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Street   Paving  Lags  Behind   Road  Pav- 
ing         (i)       1 

Street    Improvement,    Promoting    ...(1)       1 
Street    Intersection    Grades,    Method    of 

Figuring    (141)   543 

Street    Railway   operation.    Seattle    (91)   461 
Street   Railways,    Motor   Trucks  Depre- 
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With   Water   Esers (29) 
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Why  Does  Street  Paving  Lag  Behind 
Road  Paving? 

For  the  past  six  years  or  so  street  improvement  has  not 
kept  pace  with  road  improvement,  and  eaeli  year  witnesses 
a  growing  discrepancy  between  these  two  classes  of  high- 
way improvement. 

It  is  certainly  peculiar  that  where  good  pavements  are 
most  needed,  namely,  in  cities,  they  are  becoming  the  least 
common.  How  frequently  are  we  reminded  of  this  anomaly 
when  we  eross  the  city  limits  and  trade  a  smooth  ride  over 
a  country  road  for  a  rough  ride  over  a  city  street.  How  often 
do  we  complain  of  the  congestion  of  certain  well  paved 
city  streets,  and  bewail  the  surface  condition  of  streets  paral- 
lel thereto. 

I  of  us  do  not  attempt  to  And  the  fundamental  cause 
of  this  surprising  and  regrettable  inferiority  of  the  average 
city  street.  I    it  as  a  matter  of  course,  just  as  we 

accept  our  taxes — a  thing  to  be  damned  but  to  be  endured. 

If  we  are  civil  engineers  we  know  what  should  be  done  to 
keep  the  city  streets  in  repair,  but  :     to  regard  it 

as  being  no  concern  of  ours  to  tell  the  public  what  should 
be  done.  We  wait  quietly  for  some  other  class  of  citizens  to 
take  the  initiative.  Then  when  the  money  is  appropriated 
we  are  prepared  to  direct  its  expenditure.  But  why  should 
we  remain  thus  inert  as  to  the  raisins  of  the  funds  needed 
for  street  improvement?  Must  engineers  forever  be  fearful 
of  taking  the  initiative  outside  their  purely  professional  ac- 
tivities? Fortunately,  a  great  man;  engineers  will  reply 
in  the  negative,  but  unfortunately  must  of  those  will  vir- 
tually negative  that  reply  by  doing  nothing.  We  engineers 
have  yet  to  get  past  the  age  of  criticism  Into  the  age  of  ac- 
tive propagandism.  We  are  still  prone  to  wait  for  promoters 
instead   of   becoming   promoters   ourselves. 

To  promote  street  improvement  most  effectively  it  will  be 
necessary   first  to  change  the  laws  that  govern   the   raising 


of  money  for  such  improvements.  Practically  all  money 
for  street  improvement  is  now  raised  by  taxing  property 
that  faces  the  street.  This  is  economically  as  unsound  as 
it  would  be  to  raise  all  money  for  railway  construction  by 
taxing  the  farms  faring  the  railway  right  of  way.  Indeed 
it  was  this  very  economic  blunder  that  held  back 
road  improvement  in  America  for  scores  of  years.  It  was 
not  till  New  Jersey,  in  the  early  nineties,  passed  a  state  aid 
law  that  any  slate  began  to  get  an  adequate  mileage  of  iin- 
proved  roads.  So  long  as  the  farmer  whose  property  was 
"improved"  bj  a  road  was  required  to  carry  the  entire  bur- 
den of  the  improvement,  there  was  universal  opposition  by 
farmers  to  adequate  improvement.  The  very  same  condition 
exists  today  in  our  cities.  City  property  owners,  and  par- 
ticularly those  who  lease  their  property,  usually  resist  ade- 
quate street  improvement.  Why  should  I  pay  for  a  pavement 
that  is  used  a  hundred  or  a  thousand  time  other 

men  as  by  me.  This  is  the  constantly  reiterated  query 
whose  answer  spells  inadequate  improvement  of  city  streets. 

It  is  not  altogi  imple  matter  to  devise  an  equitable 

means  of  raising  money  for  street  improvement,  particularly 
where  a  large  percentage  of  the  streets  have  already  been 
improved  by  taxes  upon  abutting  property.  But  surely  engi- 
neers are  ingenious  enough  to  devise  a  betteY  plan  than 
the  one  now  prevalent. 

There  seems  to  us  to  be  no  insuperable  difficulty  in  so  ad- 
justing taxes  as  to  encourage  adequate  street  improvement. 
Probably  one-third  of  the  cost  should  be  assessed  against 
abutting  property,  one-third  against  all  property,  and  the 
remaining  third  raised  by  a  tax  on  gasoline.  Property 
streets  already  well  paved  should  probably  not  be  required 
to  pay  that  part  of  the  general  tax  used  for  further  street 
improvement.  Bonds  should  be  issued,  and  retired  in  about 
20  years  from  the  taxes  thus  raised;  for  it  is  an  economic 
mistake  to  make  the  average  taxpayer  pay  the  entire  cost 
of  a  pavement  at  one  stroke.  The  argument  that  a  bonded 
debt    increases    the    ultimate    cost   of    an      improvement      is 
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sophistical,  for  it  fails  to  take  into  account  the  ability  of  the 
taxpayer  to  invest  the  money  that  he  would  otherwise  be 
required  to  pay  out.  Thus,  if  your  assessment  were 
$100  for  the  pavement  in  front  of  your  lot,  you 
would  pay  $100  in  interest  at  5  per  cent  over  20  years  plus 
the  $100  principal  at  the  end  of  20  years,  or  $200;  but  during 
that  20  years  you  would  ha\e  had  the  use  of  the  $100,  and 
could  have  realized  at  least  5  per  cent  annually  thereon  by 
buying  bonds,  so  that  the  interest  thus  carried  would  pay 
the  interest  on  the  street  bonds.  The  fact  is  that  many  tax- 
payers can  use  their  money  so  as  to  earn  more  than  bond 
interest,  and  for  all  such  it  is  a  positive  gain  to  defer  pay- 
ment on  street  improvement.  In  short,  no  one  need  be  worse 
■off  by  bonding  for  street  improvement,  and  many  will  be 
better  off  because  of  their  ability  to  earn  more  than  a  bond 
interest  rate. 

It  is  true  that  deferring  payment  by  borrowing  occasionally 
leads  to  excessive  borrowing,  but  such  excesses  can  be  pre- 
vented by  legal  restrictions.  Indeed  these  very  restrictions 
are  now  so  severe  that  they  are  frequently  one  of  the  causes 
of   inadequate   expenditure    for   municipal    improvements. 

There  has  been  not  a  little  recent  talk  by  prominent  bank- 
ers and  others  who  have  decried  the  tax  exemption  feature 
of  municipal  bonds  on  the  ground  that  it  is  leading  to  exces- 
sive expenditures  for  city  improvements.  While  we  do  not 
favor  such  tax  exemption,  we  must  insist  that,  up  to  date, 
municipal  improvements  in  general  and  street  improvements 
in  particular  have  not  kept  up  even  to  the  poor  prewar 
standard. 

Statistics  show  that,  after  making  proper  allowance  for 
increased  wages  and  prices,  municipal  bond  issues  have  been 
proportionately  less  per  capita  during  the  last  7  years  than 
they  were  before  the  war.  Evidently,  then,  tax  exempt 
"municipals"  are  to  be  classed  among  the  financial  bugaboos 
with  which  some  bankers  are  fond  of  trying  to  frighten  the 
public.  It  should  not  be  overlooked  that,  many  of  these 
bankers  and  brokers  specialize  in  marketing  industrial 
and  utility  securities,  and  that  they  are  speaking  several 
words  for  their  own  pocketbooks  when  they  seek  to  curtail 
the  issue  of  municipal  bonds  in  order  to  increase  the  mar- 
ketability of  the  classes  of  bonds  that  they  handle. 


The    16th     Birthday    of   Engineering 
and   Contracting 

On  the  first  of  January,  1906,  Engineering  and  Contracting 
(then  named  Engineering-Contracting)  began  its  existence. 
For  three  issues  it  appeared  as  a  monthly  magazine;  then 
it  was  consolidated  with  Contract  News,  a  weekly  periodical 
18  years  old,  whose  volume  number  was  adopted.  A  year 
later  Engineering  World  was  consolidated  with  this  journal, 
and  two  years  thereafter  The  Dirt  Mover  was  absorbed. 

In  its  relatively  short  life  Engineering  and  Contracting 
has  experienced  two  severe  industrial  depressions — the 
"panic"  of  1907  and  the  "hard  times"  of  1920-21.  The  country 
is  now  emerging  from  this  last  business  depression,  and 
there  is  every  reason  to  expect  several  years  of  steadily  in- 
creasing prosperity. 

Immediately  after  the  close  of  the  Civil  War  in  1865,  there 
was  a  rapid  fall  in  prices  and  a  short  business  reaction. 
Then  came  an  era  of  unprecedented  construction  activity 
which  did  not  end  till  the  panic  of  1873.  That  prosperous 
period  was  especially  noteworthy  for  the  large  mileage  of 
new  railway  construction.  Were  it  not  that  our  railways 
have  been  financially  starved  by  15  years  of  inadequate 
freight  rates,  there  would  doubtless  be  a  repetition  of  the 
history  of  1865  to  1873,  for  the  country  is  sorely  in  need  of 
improved  railway  transportation.  Probably  half  the  rail- 
ways in  America  could  be  electrified  with  profit.  But  in- 
vestors are  afraid  to  furnish  the  capitol  for  fear  that  the 
profits  from  such  improvements  would  be  largely  confiscated 
by  the  Interstate  Commerce  Commission,  which,  up  to  the 
present,  has  shown  no  inclination  to  let  the  average  railway 
earn  more  than  6  per  cent  on  the  capital,  invested.  There 
is  some  evidence,  it  is  true,  of  a  more  liberal  public  attitude 
toward  railway  investors,  but  it  may  take  several  years  to 
reach  the  point  where  the  public  will  look  with  complacency 
upon  railway  profits  that  are  more  than  half  what  the  aver- 
age manufacturer,   merchant  or  banker   earns. 

If  railway  construction  is  thus  crippled,  it  is  not  so  with 
road  construction.     In  the  highway  field,  we  see  an  activity 


that  bids  fair  to  give  to  the  next  ten  years  the  title  of  the 
great  road  building  decade.  With  ten  million  motor  vehicles 
already  in  use,  and  the  number  increasing  at  an  astonish- 
ing rate,  it  is  not  to  be  marveled  that  at  last  America  has 
begun  to  pull  herself  out  of  the  dust  and  the  mud. 

Sixteen  years  ago,  when  this  journal  began  its  existence 
and  its  advocacy  of  Federal  Aid  in  road  building,  there  was 
an  almost  infinitesimal  mileage  of  hard  roads  outside  of  cit- 
ies. In  our  advocacy  of  Federal  Aid  we  were  opposed  by 
such  magazines  as  Engineering  News,  Engineering  Record, 
and  Good  Roads  Magazine.  Federal  Aid  was  called  "pater-, 
nalism,"  and  it  was  argued  that  Federal  appropriations  for 
highway  construction  would  result  in  "pork  barrel"  wastage 
of  public  funds.  All  such  opposition  has  vanished.  The  other 
day  Congress  appropriated  $90,000,000  to  be  spent  on  road 
construction  during  the  next  18  months.  Of  this  sum  $15.- 
000,000  is  for  "forest  roads,"  and  the  balance  is  for  "state 
aid  roads." 

We  predict  that  during  the  next  10  years  the  Federal 
government  will  average  $200,000,000  appropriated  annually 
for  roads.  Good  road  advocates  may  well  urge  that  the 
money  saved  by  restricted  naval  development  be  expended 
for  increased  highway  development.  AVhen  the  25th  birth- 
day of  this  journal  arrives,  we  hope  to  be  able  to  point  to  a 
verification  of  this  prediction,  even  as  we  are  now  able  to 
say  that  our  predictions  of  16  years  ago  have  come  true 
as  to  large  scale  support  of  the  Federal  government  in  road 
building. 


What  Does    "Pure    Science"    Mean? 

A  word  or  term  means  what  it  is  commonly  taken  to  sig- 
nify, unless  there  is  an  agreed  upon  change  of  signification. 
Scientists  are  constantly  introducing  changes  of  meaning  of 
common  words,  partly  because  the  growth  of  knowledge 
begets  the  necessity  of  new  meanings  corresponding  to  new 
discoveries,  and  partly  because  it  is  desirable  to  retain  old 
words  for  new  uses  in  order  not  to  repel  readers  by  the 
execessive  use  of  coined  words.  Has  the  time  come  when 
the  term  "pure  science"  should  be  given  a  new  meaning? 
We  think  so.  The  reason  for  a  change  of  definition  is  not 
merely  the  present  lack  of  common  agreement  as  to  what  is 
"pure"  in  science,  but  the  desirability  of  removing  the  prev- 
alent opinion  that  "pure  science"  is  science  that  is  dis- 
tinguished by  its  uselessness. 

The  old  toast  of  the  professors  of  mathematics,  "Here's  to 
pure  mathematics;  may  it  never  he  any  use  to  any  body." 
seems  somehow  to  have  become  attached  to  all  "pure  science." 
This  is  greatly  to  be  deplored,  for,  aside  from  the  men  who 
search  for  new  knowledge  merely  for  the  love  of  searching, 
the  vast  majority  of  men  are  interested  only  in  the  kind  of 
knowledge  that  can  be  put  to  use.  Since  pure  scientists 
depend  for  their  support  upon  men  who  apply  science,  it 
would  seem  the  part  of  wisdom  for  pure  scientists  to  change 
the  meaning  of  the  term  "pure  science"  so  as  to  avoid  the 
appearance  of  asking  for  support  for  a  useless  sort  of  work. 
The  world  is  not  fond  of  paying  for  other  men's  pleasures, 
but  will  gladly  pay  for  what  will  add  to  its  own. 

The  expression  "pure  science"  probably  owes  its  origin  to 
the  early  distinction  between  pure  and  applied  mathematics. 
If  we  reflect  a  little,  we  see  that  aside  from  the  processes 
of  arithmetic  and  of  higher  mathematics  that  facilitate  ascer- 
taining tbe  number  of  units  in  different  groups,  there  is  no 
really  pure  mathematics  whatever.  Even  geometry  is  the 
application  of  these  processes  of  enumeration  to  problems 
in  spatial  relations.  And  geometry  in  turn  is  applied  to  sur- 
veying, navigation,  etc.  Such  reflection  leads  us  speedily  to 
the  rather  startling  conclusion  that  the  degree  of  "purity" 
of  a  science  is  not  measured  by  the  infrequency  of  its  ap- 
plication to  practical  affairs,  but  that  the  "purity"  is  really 
proportional  to  the  practical  uses  of  it.  The  processes 
of  addition,  subtraction,  multiplication  and  division,  for  ex- 
ample, above  all  others  are  the  purest  of  pure  mathematics. 
Why?  Because  they  are  not  frequently  useful?  No,  because 
they  are  the  most  widely  useful  of  all  the  processes  of 
mathematics.  And  by  a  similar  inspection  of  the  various 
branches  of  pure  science  we  are  led  to  this  generalization : 
The  degree  of  purity  of  a  science  consists  in  its  degree  of 
generality,  that  is  in  the  extent  to  which  it  may  be  applied. 

By  this  criterion  we  conclude  that  pure  mathematics  is 
the  purest  of  all  the  sciences,  and  therefore  the  most  widely 
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useful.  "Purity"  and  utility  in  science  thus  became  synony- 
mous. This  assuredly  is  a  conclusion  quite  at  variance  with 
the  prevalent  conception  of  pun  science,  and  it  is  a  conclu- 
sion that  should  be  given  the  widest  publicity  if  we  are  to 
advance  industrially  with  great  rapidity  during  the  next 
century. 


Writers  and  Other  Specialists 

Whenever  an  editorial  is  published  in  a  daily  paper  on  a 
subject  in  which  you  are  very  well  informed,  you  will  usually 
find  yourself  in  disagreement  with  some,  if  not  all,  of  the 
editor's  conclusions.  Did  it  ever  occur  to  you  that  every 
other  specialist  finds  the  average  daily  paper  editorial  on 
his  specialty  equally  erroneous?  And  did  you  ever  stop  to 
consider  that  every  branch  of  human  knowledge  is  some- 
body's "specialty"?  If  a  non-specialist  is  usually  incapable 
of  reasoning  soundly  on  a  subject  that  is  a  "specialty,"  and 
if  all  subjects  are  "specialties"  when  properlj  treated,  it 
follows  that  no  one  but  a  specialist  can  be  trusted  to  express 
any  opinion  on  anything.  This  seems  an  extreme  po 
to  take,  yet  it  is  not  far  from  the  truth      I  presses 

the  truth  completely  wherever  human  knowledge  has  reached 
the  scientific  stage  in  any  of  its  departments.  It  is  only 
because  so  much  of  our  knowledge  is  very  fragmentary  and 
unsystematized  that  one  well-read  man  is  occasionally  as 
much  entitled  to  an  opinion  as  another. 

Already  there  are  signs  that  newspaper  editors  are  begin- 
ning to  realize  their  inability  to  discourse  wisely  on  any 
and  every  theme;  most  of  them  are  featuring  articles  by 
writers  who  are  "specialists."  Yet  the  average  editor  is  still 
a  long  way  from  realizing  that  every  subject  is  susceptible 
of  being  treated  as  a  specialty.  Witness  the  popularity  of 
such  syndicated  editorials  as  those  of  Dr.  Frank  Crane,  whose 
pen  is  more  versatile  than  nature  herself.  Here  is  the  typi- 
cal newspaper  editorial  writer  outrunning  his  type.  His 
wisdom  is  as  wide  as  the  oceans,  albeit  no  deeper  than  a 
frog  pond  and  quite  as  muddy  when  stirred.  His  is  the 
faculty  to  wield  words  interestingly  on  any  subject,  because 
his  vocabulary  is  great  and  his  imagination  greater.  Such 
a  writer  needs  no  facts  to  be  interesting,  for  his  average 
reader  is  quite  as  destitute  of  facts  as  he,  and  enjo 
slight  strain  upon  his  attention  while  he  gazes  from  the 
balloon  of  the  editor's  fancy  upon  the  world  of  the  editor's 
fancy  below. 

Perhaps  a  few  generations  hence  some  writer  on  logic 
will  collect  the  editorials  of  Mr.  Arthur  Brisbane,  Dr.  Frank 
Crane  and  Fra.  Elbertus  (Hubbard),  as  specimens  of  how 
much  can  be  said  speciously  upon  every  specialty  by  men 
who  specialize  in  nothing  save  talk. 

Of  course  the  world  demands  entertainers,  and  always  will 
demand  them  and  pay  them  well  for  the  entertainment. 
But  in  the  course  of  time — possibly  an  aeon  or  two — the 
world  will  distinguish  between  its  entertainers  and  its  in- 
structors. At  present  many  of  the  entertainers  pose  as  In- 
structors— "and  get  away  with  it." 

The  moral  appears  to  be  that  the  real  instructors — the 
specialists — should  either  study  also  the  specialty  of  enter 
taining,  or  should  form  partnerships  witli  literary  entertain 
ers,  letting  the  latter  tell  interesting]}  whal  the  former  tell 
correctly. 


Officers  of  American  Association  of  State  Highway  Officials. 

At  the  7th  annual  meeting  of  the  American  Association  of 
Highway  Officials,  at  Omaha,  Dec.  5  to  8,  the  following 
officers  were  elected:  President,  C.  M.  Babcock,  commissioner 
of  highways,  Minnesota;  vice  president,  C.  J.  Benrlett,  high- 
way commissioner,  Connecticut;  secretary.  C.  M.  Dpham,  state 
highway  engineer,  North  Carolina;  treasurer,  F.  T.  Sheets, 
superintendent  of  highways,  Illinois.  Executive  committee: 
W.  D  Uhler,  chief  engineer,  Pennsylvania,  1926;  D.  P.  Olson, 
director  bureau  of  highways,  Idaho,  1926.  Members  of  the 
executive  committee  whose  terms  hold  over  are:  George  P. 
Coleman,  chairman,  state  highway  commissioner,  Virginia, 
1922;  Paul  D.  Sargent,  chief  engineer,  .Maine,  1922;  Ira  It. 
Browning.  Utah.  1923;  R.  J.  Windrow,  state  highway  engineer, 
Texas.  P>2:J;  Geo.  E.  Johnson,  secretary,  department  of  pub- 
lic works.  Nebraska,  1924;  Thomas  H.  MacDonald,  chief, 
Bureau  of  Public  Roads,  1924:  Austin  B.  Fletcher,  director  of 
public  works.  California,  1925;  YV.  it.  Neel,  state  highway 
engineer,   Georgia,   1925. 


Physical  Science  Explained :    A  Book  on  the 
Interpretation  of  Our  Environment 
By   1'.   P..   McDON 

ei  Ing, 
X'-v.  rsity. 

Most  textbooks  on  physics  are  dull  treatises  compiled  by 
the  kind  of  scholar  that  Carlyle  called  dryasdust.  These 
books  plainly  are  written  merely  to  prepare  Students  for 
specializing  in  the  subject.  As  a  matter  of  fact  very  few 
students  specialize  in  phj  ae  ether  hand,  many  ordi- 

nary people  would  like  to  acquire  a  knowledge  and  explana- 
tion of  the  physical  phenomena  about  them  The  ordinary 
man  10  years  out  of  college  remembers  very  little  of  the 
courses  in  physics  that  he  once  studied.  Perhaps  he  has  a 
vague  recollection  of  a  few  experiments  performed  mechan- 
ically and  never  really  understood,  or  of  "problems"  solved 
blindly  by  substitution  in  formulas  that  he  used  because  the 
book   said   to  or   1  lent  next    him   used   them. 

Yet  a  knowledge  of  physics  is  important  in  everyday  life, 
particularly   to  engineers. 

An  excellent  book  on  physics,  or  general  science,  is  "Every- 
man's Science"  (Hinds,  Hayden  &  Eldredge).  The  author 
is  Dr.  Daniel  R.  Hodgdon,  president  of  Valparaiso  University, 
formerly  a  teacher  of  science.  This  book  is  skillfully  and 
clearly  written  in  an  interesting  and  non-technical  style. 
Once  opened  it  is  difficult  to  close,  for  the  explanations  of 
things  that  we  have  noticed  all  our  life  but  never  have  rea- 
soned out  or  had  lucidly  explained  to  us  invite  and  fascinate. 

The  first  chapter,  for  example,  discusses  the  moisture  in 
the  atmosphere.  It  tells  why  we  should  keep  a  pan  of  water 
in  a  heated  office  or  living-room  during  the  winter;  why  a 
hut  bath  in  summer  is  more  cooling  than  a  cold  bath;  and 
why  a  dog's  nose  is  cold.  The  second  chapter  explains  that 
fogs  and  clouds  are  the  same  phenomena,  differing  only  in 
altitude;  and  that  a  "mackeral  sky"  means  warm,  wet 
weather. 

The  third  chapter  shows  why  water  gurgles  from  a  jug; 
how  a  boa-constrictor  uses  atmospheric  pressure  in  swallow- 
ing its  food:  and  how  the.  action  of  spiders,  leeches,  and 
frogs  foretells  the  weather.  The  fourth  chapter,  which  is 
on  heat,  explains  the  shiny  surface  of  thermos  bottles  and 
the  dark,  rough  surface  of  radiators;  it  recommends  copper 
kettles  as  requiring  less  fuel  than  iron  kettles  because  the 
thermal  conductivity  of  copper  is  90  while  that  of  iron  is 
only  14;  and  it  compares  heating  systems  for  buildings.  The 
fifth  chapter,  also  on  heat,  explains  why  the  Fahrenheit  ther- 
mometer has  its  zero  at  a  point  32°  below  the  freezing  point 
of  water:  and  why  plumbers  do  not  use  a  piece  of  lead  to 
mend  a  lead  pipe. 

The  sixth  chapter  takes  up  fuel  and  ventilation,  the  sev- 
enth chapter  takes  up  food  and  medicine;  the  eighth  chap- 
ter tells  facts  about  water  and  water  supply;  the  ninth  chap- 
ter discusses  germs  and  the  germ  theory  of  disease.  In  the 
tenth  chapter,  which  is  on  light,  are  discussed  lenses,  the 
ad  illumination.  Electricity  is  taken  up  in  the  eleventh 
chapter;  sound  and  music  are  treated  in  the  twelfth;  and 
various  laws  of  physics  and  mechanics  are  treated  briefly 
in  the  last  three  chapters  of  the  book.  All  these  subjects 
are  treated  in  their  everyday  manifestations,  just  as  the 
ordinary   man  comes  in  contact   with  them  in  ordinary  life. 

The  scientific  truths  discussed  in  this  book  have  aroused 
the  curiosity  of  man  since  he  first  began  to  wonder  about 
the  strange  world  in  which  he  found  himself.  To  learn  these 
laws  of  nature,  philosophers  and  experimenters  have  been 
reflecting  and  observing  for  thousands  of  years;  and  many 
of  them  have  been  neglected  or  even  punished  for  their 
pains.  Today  we  can  buy  a  book  that  explains  the  whole 
business,  and  we  can  sit  and  read  it  without  any  more  trouble 
than  eating  our  dinner. 


Michigan  Lets  259  Road  Contracts  in  1921. — According  to 
a  summary  compiled  by  F.  D.  Messenger,  Road  Engineer,  of 
the  Michigan  State  Highway  Department,  the  department 
last  year  let  259  contracts  for  road  building.  The  contracts 
were  awarded  as  follows:.  January,  9;  February,  3;  March, 
27;   April,  35;   May.  50;    I  uly,  12;   August,  57;   Sep- 

tember, 8;  October,  7;  November,  8,  and  December,  3.  Ac- 
cording to  the  outlined  plans  for  the  department,  it  is  ex- 
pected that  the  peak  for  1922  will  be  reached  at  least  by 
the  month  of  May. 
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The  Chicago  Good   Roads  Congress 
and   Exposition 

Many  questions  pertaining  to  highway  finance  and  admin- 
istration as  well  as  road  construction  and  highway  transpor- 
tation will  be  discussed  in  the  light  of  more  recent  develop- 
ments at  the  big  nation-wide  good  roads  congress  and  expo- 
sition of  road-building  machinery,  materials,  methods  and 
appliances  to  be  held  at  the  Coliseum,  Chicago,  Jan.  16th 
to  20th,  1922,  under  the  auspices  of  the  American  Road  Build- 
•ers'  Association. 

The  program  of  addresses,  prepared  papers  and  discussions 
covering  the  several  sessions  of  the  congress  will  include 
such  subjects   as   the   following: 

Detailed  technical  discussions  by  recognized  authorities 
on  the  latest  methods,  evolved  in  the  construction  of  all  types 
of  paved  thoroughfares  including  the  Portland  cement  types 
and  the  asphalt  or  bituminous  types,  as  well  as  brick  and 
granite  block,  gravel  and  dirt  roads  and  the  construction 
of  bridges  and  culverts.  Fall  letting  of  road  contracts  as  a 
means  of  speeding  up  highway  construction  and  thereby  re- 
lieving not  only  seasonal  unemployment,  but  seasonal  con- 
gestion in  the  delivery  of  road  materials  and  supplies. 

Results  of  the  more  recent  research  investigations  by  the 
U.  S.  Bureau  of  Public  Roads  and  the  Highway  Research 
Committee,  Division  of  Engineering,  National  Research 
Council. 

The  development  and  future  of  highway  transportation  and 
its  relation  to  highway  improvement.  One  entire  session 
will  be  devoted  to  the  various  phases  of  these  subjects. 

The  present  and  future  of  Federal  Aid  to  the  states  in 
financing  highway  construction,  and  national  and  state  road 
problems,  both  in  the  administration  of  highway  departments, 
and  the  construction  and  maintenance  of  the  roads  them- 
selves. 

An  exhaustive  discussion  by  financial  experts  on  the  best 
method  of  determining  the  proper  procedure  in  highway 
finance,  obtaining  local  legislation,  floating  local  bond  issues 
and  disposing  of  the  bonds. 

The  simplification  of  specifications  and  the  promotion  of 
better  relations  between  public  officials,  highway  engineers 
and  contractors. 

The  exposition  of  labor  saving  machinery,  materials  and 
methods  will  open  at  the  Coliseum,  Jan.  16th,  at  8  p.  m.,  and 
will  surpass  in  the  number  and  variety  of  its  exhibits  the 
great  exposition  of  last  year.  At  the  first  drawing  of  space 
held  in  New  York  on  Oct.  29th,  1921,  all  records  for  the 
reservation  of  space  were  broken,  practically  the  entire  first 
floor  of  the  exposition  hall  and  annex  being  assigned.  The 
extraordinary  demand  for  space  has  necessitated  the  rental 
of  buildings  adjoining  the  Coliseum  to  house  the  overflow. 
Many  firms  which,  heretofore,  have  never  exhibited  at  the 
national  good  roads  show  have  engaged  space.  The  ex- 
hibitions will  not  only  include  practically  every  known  kind 
of  machinery,  appliances  and  transportation  equipment  iden- 
tified with  highway  construction,  but  will  include  many  new 
inventions.  An  interesting  feature  of  the  show  will  be  an 
exhibit  by  the  U.  S.  Bureau  of  Public  Roads,  for  which  2,000 
sq.  ft.  of  space  will  be  necessary,  as  well  as  complete  exhibits 
dealing  with  road  construction  by  the  Asphalt  Association, 
the  Portland  Cement  Association,  the  National  Association 
of  Paving  Brick  Manufacturers  and  other  similar  organiza- 
tions that  will  give  demonstrations  of  the  latest  methods  in 
laying  their  various  types  of  pavements. 

The  tentative  program  of  the  congress  is  as  follows: 

PUBLIC  SESSION. 
Invocation. 

Announcement  of  convention  committees. 
Address    .;   Welcome  on   behalf  of  the  City  of  Chicago   bj    the 

or  behalf  of  the  American  Road  Builders'  Association 
by  the  President. 

SESSION   DEVOTED  TO  BITUMINOUS    KOADS. 
"Bituminou:    Foundation  ,"  Hugh  w.  SMidmore,  C     i:  .  Chicago 

"Selection    of    Bituminous    Wearing   Course,"    C.     > 

Bnglneer,  Bureau  of  Highways,  Borough  of  Manhattan,  New 
York  l 

-lion  of  Local  Material  for  Mineral  Aggregate,"  Major 
W.  A.  Welch,  Chief  Engineer,  Palisades  Interstate  Park  Commis- 
sion, Xew  York 

"Asphalt   Specifications,"   L.   M.   Law,  Chief  Chemist,   Xew  Or- 
lefining  Co. 


"Specifications  of  Mineral  Aggregates,"  Roy  M.  Green,  manager. 
Western  Laboratories.  Lincoln,  Neb. 

"Controversial  Construction  Requirements  in  Specifications." 
Bruce  Aldrieh,  Toronto,  Canada. 

"A  Simple  Graphic  Method  of  Proportioning  Sands  for  Sheet 
Asphalt  Mixtures."  Provost  Hubbard.  Chemical  Engineer,  The 
Asphalt  Association,  New  York  City. 

SESSION     DEVOTED     TO     PORTLAND     CEMENT     CONCRETE 
ROADS. 
"The  Selection  of  the  Mineral  Aggregate  for  a  Portland  Cement 
Concrete  Road,"   John  H.   Mullen.   Chief  Engineer,   State  Highway 
Department  of  Minnesota. 

"Design  of  Concrete  Roads  for  Heavy  Traffic,"  W.  D.  Uhler,' 
Chief  Engineer,  Pennsylvania  State  Highway  Department. 

•Inspection  and  Control  of  Materials  for  Concrete  Roads,"  R. 
W.  Crum,  State  Testing  Engineer,  Iowa  State  Highway  Com- 
mission. 

"Importance  of  Surface  Finish  and  Methods  of  Control,"  H.  E. 
Breed,  Consulting  Engineer,  New  York  City. 

"Single  Track  Concrete  Roads  for  the  Average  County."  P.  C. 
McArdle,  County  Highway  Superintendent,  Vermilion  County.  Dan- 
ville, 111. 

"Pavement  Widths  for  Highways  Serving  Large  Cities,  Edward 
N.  Hines,  Chairman,  Board  of  County  Road  Commissioners,  Wayne 
County,  Detroit,  Mich. 

SESSION  DEVOTED  TO  COMMON  ROADS. 
'Common    Roads,"    T.    J.    Wasser,    State    Highway    Engineer, 
Trenton,  N.  J. 

"A  Systematic  Study  of  Gravels  for  Road  Purposes,"  Wallace 
F.  Purrington,  Chemist  and  Testing  Engineer,  New  Hampshire 
State  Highway  Department. 

SESSION  DEVOTED  TO  HIGHWAY  FINANCING. 
"The   Proposed   Wisconsin   Plan    of    Highway   Finance,"    A.    R. 
Hirst,   Chief  Highway  Engineer.  AVisconsin   Highway  Commission. 
"The  Minnesota  Experience  in  Highway  Financing,"  C.  M.  Bab- 
cock,  Commissioner  of  Highways,  Minnesota  Highway  Department. 
SESSION  DEVOTIiD  TO   HIGHWAY   TRAFFIC  AND  HIGHWAY 
TRANSPORTATION. 
"Truck    Overloading.    Its    Relation    to    Road    Construction    and 
.Maintenance,"  J.  G.   McKay,  Ph.  D.,  Professor  of  Economics,  Uni- 
versity of  Wisconsin. 

SESSION  DEVOTED  TO   HIGHWAY   RESEARCH. 
"Highway    Research."    W.    K.    Hatt,    Professor    of    Engineering, 
Purdue     University;     Director     of     Research,     National     Research 
Council. 

"The  Illinois  Experimental  Road,"  Clifford  Older,  Chief  High- 
way Engineer,  Department  of  Public  Works.  Illinois. 

"Highway  Researches  and  What  the  Results  Indicate,"  A.  T. 
Goldbeek,  Chief,  Testing  Division,  U.  S.  Bureau  of  Public  Roads. 
Washington,  D.  C. 

"The  Highway  Outlook,"  Thomas  H.  MacDonald,  Chief,  U.  S. 
Bureau  of  Public  Roads,  Washington,  D.  C. 

"Cost  Keeping  on  Highway  Construction."  A.  R.  Losh,  Assistant 
Bureau  of  Construction.  U.  S.  Bureau  of  Public  Roads,  Washing- 
ton. D.  C. 

"Development  of  Small  Stream  Valleys  Into  Traffic  Routes," 
Jay  Downer,  Chief  Engineer.  Bronx  Parkway  Commission.  New 
York. 

"Uniform  Legislation  as  Affecting  Highway  Traffic  and  High- 
way Transport,"  D.  C.  Fenner,  manager,  Public  Works  Depart- 
ment, International  Motor  Co.,  New  Y'ork  City. 

"Construction  and  Maintenance  of  Earth  Roads,"  George  E. 
Johnson,   secretary   of  Public  Works,   Lincoln,   Neb. 

"Highway  Construction  on  the  Pacific  Coast,"  Herbert  Nunn, 
State  Highway  Engineer,  Salem,  Ore. 

"Co-operation  of  All  Parties  Interested  in  the  Construction  of  a 
Modern  Road."  William  Ord,  manager,  Paving  Department.  The 
Lakewood  Engineering  Co.,   Cleveland,  O. 

"The  Business  End  of  a  State  Highway  Department,"  Charles 
M.  Upham,  State  Highway  Engineer,  North  Carolina  State  High- 
way Commission. 

"The  Highway  Contractor's  Problems."  H.  H.  Wilson,  Winston 
Brothers,  Muncy,  Pa. 


State  Highway  Officials  and  Advertising  Signs  Along  High- 
ways.— At  the  recent  annual  meeting  of  the  American  Asso- 
ciation of  Highway  Officials  the  following  resolution  was 
unanimously   adopted: 

Whereas,  Advertising  signs  upon,  along  and  adjacent  to 
public  highways  serve  no  good  purpose  but,  on  the  contrary,  are 
a  public  nuisance  in  that  they  destroy  the  beauty  of  our  land- 
scapes, impair  vision  in  dangerous  places,  and  add  to  the  difficulty 
..f  properly  guiding  and  warning  traffic;  be  it,   therefore. 

Resolved,  that  this  Association  pledges  its  support  to  any 
proper  movement  to  eliminate  such  advertising  signs  and 
urges  upon  its  individual  members  the  importance  of  aiding  and 
em  naging  legislation  in  all  states  to  effect  said  elimination,  to 
thi  end  that  our  highways  may  be  fully  and  safely  occupied  and 
enjoyed  by  the  public  for  the  use  of  whom  they  are  acquired  and 
built. 
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State  Highway  Construction  in  1921  and  1922 

Reports  from  State  Officials  Showing  Mileage  and  Expendituresr  Last  Year  and    Proposed    Mileage 

and  Funds  Available  for  This  Year 


NEW     ENGLAND    STATES. 
Maine. 
The  total                        In   192]   on     I  aj    construc- 
tion was  about  $3,000,000,  of  which  sl'.<;:,\092  was  tor  bitumi- 
nous macadam,  cement   concrete  and  gravel  roads.     In  addi- 
tion state  aid  construction  cost   $1,300, and   provided   175 

miles  of  improved  highway  of  which  80  pei   cent   was  gravel 
surface  and  20  per  cent  miscellaneous  type. 

HIGHWAY    CONSTRUCTION    IX    1921. 

A\  -  • 

surfa<  imI  base, 

Miles.        Ft.  In.        [i 

Bitumi  61  18  2  4 

I     ■■■ 
48.44  18 

The  amount  available  at  present  wi  I  a  ghway 

construction  in  1922  is  $1,638,000.     The  program  includes  the 
following: 

!  Mil      

11 

i 22 

Paul  O.  Sargent,  Augusta.  Me.,  is  chief  engineer  Maine 
State   Highway   Commission. 

New    Hampshire. 

HIGHWAY  CONSTRUCTION   I.X   1921 

A',  erage  \        cost 

width    ^Ti  ui-face 

surface.  Sin  ' 

Ft.  In.        in.       Per  mile. 

Gravel     ;>:>  77  :'l 

11.82  Is  I  6 

Mixed   asphalt    7.09  IS  :•  ::  25,1 

•Ill,  111    : 

Approximately    $2,000,000    is    available    for    highway     con 

on  and  reconstruction  in  1922. 
Frederick  E.   Everett,   Concord.    X.    il..    is   State    Highway 
Commissioner. 

Vermont. 
HIGHWAY,  i'i  iNSTRl  CTH  IN   i\ 

rage  age  cost 

width 
surf; 
Type.  .Miles.        Ft.  In.         In.  mile. 

Gravel     140        18  to  23         :;  "'.mil  8,000 

5  IS  6-8-6     6-9 

Waterbound    macadam.      1.5         21  ::        3-12 

Bituminous  macadam.        9  IS  3         3-1J       18,000  to 

Plans  for  highway  construction  for  1922  are  not  yet  com- 
pleted.   The  program  will  be  about  the  same  as  1921, 

Thurman  \V.  Dix.  Montpelier,  \'t..  is  State  Highway  Com- 
missioner. 

Massachusetts. 

The  following  is  a  brief  outline  of  the  work  carried  out 
in  1921  by  the  Division  of  Highways  of  the  Department  of 
Public  Works  of  Massachusetts 

Bituncr  ,„,    ,,  . 

18.10 

■     

Cemen  16.5 



Sand   .ii."   .lay    i)5  mile    at  about 

The  following  work  is  proposed  for  1922: 

Miles. 

about   16.4 

.in  asphalt,  about   

nous  macadam   tar.   about    16.2 

nous  concrete  asphalt,  about  1.7 

el     20.9 

A.  W.  Dean.  Boston,  Mass.,  is  Chief  Engineer  of  the 
Division  of  Highways. 

Rhode  Island. 
HIGHWAY  CONSTRUCTION  IN  1921. 

Avi  i  Ave.  cost 

i     — Thicknes 
surface.  Surface.  Base,    andl 
Type  Miles.       Fl  In.        In.       Per  mile. 

Concreti  '  •    -   Variable   *$41.son 

Bitumi  ete    29.3 

Asphalt    macadam    3.5  In  6-8  Variable      '39,700 

m     l.(  16  '".    Variable     *14.7(io 

Gravel     3.:,  16  10     Variable       •11,700 


The  program  for  the  1922  work  is  not  yet  made   up. 


I.  w.  Patterson,  Providence,  R.  I.,  is  chief  Engineer  State 
Board  of  Public  Koads. 

Connecticut. 
lll'iliw   \.Y  O  INSTRUCTION  IN  1921. 

widtl  ii  la,-, 

sun  a.,  .Surface.  Base,    and  base. 

In.  I, 

1     1.29  is  ..            $15,000 

16.96  is  s           . . 

St.    surface    86  18  2 

'"    22.44  i  7 

!  i  03  is  ::      :,  or  7 

I'll.  I.-        I    '  :  '  45,000 

C8S6  40,000 

Brick    00  i-  ..  ..  

\i>.  m   -,"  ailable  for  new   highway  construction 

in   1922  ami  contracts  will  be  let  for  the  following: 

_ 



*   a   

am     20 

I      in 

The  average  unit  contract  prices  on  the  1921  work  were 
as  follows: 

per  cu.   yd $  0.90 

H"i  row      '     i  j.  . i.oo 

Roc]  i      i;  3.50 

i         CU         I  3^50 

"il      in  '    "ii  ry,  per  cu.   yd 1.00 

I  1-ln.  ■  pe:    tin    fl  2.00 

'    lin.  it 

■     '      ted   metal  pipe,   per  lin.  fl 3.50 

ted     a.  i  .1   pip.  ,  per  lin.   it 

per  lin.   ft 6.00 

Wood   guard  rail,   per  lin.   it 50 

acadam   surface,    per   sq.    yd 90 

7- in.   broki  n   stone  base,  per  cu.  yd 3.50 

per  sq.  yd 77, 

.-in.    waterbound    macadam,    per   sq.    yd 1.20 

'  Hi,  ni   com  rete  pav  i    yd 11.00 

i.  nee,  per  lin.  ft ;n 

Cobbli    gutter,   per  sq.  yd 80 

Etubbli    'ii  .  n.    per  lin.   ft 1.00 

Charles  J.  Bennett,  Hartford,  Conn.,  Is  State  Highway  Com- 
missioner. 

MIDDLE    ATLANTIC    STATES. 
New    York. 

During  1921  the  State  Commission  of  Highways  held  14 
lettings  involving  160  contracts  amounting  to  615  miles  of 
construction  work  divided  into  types  as  follows:  264  miles 
bituminous  macadam,  332  miles  concrete  and  19  miles  miscel- 
laneous types.  The  estimated  cosl  ol  the  above  construction, 
including  engineering  and  contingencies,  amounted  to  ap- 
proximately $27,000,000.  There  was  actually  constructed 
during  the  year  CIS  miles  of  finished  pavement  divided  into 
types  as  follows:  ?,G"  miles  concrete,  168  miles  bituminous 
in  7s  miles  waterbound  macadam  and  5  miles  miscel- 
laneous. It  is  not  possible  at  this  time  to  state  amount  of 
funds  available  for  1922  construction  hut  it  will  no  doubt  be 
equal    to   that   of  1921. 

Herbert  S.  Sisson,  Albany,  N.  Y.,  is  State  Highway  Com- 
mission. 

New  Jersey. 

The  following  table  shows  the  mileage  of  state,  county 
township  roads  under  construction,  under  contract  ready  for 
construction  or  completed  during  the  year  1921: 

Mil- 

asphalt  on  concrete  base 22.12 

It  on  stone  base   11.71 

Bituminous  concret  .    base    53.24 

concrete  on  ston.    basi  18.32 

te    138.43 

46 



i..n    

i  •  i  I  '  "in d    i 

■  i  i  in.   surface   treated    

!     

Icrs    

i 

Other  types    1.29 

The  average  width  of  surfaced  pavement  built  by  the  State 
Highway  Department  in  1921  is  approximately  20  ft.  Mono- 
lithic  concrete   pav m      have   boon    built   >i   in.   at   the   side 

and  8%  in.  at  the  center,  and  8  in.  side  and  10%  in.  at  the 
center,  depending  upon  traffic  conditions.  Where  bituminous 
top  has  been  used,  as  an  average  condition,  this  has  been 
6  to  S'/i-in.  concrete  base,  2-in.  top. 
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The  average  cost  of  surface  and  base  has  been  approxi- 
mately $60,000  per  mile,  including  drainage. 

The  probable  highway  construction  program  in  1922  will 
be  about  175  miles,  including  county,  state  aid  work  amount- 
ing to  approximately  $10,250,000.  The  type  of  pavement  to 
be  used  will  probably  be  monolithic  concrete,  and  concrete 
base  with  bituminous  surface. 

T.  J.   Wasser,  Trenton,   N.  J.,  is  State  Highway   Engineer. 

Pennsylvania 
During  1921  the  slate  constructed  07o  miles  of  durable  high 
ways  into  which  concrete  entered  in   some  form,   and   resur- 
faced 544  miles  of  macadam.    Total  expenditure  for  construe 
tion    in    1921    was    .<.H5.000.000.     Amount    expended    for    road 
maintenance  was  $9,700,000.     It  is  not  possible  at  this  time  to 
figures  on  the  work  for -1922. 
\V.    D.    Uhler,    Harrisburg,    Pa.,    is    Chief    Engineer    State 
Highway  Department. 

Delaware. 
HIGHWAY  CONSTRUCTION   IN   1921. 

Average  v  ■    '  " 

width    ,— Thickness— ,    surface 
surface.  Surface.  Base,    and  base. 
Tvpe  .Miles.        Ft.  In.         In.        Per  mile. 

Concrete     57.2  *16  6  8  $:::'..::..; 

Pen.   macadam   7  14  3  8  20,120 

At  present  $2,250,000  is  available  for  the  1922  construction. 
The  program  includes  60  miles  of  concrete  pavement. 
The  average  unit  prices  in  1921  were  as  follows: 

Concrete  1:2.4.  per  cu.  yd $16.58 

Rxcavation.   per  cu,   \  d 1 .2  I 

i  .-.   15  in .     3  00 

Masonry   1:2:4    27.05 

C.  D.  Buck,  Dover,  Del.,  is  Chief  Engineer  State  Highway 
Department. 

Maryland. 
The  following  table  summarizes  the  construction  activities 
of  the  Maryland   State  Roads  Commission   in   1921: 


APPROXIMATE    UNIT    BIDDING    PRICES. 

Rxcavation     $  110 

Surface     » .25 

Concrete,    Class    A 2    „, 

Concrete,    Class    B 24.00 

Concrete.    Class    C 20.00 

Reinforcement     1" 

V.   C.  pipe,   12-in 2.3;. 

V    C.  pioe,   15-in 2.80 

V.   C.   pipe,    18-in 3.50 

C.   pipe.   24-in 5.25 

1.00 


is  Chairman  State  Road 


Wooden   railing 
C.  I'.  Fortney,  Charleston.  W.  Va.. 
Commission   of  West  Virginia. 

North  Carolina. 
At  present  North  Carolina  has  under  construction  or  con- 
tracted for  591  miles  of  road  of  the  topsoil,  sand-clay  or 
gravel  type,  costing  approximately  $5,100,000;  approximately 
:J,00  miles  of  the  various  hard  surface  types  costing  $8,750,- 
000;  bridge  work  costing  approximately  $400,000. 

During  the  past  year  there  has  been  completed  approxi- 
mately 380  miles  of  the  topsoil.  sand-clay,  or  gravel  type 
H  an  approximate  cost  of  $4,000,000;  85  miles  of  hard  sur- 
faced roads  costing  in  round  figures  $3,000,000,  and  bridge 
work   costing   approximately   $250,000. 

These  figures  include  both  State  and  Federal  Aid  work 
hut  do  not  include  work  that  is  being  done  by  counties. 

inning  the  coming  year  the  State  Highway  Commission 
expects  to  let  contract  and  put  under  construction  400  miles 
of  paving  and  600  miles  of  the  various  lower  type  roads. 

Charles    M.    Upham,    Raleigh.     X.    C.    is     Chief    Engineer 
North  Carolina  State  Highway  Commission. 
South   Carolina. 
HIGHWAY     CONSTRUCTION     IN     1921. 

Average  Ave.  cost 

width     —Thickness—     surface 
surface.  Surface.  Base,    andbase. 
Tvpe  Miles         Ft.  In.         In.        Per  mile. 

Concrete    27  16  7  ..         $32,000 


Type   of    surfacing 

Macadam     

Concrete     

Bituminous   concrete    

Shell     

Gravel     

Brick     

Asphalt     


Asphalt  resur.  roads  previously  constructed   

Con.   should  adj.   to  roads  previously  constructed 
Grading    only 


Constr. 
previous 

to  1-1-21. 
940.26 

.'.'i.-,  r:i 
:■  in 
73.55 

181  :i7 
7. on 
39.14 


71.  ' 


rm 


17.94 
0.00 
0.00 

18.18 

3.07 

in. ill 



0.00 
0.00 


Awarded 
during 
1921 
15.29 
97.84 
0.00 

o.oo 

25.02 
0.00 
7.35 

145.50 


Constr. 

during 

1921. 

15.35 
103.71 

I.  (Ml 

0.00 

33.60 

0.00 

5.42 

158.08 

1  86 

13.99 


1,736  98 
John   N.   Mackall,   Baltimore.   Md.,   is   Chairman   and   Chief 
Engineer  of  the  State  Roads  Commission. 

SOUTH    ATLANTIC    STATES. 
Virginia. 

HIGHWAY  CONSTRUCTION   IN   1921. 

Average  \  i  e  cosl 

width    t — Thickness— „    surface 
surface.  Surface.  Base,    and  base. 


162.95  174.67 


Carried 

over  to 

1922. 

1.3'.' 
12.07 
n. in. 
O.OO 

'. 

0.00 

;,  00 

2S.06 
0.00 
0.57 
n  29 

28.92 


Total 

constr. 

to  12-31-21. 

'.155.61 

199  60 

28.19 

73.55 

215  57 

7.09 

1  1.56 


Total  cost 
..I  1921 
awards. 
%    253,373 
3,231.002 


Ave.  cost 

per  mile 

of  1921 

awards. 

$16,571 

33,023 


232,056 
"29M93 


$4,010,126 
51.152 
174. 3X4 


9.274 
39.958 


27.501 
11.977 
31,817 


1.911.65  $4,268,434 


Asphaltic,    mixed    2             IS                2  5           33.000 

Gravel    4            20             10  ..             6.000 

Other    types    717            20             10  ..            4.000 

PROBABLE    HIGHWAY    CONSTRUCTION    IN    1962. 

Tvpe.                                                                            Miles.  Amount  available. 

Hard  surface    70  $2,240,000 

other  tvpes   680  2.720,000 


Type.  Miles 

Bituminous  macadam 57.0 

d    macadam    .  .    86.5 

Concrete     57 

Gravel     40 

198 

All   others    82 


in 


in 


Per  mile. 
$28,370 
15,6011 
33,000 
7,500 
7,500 


The  appropriations  for  the  1922  work  has  not  yet  been 
made.  The  probable  construction  program,  however,  in- 
cludes : 

Miles. 

LOO 

i  im   100 

Asphalt    5ii 

150 

G.  P.  Coleman,  Richmond,  Va.,  is  State  Highway  Commis- 
sioner. 

West  Virginia. 

TEH    DURINi  1 


Total     750  S4.960.O00 

AVERAGE   UNIT   CONTRACT    PRICES    IN    1921. 

'  1  aring  and  grubbing $131.90 

Common    excavation    0.314 

Dry   excavation    0.356 

Wet    excavation     3.90 

Top-soil    surfacing 0.388 

Sand-clay    surfacing    0.308 

Gravel    surfacing     0.37 

Bituminous   concrete    surfacing 2.70 

Plain    concrete    surfacing 2.75 

Concrete,   Class    "A" 25.64 

Concrete,   Class   "B".... 20.70 

Chas.  Moorefield,  Columbia,  S.  C,  is  State  Highway  Engi- 
neer. 

Georgia. 

During  1921  about  1,000  miles  of  highway  were  constructed 
at  an  expenditure  of  $10,000,000.  Present  plans  call  for  the 
construction  of  500  miles  in  1922  at  an  expenditure  of  about 


Miles. 

\Y     1 '.     macadam    2 

i  travel     

Kitumit 

:oncrete    



Asphalt  concrel  ,.. ..       3 


width.       thickness 


PI 


In. 


Type. 


10   16  6-12 

9-16 
10-16 

12-16  6-4 

.  base 
i  lONSTHUCT  0 

i  liable. 


Average 
cost 

12. 

36, 


$8,000,000. 
Engineer. 


W.    R.    Neel,    Atlanta,    Ga.,    is    State    Highway 


Florida. 


HIGHWAY    CONSTRUCTION     IN     1921. 


Thickness. 


16 


S;ii.'    base. 


Width 
Type. 
Concrete    .... 
Brick    

ition    .  . 
asphalt 
■    .i.i 

36  20 

in.,   3-in.  wearing  surface 

PROBABLE    CONSTRUCTION    IN 
i  Miles.     Width 

.     37  16 

20  16 


lent. 


Miles. 


150 


i  lost  per  mile. 
J3O.000 

30.000 

25,000 
30.000 
15,000 
8.000 


Thickness. 

6-in. 
Sand   base 


(6) 


/  <  'ontr acting  foi  Januai  y  I,  1922. 


Penelration     

Sheet    asphalt I"  16        Base  8   In 

Gravel    10  is 

Surface   treatment...  100  16  base 

Sand-clay    50  20  S-in 

Chas.  A.  Browne.  Tallahassee,  Fla.,  is  State  Highway  En- 
gineer. 

EAST     SOUTH     CENTRAL     STATES. 

Kentucky. 

HIGHWAY    CONSTRUCTION    IN    1921. 

kness,        Av   ■ 
Av.  width  sin  I  . 

. 
3"yp<  Miles.  Ft.  in.  In.       Pi 

and  drain 176.3  24  ..  $15,000« 

Gravel    10.6  12  II 

ound   macadam.  . .  .     128.2  i  i  I  

Surface    treatment 233.2  ii 

Penetration    macadam 11. 1  16  :\ 

gphalt 22.-1  is  2  S 

Brick     7  M  i  9 

C(  mi  nt   i  oncrete 6.6  is  ? 

•In    mouni 

It  is  not  possible  at  this  time  to  give  you  any  accurate 
information  on  the  roads  to  be  constructed  during  L922  for 
the  reason  that  the  Department's  program  will  depend  alto 
gether  upon  the  funds  provided  by  the  next  legislature  which 
convenes  Jan.  1,  1922. 

Joe  S.  Boggs.  Frankfort.  Ky..  is  state   Highway   Engineei 

Tennessee. 

HIGHWAYS     UNDER    CONSTRUCTION     IN      [921 

Thickness.        Av.  cost 
Av.  width     Sui  surface 

surfaci 
Miles.  Ft.  In.  in.       Pei  rnlli 

26.52  20  6  s  >::  :  

isphalt 44.60  IS  C,  st..         23.500 

Bituminous   concrete 15  2  sc. 

netration   macadam  209i62            is 
SVaterbound    macadam....     68.95            16             '-'; 
Chert    67.66  16  3  4  

Approximately  $3,500,000  is  now  available  for  highway 
construction  in   1922. 

The  average  unit  contract  prices  for  the  more  common 
items  of  the  1921  construction  are  approximately  as  follows: 

Common    excavation $  o.ii n   cu  yd 

Borrow  ■    i       ition       60  per  cu  yd 

ion    i  'hi  p,  ,-  cu.  yd 

'  Telford  base  course LOO  per  sq,  yd 

2>4-in.    penetration   bituminous   macadam      ui 

I    mix 22.00  per  cu.  yd. 

D.  Q.  McComb,  Nashville,  Tenn..  is  Chief  Engineer  of  the 
State  Highway  Department. 

Alabama. 

During  1921  the  State  Highway  Department  completed  89.2 
miles  of  road  at  a  total  cost  of  $1,000,472.  In  addition  $189.- 
951  was  expended  for  bridges.  The  type  of  roads  and  their 
cost  were  as  follows: 

SAND-CLAY    ROADS    COMPLETED    DURING     1921. 
Miles         Cost  pei 

,v         5  j    1.716 

51     2  7.157 

'"'     :: 

2 

K  -i 

6,850 

GRAVEL    Li  IADS    i'i  i\lll   l.  i  I    i       hi    I'.I.N'i;     1921. 
Prot-  No.  ,  Cosl  per  mile 

80 



2.00 

102     g,401 



8.00 

I  00 

93     

76B    3.00 

11,268 

::  00 

17.917, 

2!     1 1,316 

IITUMINOUS     MACADAM     COMPLETED     DURING 



MACADAM    ROADS 

Mill  s.         Cost  per  mile. 

$ 

7.798 



WARRENITE   BITUL1  RING    1921. 

Miles.        Cost  per  i 



14,870 

CONCRETE   i;i  PAD  COM 

44       

The  above  figures  do  not  include  the  work  done  by  the 
counties  and  which  the  State  Highway  Department  did  not 
supervise.  The  probable  highway  construction  for  1922  in- 
cludes the  following: 
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Tj  i"'  Hili  iinoui        ■■  allable 

Isphall    or  i  oni  retc    10  i  ,6 00 

Bltuminoi      macadan  65  000 

Grave!     180  2,400 

Sai    l-cla  61  350,000 

The  average  unit  bidding  prices  on  the  more  common  items 
of  the   192]   work   were  as   follows: 

Common    excavation    .3       25  pei  cu    yd. 

Solid  rock  excavation,                     1.00  per  cu.   yd 

Clearing  and   grubbing 125.00  per  acre 

22  ii"  per  cu.  yd. 

i  Mass   i                            20.00  per  cu.   yd. 

I8-In     D    s    v.   i '    i i    plai  -              1.60  per  lin.   ft. 

24-in.  1 1.  s    \     C    pipe  in  placi  2.50  per  lln.   ft. 

YV.  S.  Keller.  Montgomery,  Ala.,  is  State  Highway  Engi- 
neer. 

Mississippi. 

The  following  summarizes  ihe  activities  of  the  state  Hlgh- 
..  aj    i  department  in  1921 : 

Total  mileage  of  roads  constructed  will  approximate  332 
miles  of  which  100  miles  consists  of  trading  and  bridging 
only,  preparatory  to  surfacing  at  a  later  date;  200  miles  of 
grading,  bridging  and  gravel  surfacing  ranging  in  width 
from  in  ft.  to  21  ft.:  5  miles  of  waterbound  slag  macadam; 
15  miles  1  course  concrete  ranging  in  width  from  9  ft.  to 
is  M  mill  a  thickness  of  6  in.  at  the  edges  and  8  in.  at  cen- 
ter; 6  miles  of  Kentucky  rock  asphalt  on  a  5-in.  concrete 
base:  and  6  miles  of  vitrified  brick  surfacing  with  bituminous 
filler. 

For  the  year  1922  the  mileage  of  gravel  road  construction 
will  not  be  as  large  as  for  1921.  as  a  larger  percentage  of  the 
Department's  work  will  be  of  a  permanent  hard  surfaced 
type. 

ii.  C.  Dietzer,  Jackson,  .Miss.,  is  state  Highway  Engineer. 


EAST    NORTH    CENTRAL    STATES. 
Ohio. 

Up  to  Nov.  15  the  State  Division  of  Highways  had  paid 
final  estimates  on  fil2  miles  of  road,  about  131  miles  or  which 
were  brick.  118  miles  of  concrete,  15  miles  of  gravel,  about 
33  miles  of  the  higher  types  of  bituminous  pavements,  and 
about  215  miles  of  macadam.  The  average  width  of  the 
lirface  is  probably  16  ft.  and  the  average  thickness  probably 
9  or  10  in. 

The  Division  will  probably  construct  400  or  500  miles  of 
road  in  1922,  the  type  of  which  is  indeterminate  at  the  pres- 
ent time. 

E.  C.  Blosser,  Columbus.  0.,  is  State   Highway  Engineer. 
Indiana. 

During  1921  the  State  Highway  Commission  constructed 
78.64  miles  of  concrete  road  of  an  average  width  of  18  ft., 
and  an  average  thickness  of  6  in.  —  8  in.,  and  3.86  miles  of 
bituminous  concrete.  The  latter  had  an  average  width  of  18 
ft.,  a  2%-in.  surface  and  a  6-in.  base. 

The  program  tor  next  year  is  rather  indefinite  at  this  time 
and  depends  to  a  very  la  rue  extent  on  the  lowness  of  the 
bids  submitted  at  our  first  letting  which  will  probably  be 
held  during  the  middle  of  January. 

('.  Gray,  Indianapolis,  Ind..  is  Chief  Engineer  State  High- 
i  a  j    i  lommission. 

Illinois. 

The  Division  of  Highways  of  the  State  Department  of  Pub- 
lic Works  and  Buildings  built  400  miles  of  concrete  pave- 
ment during  1921.  The  width  of  surface  will  average  18  ft. 
The  thickness  of  the  pavement  is  7  and  8  in.  The  cost  per 
mile  for  grading,  paving,  bridges  and  culverts  will  average 
$28,662. 

If  conditions  are  favorable  the  Division  contemplates  plac- 
ing    1,000    miles   of  pavement  under  contract  next  year;    in 
addition   to   completing   the    mileage    carried    over    trim 
season. 

The  Department  of  Public  Works  and  Buildings  on  Oct. 
25,  1921,  sold  $5,000,000  of  the  $60,000,000  bond  issue.  This, 
together  with  the  Federal  appropriation  to  Illinois,  and  other 
road  funds  available,  will  give  approximately  $35,00(1,000  for 
construction  and  maintenance  purposes  in  1922. 

The  average  unit  prices  for  pavement  received  at  the  let- 
ting on  Nov.  4,  1921,  were  as  follows: 

on    ;     .17    per 

09     pei    sq.   yd. 

■       '  ■     i       '    p 

! 


rnent. 

1  llfford  Older,  Springfield.  111.,  is  Chief  Highway  Engineer 
of  the  Division  of  Highways. 


1 1  ring  and  Contracting  for  January  4,  1922, 


Michigan. 
Tlu-   following    informa  covei      only   contracts   awarded 

by  the  State  Highway  Department  and  does  not  include  the 
;e   on   non-trunk   line   roads   where  the   contracts  were 
awarded  by  the  counties  or  townships: 


16  to  18 

■ 

16    to   1^ 

21., 90S. 10 

i    i,,   20 

31,151.53 

IS  to  20 

•T,  192. 67 

-     -Thickness . 


surface.     Sui 

Miles.  In.  In. 

-  16  .  .  5 

Two  ci  i  3 

16  3  5 

i  m 3  4 

am 16  2%  •!':_. 

Bituminous  surface  treatment 

2  1^  ..  » 

....        41.7                                         2  6 
20                     4  t 



-I -in.  cushion. 
PROB  0        I  RUCTION   IN   1922. 

Type.  Miles. 

ding  and  drainage  structures 

I  >ni  el 135 

T\\  ..  course  gravel 

St"i  i   top 2 

Waterbound  44 

Bituminous   macadam    16 

212 

To    .1       927 

For  1922,   $13,000,000  is  available  for  roads  and   $2,000,000 
for  bridges   of  30-ft.  span   or  oyer. 

Frank   F.  Rogers.  Lansing,   Mich.,   is   State   Highway   Com- 
missioner. 

Wisconsin. 
A  preliminary  compilation  of  the  1921  work  of  the  Wiscon- 
sin Highway   Commission   follows: 


Gravel   ami   macadam.  143 

minous   macadam.  17 

Crete    47 

Brick   2 

Total    ...    602  Av.    $1,590.17 

For    1922.   $15,000,000  is   available.   Alexander  W.   Graham, 
Jefferson  City,   Mo.,  is  State  Highway  Engineer. 
Kansas. 
This  state  constituted  285  miles  of  road  in  1921  at  a  cost 
100.000.     It  is   possible  the   1922  work   will   include  420 
miles  of  road  construction  at  an  estimated  cost  of  $9,500,000. 
M.   W.  Watson,  Topeka,  Kan.,   is   State   Highway   Engineer.' 
North    Dakota. 
HIGHWAY   CONSTRUCTION    IN    1921 
Average 
width             Surface, 
surface.                 In. 
Miles.              Ft. 
Earth    383  24  

(b)  Gravel    surfacing.     102  is  i;   center 

(c)  <  toncrete    2  16  7  centei 

Completed, 
id)  Earth— equivalent  to   (a  I   abo-v 
te)  Gravel  surfacing— about   one-half  of   (b)   above. 
;      Ci  ncrete —  (c)  above. 

The  tabulation  below  is  of  mileage  figures  taken  from  the 
records  of  the  Project  and  Maintenance  Engineer. 

Proposed 
Com-  Under  con-    for  construction  in 
plcted.  struction.   1922.         192.;.         1921. 
.Miles.       Miles.     Miles.      Miles.       Miles 

Grading     565.1         634.fi         604.9         514. S         403.5 

Surfacing    55.5  71.2         299.9         269.1         317.1 

Approximate    cost    in 
units     of     million 

dollars     2'i  4%  3%  3  2?-4  16% 

The  miles  ieported  as  "completed"  are  the  total  of  miles 
of  projects  transferred  to  maintenance.     The   projects  com- 


Av.   cost 

surface 

and  base. 

Per  mile. 

J  4.000 

2,700 

60.000 


Total. 
Miles. 

2.722.9 
1.013.0 


Type. 
a  nd  Surfaced — 

Concrete     

Bituminous    macadam. 

macadam 

i    

Miscellaneous    


S 
100.0 


$3,400,000 
250,009 


"Graded  and  surfaced. 
Graded   ( I 


378  7 
176.0 


$5,877, 

1.200.000 


Miles. 

240.0 
21.0 
33.0 

538.0 

lll.ii 

943  0 


i    Only— 

•Gravel    . .    

ius    


el,    1.177    mil,  - 

Practically  all  the  concrete  surfaces  are  18  ft.  wide,  8  in. 
thick  at  the  center  and  7  in.  thick  at  the  sides. 

The  program  for  1922  construction  will  be  as  large  as  that 
of  1921,  if  not  larger,  especially  in  concrete  roads.  The  pres- 
ent plans  call  for  about  400  miles  of  this  type. 

A.  R.  Hirst,  Madison,  Wis.,   is  State  Highway  Engineer. 


WEST    NORTH    CENTRAL   STATES. 
Minnesota. 
The  work  in  1921   included  89  miles  of  concrete  road.   2G 
mil^s  of  asphaltic  type,  1,000  miles  of  gravel  and  1,200  miles 
of  grading.     The  expenditure  for  construction  was  $9,300,000. 
In  addition   $4,500,000   was   expended   for  maintenance.    The 
program    for   1922    will    be    approximately    the    same    as    for 
last  year.       John  H.  Mullen,   St.   Paul,   Minn.,  is  Chief  Engi- 
neer  State   Highway   Commission. 
Iowa. 


prising  the  634.6  miles  reported  as  "Under  Construction" 
averages  about  80  per  cent  complete. 

The  cost  of  the  projects  "Completed,"  "Under  Construc- 
tion" and  "Proposed  Construction  in  1922"  are  as  financed 
by  state  and  county  funds,  approximately  50  per  cent,  and 
Federal  Aid,  of  the  1916.  1919  and  1921  appropriation  approxi- 
mately 50  per  cent.  (Under  construction  includes  the  Mis- 
souri River  Bridge,  F.  A.  P.  100,  between  Mandan  and  Bis- 
marck, costing  approximately  $1,324,000.)  In  general,  the 
state  has  a  state  highway  fund  of  less  than  $500,000  a  year 
and  the  counties  apply  from  their  own  levies  the  money 
needed  to  meet  Federal  Aid. 

The  miles  reported  as  "Proposed  for  Construction  in  1923" 
and  "in  1924"  are  in  tentative  plan  for  Federal  Aid  expected 
to  be  made  available,  by  later  Congressional  appropriation, 
for  those  years,  counties  of  the  state  having  made  application 


Type. 


OUS    filled    brick     



Bituminous    penetration    macadam. 


HKJHWAY    CONSTRUCTION    IX   1921. 
A\     width 
surface. 


•Both  base  and  top  let  at  one  price.     *  Also  i'-in! 'cushion 
PROBABLE    HIGHWAY    CONSTRUCTION    U 


Miles. 

151.92 

6.111 

1.050.88 
lApp  roxima 


and   20 
'8 


Cen. 
Cen. 
Cen. 


Av.  cost 

Base. 

surface-base 

In. 

per   mile. 

5  and   6 

$5S.100»« 

Edere    7-S 

*0,700 

P0.195 

Edge    n 

2.5O0t 

3.300t 

tapprox.) 

100        $3  500  000 

lished  grade)  1  50n 

500  i'.'ooo'.ooo 

Fred   R.  White,  Ames,   la.,  is  Chief  Engineer  State  High- 
way Commission. 

Missouri. 
HIGHWAY    I  I  :..\-    IX   1921. 


Average 

A  v.    cost, 

width 

surface. 

base. 

Per  mile. 

21 

$  5,006.83 

for  improvement,  projects  and  having  offered  to  provide  for 
half  of  the  cost.  North  Dakota's  allotment  of  Federal  Aid 
is  on  the  basis  of  about  1%  per  cent  so  that  if  Federal  Aid 
be  made  available  to  all  of  the  states  for  the  years  1923  and 
1924  at  the  rate  of  $100,000,000  a  year  more  mileage  than  at 
present  proposed  can  be  financed  on  a  50  per  cent  Federal 
Aid  basis  while  if  the  Federal  Aid  should  continue  to  be 
available,  to  all  of  the  states,  at  the  rate  of  only  $75,000,000 
per  year,  some  of  the  projects  proposed  for  1923  and  1924 
would  need  to  be  postponed  to  1925  in  order  to  receive  50 
per  cent  Federal  Aid. 
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ng  and  Contracting  for  January  i,  1922. 


\\    II.  Robinson,  Bismarck,  N",  Dak.,       Chief  Engineer  and 
Secretary  of  the  State   Highwaj    Co 
South  Dakota. 

The  State   Highway   Department    ha     buill   onlj    earth   and 
gravel    roads;    -1.17    mile  11.83    miles    were 

finished   before    1921    undi      I  Aid   and   234.8   miles  of 

gravel  and  320  miles  of  earth  roads  wei  carried  over  to  las) 
year.  This  work  also  was  mid.  i  Federal  Aid.  A  total  of 
1  ■"•'.*  7.".  miles  "i  gravel  and  274.76  n  Federal    u.i 

roads  were  let  In  1921.     in  addition   1,167  miles  of  Si    I 

earth    lead-    were   tinder    wax    last    year. 

Al t    $2,500, probably    will    be    spent    in    1922    for    read 

construction 

F    W.    Schreil  i  i     Piei  re,   S.  Da  [ighwa 

gineer 

Nebraska. 
HIGHWAY    CI  INSTRUI  ITU  IK    I 

Vv.  ci 

i  .  nia 

I  riles.  surfai  ■ 

Ft  i'  , 

I-::i rt  1 1       362.  II  L'l  1,000 

Gravel  i-.  -i  ,,. 

Conci   te  1.8  1  B  8 

Aboul      is  available   for  highway   construction   in 

1922. 

The    average   unit   contract    prices    in    1921     toi     I 
common  items  of  highway  construction    were: 

Kan  I  %  pi  i        i 

itruction .354  pei    sq    yd.   (4   in.   thick) 

Concrete   construction 3.19  per  sq       ci.  (8  ii 

Concrete  culvert   headwalls 3G.24  pel    eu.   yd. 

Concrw.    box  culverts 32.56  pel    cu 

George  K.  Johnson,  Lincoln,   Neb.,  is  Sei  State  De- 

partment  of   Public   Works. 

WEST    SOUTH    CENTRAL    STATES. 
Arkansas. 
Road  construction  in  1921  included  the  following:   Graded, 
386    miles;    gravel   roads,   1,350   miles;    macadam,    160   miles; 
surface   treated   gravel,   13    miles;    surface   treated    macadam, 
22   miles;    asphaltic   macadam.   44    miles;    asphaltic    concrete, 
208  miles;  cement  concrete,  63  miles.    The  total  expenditure 
was  $22,000,000.     Present  plans   call   for   the   construction    in 
1922  of  about  1,500  miles  and  the  expenditure  of  $12,000,000. 
R.    ('.    Limerick,    Little    Rock,    Ark.,     is    State    Highway 
Engineer. 

Oklahoma. 

During  1921  162  miles  of  highway  were  constructed  by  the 

state  under  Federal  Aid  and  32  miles  were  built  by  counties. 

The  total  estimated  cost  is  $4,847,000.    The  present    program 

for  1922  calls  for  the  construction  of  252   miles   by   the  state 

under    Federal    Aid   at    an    estimated    cost    of    $4,652.1 In 

addition  1i;:i  miles  are  contemplated  at  an  estimated  cost  of 
$3,141,000.  Approximately  $4,000,000  is  available  from  county- 
bond  issues,  and  about  $5,100,000  additional  is  available  from 

and    county    funds.      Bond    issue-    have    I D    \nted    by 

Counties    tor   the   ((instruction   of    150    miles   ol    road. 

Ernest     S.     Alderman,     Oklahoma     City,     okla.,     is     State 
Engineer. 

New   Mexico. 
Approximately    720  miles  of  highwaj    were  built   in  1921  at 
a    total    expenditure   of   J2,740,000.     The    1922    program    calls 
tor  al I   '"i"  miles  and  an  expenditure  of  $3,500,000. 


MOUNTAIN    STATES. 
Montana. 
The  tabulation  below  summarizes  th.    Fedi 
of  this  state  to  Dec.   1.  1921: 


:j 


Nota 

under  con- 
ntrai 

in    1S19.  .    15  96 
cted    in    19;  0 
contracted    in    1921 
Total   all   conti 

a   for  I.  ttine 

>  ppi  oved 

by  the  Secretary  of  Agricul- 

47.7! 
eients  submitted 
aireau     of     Puhlii 

22.S0 

tnents  withdrawn 

St  2       1.73 

prior  to 

1020    

-  ruction    work    ;nv,  i 
1920 


1,305,415 
8,174,912 


te  ol  plished 

executed    oi 

-  ted    

.  045  ri3 

.-■    Hi       tO      I"         li  '  : 





The  average  prices  prevailing  for  work  contracted  during 
the  p  on  as  follows: 

i     mil.  . 

>    mile 

i     yd. 
5.   Intel 
[lock  exi 

'■u.   yd. 
B  concrel  cu.  yd. 

i.  (  rfacii  S2  per  cu 

The  .iists  per  mile  •        re  of  en 

gineering  supervisi.ni   i  hat    e     and  bridges  of  over  20  ft.  span. 

Nearly  all  graded  mads  contracted     b  a       moun- 

construction  and  the  cost.-  are  thus  proportionately  high. 

The  6.5  miles  of  paved  roads  shown  in  the  summary  con- 
sist of  a  2%  in.  bituminous  macadam  surfacing  IS  l'l.  wide 
on  a   I  iii.  crushed  rock  base. 

Prices  shown   for  rock   excavation   and    ('las.-   A    concrete  are 

exclusive  of  those  bridge  contracts  when-  costs  of  concrete 
are  exceptionally  high  due  to  the  fact  thai  excavation  charges 

must   be  absorbed   in   price  bid  for  concrete  and   the  concrete 
was    placed    beneath    the   water   surface. 

John  N.  Edy,  Helena.  .Mont.,  is  Chief  Engineer,  state  High- 
waj   Commission. 

Idaho. 
HIGH  EVA'S    CI  INSTRUCT*  IN    I\    1921 


Typi  Miles. 

Earth    20.8 

i ']  ushi  ii     rock    .  .  ''I,  • 

'  travel    166.  i 


te 


7.K 


Av.  cost 

\\ 

, — Thirl  i 

width 

Surface.   Basi  . 

In.            In. 

0 

18 

...             7 

is 

12,518 

IS 

7 

i  i.  in. 

18 

m       s 

I  2841 

18 

2                 1 

ii,,:,:: 

is 

3t               0 

.    :  ■  , 

( loner  ■!•      wit  ii     bit  umi 

ileus   concrete    surface     11.6 
Bituminou      concreti     ...     11.6 

Ri  ",.,|     concl  .ie 1.5 

\  •  i      pr<    ipitciu:    i n tain   read   In   Salmon    Rivet    Canyon  cost- 

i\  ■  ,     -r.  000    pei     mill       I  tncludi        me    140-ft         eel 

I'H:  and  "in    240  fl    steel  span      ftlncludes  large  numl rete 

indi i        Top "    onlj    on    old   concrel  e    ba 

PKOBAIil.K    HIGHWAY    CONSTRUCTION    IN    1922. 

Mill  s.      \  mount  ■<•■■  a  ilabli 

Earth       30  > 

Pavini      16  i  l 

Gravel  or  crushed  rock 66  :'i:\ 

Ii  should  be  noted  that  the  highway  construction  program 
1 1 H  1922  is  only  figured  on  a  basis  of  what  it  is  felt  can  he 
assured  at  the  present  time  and  does  not  by  any  means  take 
into  account  the  entin-  program  which  it.  is  hoped  to  build 
during  this  coming  year.  The  exact  mileage  has  been  left 
in  abeyance  at  the  present  time  owing  to  the  fact  that  the 
state  is  in. a  taking  up  several  matters  in  regard  to  the  new 
Federal  Aid  act  which  will  make  a  considerable  difference 
to  Idaho  on   mileage  constructed. 

D.  P.  Olson.  Hoise,  Idaho,  is  Director,  Bureau  of  Highways 
ol    State    Department  of  Public   Works. 
Colorado. 
HH3HWA1     C(  INSTRUCTION    IN     192] 


pi 

- 


:i 


surfaci 

surface. 

Ft. 

L6 
16 
20 

In 
E 
6 
6 

PROBABLE    HIGHWA1    CONSTRUCTION    r 

Miles.      Amount  ava 

10  m.OOO 

surfacing    10 



60  600.000 

The  1922  budget  is  not  yet  adopted,  as  information  con- 
cerning probable   construction   during  1922   is   incomplete. 

The  average  unit  prices  for  work  let  by  the  State  Highway 
Department  during  the  first  6  months  of  1921  were  as  follows: 

$75.:  ,.. 

Ex.  mon,  per  cu.  yd '< 

1.8273 

0.651 

Sand  cu  cu.  yd 2.70 

houldi  ii    yd 2.8S5 

1 

Gravel,    per  cu.   yd 2.5772 

per   'M     yd  2.37 

Cemei  per  cu  2.742 

St.  i  1.958 

'in  i       a 2.925 

•    yd 28.36 

Stat.  d     pi  r   in.    yd 26.605 

'1 26.605 
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Engineering  and  Contracting  for  January  4,  1922. 


State  cemenl    Furnished,   per  cu.   yd 26.62 

Reinforcement,   per  lb 0.1027 

Cemi  '   i  s .  pei   cu.  yd  11.776 

Dry  rubb per  cu.  yd .',.27:' 

Concrete  culverts,    is  in.,   pei   lin    n  3,446 

l  '"ii.  i  ete  cu  per  It:  5.438 

Vitrified  drain,  n  in.,  per  lin.   ft 0.93 

Vitrified  claj    pipe,   12  in.,  per  lin.   ft 1.50 

.  metal  pipe,  12  in.,  per  lin.  ft 2.257 

Corrugated  n  LB  in.,  per  lin.  ft 2.541 

CorruK a  i  pe,   18  In.,  per  lin.  11 2.92 

Corrugated  metal  pipe,  21  in.,  per  lin,  ft.  ::.395 

Corrugated  metal  pipe,  24  In.,  per  lin.  ft 3.759 

Con i  pipe,  30  hi     pei   lin    fl 4.716 

Corrugated  metal  pipe,  36  In.,  pel    lin    (1         5.802 

Corrugated  metal  pipe,    18  in.    per  lin.  ft 5.802 

[lings,  i"  r  lin.  (t 2.20 

Timber  piling,   per  lin.  tt 1.449 

Structural  steel,   per  lb 0.1073 

Timber    per  M.   ft.   B 79.997 

Corrugated  metal  siphons,   15  in.,  per  lin.   ft 3.074 

netal  siphons,   IS  in.,  per  lin.   it.     . .  3.46 

fori  imni.-.l  metal     iphon       24    in.,   per  1  in.   ft 4.426 

Rock  fill,  pi  r  ™.   yd 2.656 

Rip  rap,   per   sq.    yd 1.94 

Slope  pi  i    sq.   \  .1 

Cast    iron,    per   IP 0.1567 

L.  D.  Blauvelt.   Denver.   Colo.,  is  State   Highway   Engineer. 

Arizona. 

HIGHWAY  CONSTRUCTION    IN    1921 

\\  erage  Thickness.  ,\  ve.   cost 

width  Sur-  surface 

surface.  tace.     1  tase  a  nd   bast 

Tvpe.                        .Miles                   Ft.  In.         In.  Per   mile 

r,,ncr«te  pvt. . ..            37                1"'.  and  IS                  6  $30,000 

Asphalt    con 3                       is                  2           I  25.000 

'  travel   ..! 250  18  6  i, 

•To  $75,000  In  heavy  mountain  work. 

About  $3,000,000,  including  State.  Federal  Aid  and  County 
funds,  is  available  for  highway  construction  in  1922.  The 
probable  program  includes  300  miles  of  gravel  road,  and  12 
miles  of  pavement. 

Thomas  Maddock,  Phoenix,  Ariz.,  is  State  Highway  En- 
gineer. 

Utah. 

In  1921  132.6  miles  of  highway  were  constructed  at  a  cost 

of  $1,393,415.      The    approximate    probable    mileage    for    1922 

is  101.8,  of  which  75  per  cent  will  be  of  the  hard  surface  type. 

About  $2,100,000  is  available  for  this  year. 

Nevada. 

HIGHWAY  CONSTRUCTION   IN   1921. 

, Surface ,     Average      Average 

Av.  width  Thick-        cost  cost 

roadway.  Width,    ness.       surface.         proiect. 
Type.  Miles.  Ft.  Ft.  In.         Permile.        Ter  mile. 

Concrete     ...     14.3  21  15  6  $35, D  542,000 

Gravel     22.1  21  15  5  5.000  12, 

BABLE    HIGHWAY   CONSTRUCTION    IN    1922 

Concrete,    miles 22.8 

Gravel   or  crushed    rock,    miles 179.0 

Surfacing  with  gravel  oi   projects   new  graded,   miles 29.0 

Probable  am    unl    available   $2,500,000 

The  1-921  construction  program  was  very  small  on  account 
of  lack  of  funds.  The  new  Federal  Highway  Lawr  makes  pos- 
sible a  much  larger  program  for  1922. 

G.  W.  Borden,  Carson  City,  Nev.,  is  acting  State  Highway 
Engineer. 

Wyoming. 

During  192]  the  State  Highway  Department  expended 
$2,200,000  for  construction  and  $300,000  for  maintenance.  The 
mileage   constructed   was   as    follows 


«  i.i.  ii  1 1114    S    ft.    cone. 

pa\  •  nient    to    16    ft..      11.72 
Gravel    surface    upon 

earth    read    41.40 


13.200 
2,800 


dlb 


I.. 


Typi                                         Mile  .  Ft. 

1.2  16  6  V, 

1  :n  'i  IG  i;  i.. 

!  ck i30.0  24 

The  program  for  1922  lias  not  yet   been  determined.     I  low 

ever,  $2,200,000  is  available  for  construction  and   $200, for 

maintenance 


PACIFIC    COAST    STATES. 

California. 

WORK    CONTRACTED    Ia    1921    BY    CALIFORNIA    HIGHWAY 

I   .1   .IISS.ll  i.N 

Length,  width.       thickness 

Typi  i  Ft,  i,, 

. 
Bituminized  macadai  16  i; 

Asphalt   conci 

271.1"  21-24  .  .  .1  |\n,i 

VCING    VND   WIDENING 

'-'      In.)  1.00  in  100 

shoulders 

II  75g 

oncrete 
base 


:.M..st  of  these  contracts  also  include  the  srading.  IMostly 
mountain  sections  U  in.  2nd  story  on  old  base,  s  in.  shoulders. 
§  Including  shouldei  s 

In  addition  to  the  above  operations,  the  commission  has 
authorized  during  the  year  the  construction  of  26  bridges  of 
different  types,  the  majority  being  reinforced  concrete  type, 
with  lengths  varying  from  1,178  ft.  to  60  ft.  span. 

PROBABLE  WORK  TO  BE  CONTRACTED  DURING  1922. 

Length. 

I  >!"•■  Miles  Estimated  cost. 

Grading   and    paving    277.59 

Gi  ..line   and   surfacing    301.35  $13,000,000 

Work  under  way  on  Jan.  1,  1922,  will  probably  bring  total 
expenditures  during. the  year  in  excess  of  $15,000,000. 

AVERAGE  UNIT  CONTRACT  PRICES. 

I- r.  Material.  Total. 

l>  1"  Per  cu.  yd.  Per  cu.  yd.  Per.  eu.  vd. 

5  in.  x  15  ft.   reinforced  concrete  base  8.05  10.29  IS. 34 

Reinforced   concrete    culverts 22. K2  11.30  33.92 

Excavation    without    classification...    1.00  1.00 

Austin  B.  Fletcher,  Sacramento,  Calif.,  is  State  Highway 
Engineer. 

Oregon. 
HIGHWAY  CONSTRUCTION  IN  1921. 


Type.  Miles 

.    in.    cement   concrete 51 

5    in.    bituminous   concrete..   125 

Metal   surfacing    44  I 

Grading    450 


Averager-Thickness— n 
width  Surface.  Base, 
surface.       In.        In. 


Ave.  cost 

surface 

and  base. 

Per  mile. 

$30,000 

30,000 

6.000 

15.000 


It  is  not  possible  at  present  to  give  the  mileage  of  probable 
construction  during  1922.  However,  there  remains  to  be  ex- 
pended under  existing  contracts  the  sum  of  approximately 
$6,000,000.  It  is  probable  that  the  same  amount  in  new  con- 
tracts will  be  awarded  for  1922  construction. 

The  average  contract  price  on  the  more  important  items 
of  construction   have  been   as   follows: 

Common   excavation,   per  cu.    vd ^     .30 

intermediate  excavation,  per  cu.    yd 60 

.Solid  rock  excavation,  per  cu.  yd 1.09 

Overhaul,   per  sta.    yd 05 

12-in.  culvert  pipe,   per  lin.   ft 1.90 

lS-in.   culvert  pipe,   per  lin.   ft J 2.75 

24-in.    culvert    pipe,    per   lin.    ft 3.75 

30-in.   culvert   pipe,   per  lin.    ft 5.00 

36-in.    culvert   pipe,    per  lin.    ft 6.50 

1  :2.  I   concrete  for  box  culverts,  per  cu.   \il 25.00 

Metal   reinforcement,    per   lb 09 

Broken   stone  or  gravel  surfacing,   per  cu.   yd 1.75 

7-in.   cement  concrete  pavement,  per  so.   yd 2.50 

5-in.  asphalt  concrete  pavement,  per  cu.  yd 1.80 

Herbert  Munn,  Salem,  Ore.,  is  State  Highway  Engineer. 

Washington. 

HIGHWAY  CONSTRUCTION  IN  1921. 


Ave.  cost 

surface 

and  base. 

Per  mile. 

$30,000 

♦3,680 

10.000 

tl78,000 


Average  ^-Thickness- 
width     Surface.  Base. 
Type.  Miles,  surface.        In.         In. 

Concrete    46         18.  20  1-course  7%,  6 

Crushed    rock 86  14    1-course      7 

Grading    70 

I  li  idgea    

•Surfacing"  only.     tTotal   br.    const. 

The  amount  available  for  1922  construction  is  $6,500,000, 
of  which  $1,250,000  is  for  major  bridges,  $2,250,000  for  70 
miles  of  concrete  and  the  remainder  for  crushed  rock  roads 
and  for  grading. 

.lames     Allen,     Olympia,     Wash.,     is     State     Supervisor     of. 

I I  ighways. 


Nearly  50  Miles  of  Bridges  Built  by  Government  Aid. — 
More  than  $8,525,000  has  been  expended  by  the  Federal  Gov- 
ernment, through  the  Bureau  of  Public  Roads.  United  States 
Department  of  Agriculture,  toward  the  building  of  bridges 
on  Federal-aid  roads  and  highways  in  35  states  during  the 
l  years  and  4  months  ending  Nov.  1  last.  That  period  dates 
back  to  the  inception  of  the  Federal-aid  road  work  as  at 
present  supervised.  Placed  end  to  end,  these  bridges,  each 
of  which  has  been  constructed  in  connection  with  the  road 
work,  would  total  47.4  miles.  Their  estimated  total  cost  is 
plated  by  the  department  at  $20,235,200.13.  It  will  thus  be 
seen  that  approximately  42  per  cent  of  the  total  cost  was 
contributed  by  the  Federal  Government.  The  location  of 
some  of  the  chief  projects  and  their  total  cost  was  as  follows: 
Georgia,  $2,950,474;  New  Jersey,  $5,108,402;  North  Dakota. 
$1,306,384;  Oklahoma.  $2,280,769;  South  Carolina,  $1,404,278; 
and    Texas,    $809,967. 


(10) 


g  and  Contracting  for  January  I,  :■- 


1! 


Methods  of  Lighting   Concrete   Road 
Construction  at  Night 

By  R    I     BERNATH, 
County    Surveyor,    Waliseon     Fu 
Realization   that  the  public   would   be   largelj    benefited   if 
paved  roads  were  constructed  faster  and  also  that  contractors 
would  have  an  opportunity  to  maki  In  a  season 

has    led    to    the    introduction    ol  d-building    outfits. 

which  under  favorable  conditions  do  turn   oul    much  greater 
mileag  •  r   method    of   Increai  Ing    outpul    using   the 

equipment  on  hand  appealed  to  the  on  the  Wau- 


The  outputs  oi  the  two  shifts  were  about  the  same,  although 
the  afternoon  shift  sometimes  succeeded  In  going  beyond  the 
mark  set  in  the  morning  Work  was  not  Stopped  for  lunch, 
but  the  men  ate  pari  at  a  time  as  they  could  be 
Laborers  were  drawn  from  the  neighborhood  and  were  largely 
ers    or    men    from    the    town    ol    Wauseoii    who    were    not 

abb'  to  follow  then-  occupations  because  of  the  prevailing 
business  depression.  They  were  allowed  io  change  shifts 
weekly  if  they  so  desired,  and  no  objection  was  raised  to 
'.lie  unusual  hours. 

When  the  2-shifl  plan  was  first  put  into  effect,  daylight 
lasted  almost  throughout  the  16-hour  period,  and  a  few  auto- 
mobile lamps  added  sufficient   illumination.     Later  it  became 


Night  Scene  on  Construction  of  the   Bryan-Wa 
seon-Bryan   Road  as  being  entirely    practical,   and    they   pro- 
ceeded to  put  it  into  practice.     Their  plan   was  to  keep  the 
mixer  operating  for  16  hours  a  day,  using  two  8-hour  shifts. 

Concreting  was  begun  on  July  7  by  Lewis  &  Copeland  of 
Lima,  O.,  who  were  contractors  for  the  6-mile  job.  Materials 
were  hauled  from  the  unloading  station  in  large  trucks  and 
stored  on  the  subgrade  ahead  of  the  mixer. 

At  first  a  single  shift  was  used.  About  two  weeks  later 
another  crew  was  added,  and  the  hours  changed  so  that  one 
gang  worked  from  4  A.  M.  until  noon,  while  the  second 
worked  from  noon  until  8  P.  M.  A  third  shift  consisting  of 
only  three  men  was  on  duty  for  the  remaining  8  hours  of  the 
night:  one  of  these  men  sprinkled  the  curing  concrete,  a  sec- 
ond was  on  duty  at  the  pump,  while  the  third  edged  the  new 
slab,  cleaned  and  oiled  the  mixer  and  did  various  odd  jobs. 

On  good  days,  the  combined  output  of  the  two  crews  was 
from  650  to  700  lin.  ft.  of  16-ft.  reinforced  slab  having  a  uni- 
form thickness  of  8  in.  This  is  pra<  tically  double  the  amount 
of  pavement  placed  with  the  sinsjb  gang.  The  mixer  was 
a  14  E  Multifoote  machine  in  whicl  3  sack  batch  of  l:l%:3 
concrete  was  mixed  at  a  time. 


useon   Concrete   Road    in    Fulton    County,   Ohio. 

necessary  to  have  the  work  more  fully  lighted,  so  that  the 
contractors  purchased  a  750-watt  Willys  light  plant,  con- 
sisting of  an  engine-generator  unit  and  a  storage  battery. 
This  set  was  mounted  on  a  bracket  at  the  left  side  of  the 
mixer.  The  engine  could  develop  about  1%  H.P.,  and  the 
generator  supplied   electric  current    at   32  volts. 

Illumination  around  the   mixer  for  a  radius  of  50  to  7."    ft 
was   furnished   by   four   cluster  lights,    each   having   tv. 
watt   bulbs.     These  are  known  as   Mazda  lights  with  guards, 
which  means  that  the  filament  in  each  is  very  short  and   is 
held  in  place  by  two  small  wires.     Because  of  the  vibration 
of  the  mixer,  this  type  of  filament  is  necessary.     One  ! 
light   could   be   used   instead   of   the   two,   but   the   large-size 
bulbs  are   more  expensive   in   proportion    to   the   illumination 
furnished.      Four    9-volt    automobile    spot    lights     were 
mounted  on  the  mixer  frame  as  shown  in  one  of  the  photo- 
graphs.    One  of  these  in  front  was  thrown  upon  the  left  line 
of  forms   100   to   150   ft.  ahead,   while   the  other  was   turned 
upon    the    materials,    which    were    stored    on    the    right    side 
of  the  road.    The  two  lights  at  the  rear  of  the  mixer  illumi- 
nated the  newly  placed  slab  for  the  finishers.    The  four  spot 
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lights  were  connected  in  series,  while  the  50-watt  bulbs  were 
in  parallel.  The  sockets  for  the  latter  can  be  seen  just 
below  the  spot  lights  in  the  photographs,  but  the  bulbs  them- 
selves were  removed  when  not  in  actual  use.  They  were 
protected  by  wire  guards. 

A  ninth  50- watt  bulb  on  a  20-ft.  extension  was  used  as  a 
trouble-light;  it  had  a  switch  of  its  own  while  all  the  other 
lights  were  on  a  master  switch.  It  was  needed  in  cleaning 
and  oiling  the  mixer  at  night,  and  frequently  was  used  by 
the  Eormsetters,  who  had  to  set  the  right  form  just  ahead 
of  the  mixer  because  materials  were  piled  on  that  side  of 
the  road. 

The  generator  was  operated  for  about  six  hours  a  day.  and 
the  storage  battery  relied  upon  for  the  remaining  time  when 
light  was  needed.     The  generator  was  able  to   supply  elec- 


Light   Plant   on    Side   of   Mixer.     Drop    Light   Sockets   Can    Be   Seen 
Below    Spotlights. 

tricity  for  the  entire  lighting  circuit  and  to  charge  the  bat- 
tery at  the  same  time;  the  latter  could  operate  the  lights  for 
six  hours  if  necessary. 

Every  1,500  lin.  ft.,  a  standard  6-in.  by  12-in.  cylinder  was 
made  of  concrete  taken  from  the  subgrade.  This  was  then 
shipped  to  the  State  Highway  Testing  Laboratory  at  Colum- 
bus for  testing  at  28  days.  Slump  tests  were  made  at  fre- 
quent intervals,  using  the  12-in.  truncated  cone  with  8-in. 
base  and  4-in.  top.  As  the  work  was  hand-finished,  a  slump 
of  about  2  in.  was  allowed. 

In  the  construction  of  the  6.3  miles  of  pavement,  109  car 
loads  of  cement,  averaging  223.3  bbls.  to  the  car,  were  used. 
The  concrete  is  a  1:1% :3  mixture,  containing  1.91  bbl.  cement 
to  the  cubic  yard  of  concrete. 

Two  inspectors  were  used  on  the  work — one  for  each  shift. 
J.  P.  Shumaker.  Division  Engineer  at  Lima,  was  in  charge 
of  the  job  for  the  State  Division  of  Highways,  and  the  writer 
served  as  Resident  Engineer. 


Pennsylvania  Lets  $55,000,000  of  Road  Contracts  in  4  Years. 
—According  to  the  annual  report  of  the  State  Highway  De- 
partment of  Pennsylvania,  covering  the  years  1917,  1918, 
1919  and  1920,  the  department  in  these  four  years  let  con- 
tracts for  road  construction  totaling  $55, 207,923. 


Modified  Telford  Base  for  Tennessee 
Highways 

A  modified  telford  base  is  now  being  used  by  the  Tennes- 
see State  Highway  Department  of  which  D.  Q.  McComb  is 
Chief  Engineer,  on  some  of  its  hefevy  traffic  highways.  This 
base  is  still  in  the  process  of  development,  as  it  has  not  been 
possible  to  secure,  up  to  the  present  time,  just  as  smooth  a 
surface  as  could  be  desired.  With  this  single  excep- 
tion, however,  the  Department  is  well  pleased  with  the  re- 
sults it  is  now  obtaining  in  the  construction  of  this  class  of. 
base,  and  has  practically  adopted  this  type  of  construction 
throughout  the  State,  with  the  exception  possibly  of  the 
extreme  western  portion  of  Tennessee,  where  no  rock  is 
encountered. 

The  method  of  constructing  this  base  is  set  forth  so  clearly 
in  the  specifications  that  we  are  quoting  them  below. 
HAND-PLACED    COARSE    STONE    BASE, 
Description. — This    base    course    shall    consist    of    a    foundation 
course  not  less  than  8  in.  in  depth,  after  compaction,  constructed 
upon    the     prepared     subgrade,     of    large       stones,      hand-placed, 
sledged,    well    interlocked    and   wedged    in    place   by  smaller  stones, 
and    the    surface   made   smooth    and    uniform   by    the   addition    of 
crushed   stone   or  gravel,   in  accordance   with   these  specifications. 
This    base    course   is   designed    for   use   under   plain   waterbound 
macadam,     bituminous    macadam,    rock    asphalt    and    bituminous 
concrete   surfaces,    and   other   types   of   similar   character. 

Materials. — The  material  for  this  course  shall  consist  of  ap- 
proved field  or  quarry  stone,  free  from  thin  or  slabby  pieces, 
and  free  from  disintegrated  or  unsound  stone,  clay,  or  other 
deleterious  substances.  The  average  depth  of  the  larger  stones, 
before  napping,  shall  be  only  slightly  less  than  the  depth  of  the 
finished  base  course.  The  maximum  width  of  the  larger  stones 
shall  be  not  more  than  10  in.  and  the  maximum  length  not  more 
than   16   in. 

Method  of  Construction. — After  the  subgrade  has  been  pre- 
pared as  specified,  wooden  blocks  whose  heights  are  equal  to  the 
required  depth  of  loose  stone,  shall  be  placed  thereon  at  suffi- 
cient intervals  to  insure  a  uniform  depth  of  the  base  course.  Be- 
fore rolling,  these  blocks  shall  be  removed  and  the  spaces  occu- 
pied by  them  shall  be  filled  with  stone  of  the  proper  size  and 
quality.  The  field  or  quarry  stone  shall  not  be  dumped  directly 
in  place,  but  each  large  stone  shall  be  placed  by  hand  with  the 
broad  edge  down  and  with  the  longer  dimension  at  right  angles 
to  the  center  line  of  the  roadway.  They  shall  be  laid  perpen- 
dicular to  the  road  surface,  in  close  contact,  and  breaking  joints 
insofar  as  is  possible.  The  hand-placed  stone  shall  then  be 
sledged  and  broken  in  such  manner  that  no  flat  or  large  rock 
surfaces  or  long  edges  of  the  hand-placed  stone  appear  at  the 
surface.  All  projecting  points  shall  be  napped  off  in  such  manner 
that  the  tops  of  the  largest  fragments  shall  be  slightly  below 
the  elevation  of  the  surface  of  the  finished  base  course.  The 
larger  interstices  shall  be  filled  with  spalls  resulting  from  the 
sledging  and  napping,  re-distributed  by  hand  as  may  be  neces- 
sary to  secure  an  even,  uniform  surface  conforming  to  line  and 
cross-sections  given.  After  the  larger  voids  have  been  filled  with 
the  smaller  stone,  as  above  described,  the  course  shall  be  rolled 
with  an  approved  roller  weighing  not  less  than  10  tons  until  all 
stones  are  well  bedded  and  tightly  keyed  together.  Crushed 
stone  or  selected  gravel,  subject  to  the  approval  of  the  engineer, 
shall  then  be  added  to  the  course  in  sufficient  quantities  and  in 
such  a  manner  as  to  fill  all  remaining  voids  and  even  up  all 
depression,  after  which  the  course  shall  again  be  rolled.  The 
addition  of  crushed  stone  or  gravel  shall  continue  until  the  base 
course  is  thoroughly  filled  and  compacted  and  a  surface  is  pro- 
duced that  is  true  to  the  lines,  grades,  and  cross-sections  given. 
When  a  rock  asphalt  surface  course  is  specified,  this  course 
shall  be  followed,  immediately  prior  to  the  application  of  the 
rock  asphalt,  by  a  layer  of  crushed  stone  meeting  the  requirements 
of  No.  3  stone.  This  layer  shall  have  an  average  depth  of  1%,  in. 
after  compaction,  and  shall  conform  to  the  grades  and  cross- 
sections  specified.  It  shall  be  rolled  until  thoroughly  compacted 
with  an  approved  roller  weighing  not  less  than  10  tons.  Any 
irregularities  appearing  in  the  surface  due  to  the  rolling  or  other 
causes  shall  be  remedied  by  the  loosening  and  removal  or  addi- 
tion of  the  No.  3  stone,  after  which  the  surface  shall  again  be 
rolled  to  compaction.  No  traffic  shall  then  be  allowed  on  the 
completed  surface  prior  to  the  application  of  the  rock  asphalt 
surface    course. 

For  all  other  types  of  surface  courses  the  layer  of  No.  3  stone 
shall  be  omitted,  and,  when  so  directed  by  the  engineer,  water 
shall  be  sprinkled  over  the  surface  in  such  amounts  as  may  be 
directed,  when  the  finer  stone  or  gravel  is  applied.  All  holes 
or  depressions  produced  by  rolling  or  otherwise  shall  be  filled 
with  acceptable  material  and  the  surface  re-rolled  until  it  is 
thoroughly  compacted  and  is  uniform  with  the  surrounding  sur- 
face. 

The  napping,  choking,  watering  and  rolling  of  this  course  Shall 
proceed  within  1,200  ft.  of  the  laying  of  the  hand-placed  stone 
except   upon   written   permission   of  the   engineer. 
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Resume  of  Federal  Aid  Work  and  Future  Policies 

Address  by  Thomas    H.   MacDonald,   Chief,    Bureau    of    Public    Roads,   Presented  at  the    Meeting  of 
the  Association  of  State  Highway  Officials,  Held  at  Omaha,  Neb.,  Dec.  5  to  8. 


That  which  lias  been  accomplished  through  the  co-opera- 
tive effort!  of  the  States  and  the  Bureau,  though  it  is  of 
large  consequence,  In  a  comparative  sense  becomes  but  the 
background    against   which   the   new,    the    largei    picture,   ol 

th.'   future   accomplishments,    is    projected. 

We  comprehend  now  as  we  have  not  understood  in  the 
past,  the  Influence  exerted  upon  our  national  life  by  transpor 
tation.  it  is  the  factor  we  And  now  interposed  between  sup- 
ply   and    demand,    between    the    Btarvi]  is    and    food 

supplies,  between  producer  and  consumer,     it    Is   the  factor 
whose  parates,  and  whose  presence  ties  together 

communities,  stales,  and  the  nation  as  a  whole.  To  supply 
adequate  and  inn-cased  transportation  facilities  Is  the  m 
which  has  influenced  the  American  people  to  increase  the 
number  of  motor  vehicles  in  use  since  1910  more  than  1,800 
per  cent.  To  provide  the  complement  of  the  motor  vehicle." 
the  improved  highway,  is  the  underlying  reason  why  the 
larger  funds  have  been  made  available  from  State  and  Fed- 
eral sources.  The  proper  combination  of  these  two  to  serve 
a  definite  purpose  in  the  nation's  economj  -this  is  highway 
transportation   in  the   making. 

Motor  Vehicle  Registration  and  Highway  Funds. 
enlightening  than  any  statistical  quotation  is  the  graphic 
picture  of  motor  vehicle  registration  and  highway  funds 
The  widespread  opposition  to  State  programs  of  highway 
building  during  the  years  from  1910  to  1916  when  motor 
vehicles  were  pyramiding  at  an  unforeseen  rate,  the  In 
creased  funds  made  available  following  the  Federal  Aid 
act  of  1916,  the  stagnation  of  actual  expenditures  during  1917 
and  1;*1S,  the  competition  of  industry  of  1919  for  materials, 
labor,  and  even  more  important,  for  rail  transportation — all 
these  have  played  a  major  part  in  producing  the  wide  differ- 
ence between  the  improved  highways  demanded  b\    '.•.:'.•>'». 

motor  vehicles  and  the  actual  new  miba-,    nm   tin,  t.-il 

The  record  for  1920  and  1921  is  better,  but  lel  each  State 
highway  department  make  plain  to  the  people  of  its  State 
that  for  less  than  three  years  of  the  past  five  since  large 
funds  became  available,  have  conditions  permitted  highway 
construction  on  an  increasing  scale.  The  facts  which  are 
true  of  construction  are  true  also  of  maintenance. 

The  charted  figures  of  expenditures  are  not  exact,  yet  such 
error  as  exists  lies  principally  in  those  funds  which  are 
raised  and  used  locally  and  which  do  not  reach  the  prin- 
cipal highways  or  result  in  more  than  haphazard  repairs  of 
local  roads.  For  the  past  several  years,  since  every  State 
has  had  a  highway  department,  the  figures  are  substantially 
correct  as  to  all  funds  which  are  a  factor  in  this  discussion. 

The  conclusions  are   self-evident. 

1.  During  the  period  1910-1921,  the  potential  number  of 
motor  vehicles  demanding  highway  service  increased  more 
than  1,800  per  cent;  our  actual  expenditures  for  construction 
and  maintenance  increased  about  400   per   cent 

2.  During  the  period  1910-1918,  motor  vehicles  increased 
more  than  1,100  per  cent,  highway  expenditures  about  140 
per  cent. 

3.  During  the  period  of  1918-1921,  motor  vehicles  increased 
about  700  per  cent,  and  highway  expenditures  about  260  per 
cent  of  the  1910  figures. 

But  even  these  figures  do  not  truly  represent  the  differen- 
tial between  the  demands  for  highway  service  and  our  actual 
production.  Without  attempting  impossible  refinements,  if 
the  cost  index  of  1918  be  taken  at  two  and  that  of  1910  at 
one,  the  actual  increase  in  production  of  1918  over  1910  was 
only  20  per  cent,  and  if  the  index  for  1921  is  taken  at  1%, 
the  actual  increase  in  production  of  1921  is  only  about  233 
per  cent  over  the  1910  figure.  That  is.  taken  as  a  national 
aggregate,  the  number  of  motor  vehicles,  all  at  least  poten- 
tial users  of  the  highways  in  some  degree,  has  increased 
in  11  years  since  1910  more  than  is  times.  Our  greatest 
annual  production  of  serviceable  highways  measured  by  the 
construction  and  maintenance  expenditures  has  been  not 
more  than  two  and  one-third  times  the  production  of  1910, 
and  it  has  been  only  within  the  past  three  years  that  pro- 
duction has  gone  forward  at  a  rate  approximating  the  max- 
imum. 

It  seems  to  me  a  duty  as  well  as  a  very  great  privilege  to 


bring  before  you  this  viewpoint,  clearly  defined  against   the 

round  of  tact,  of  our  progress  in  the  developmei 
highway , transportation  and  of  the  relationship  of  the  high- 
waj  organizations,  state  and  Federal,  to  this  development. 
The  Opportunities  of  Highway  Engineers.  -Those  who  are 
a  pari  ol  these  organizations  have  the  good  fortune  to  be 
engaged  In  their  chosen  field  when  the  greatest  development 

that    can    ever   come    is    taking    place.      The    first    tWO   Or 
years  ol   something  more  than  a  decade  of  major  road  build- 
ing  have    passed.      What    has    gone    before    has    been   largely 
preparatory     a  period  of  organization.     What  will  come  after 


Motor   Vehicle    Registration    and    Highway    Funds. 

— perhaps  10,  perhaps  15  years  later — must  by  then  be 
largely  standardized,  largely  routine.  The  highway  organiza- 
tions that  come  after  will  not  have  such  opportunities  to  ren- 
der good,  or,  equally  true,  bad  services,  or  be  able  to  prog- 
ress so  far  in  a  limited  time  in  advancing  highway  engineer- 
ing and  administration,  and  in  combining  the  motor  vehicle 
and  improved  highways  into  scientific  highway  transporta- 
tion. 

This  body  of  individuals  and  their  associates  will  deter 
mine  the  efficiency  of  the  highway  system  of  the  future 
Ajre  J  ou  accepting  the  responsibility?  Do  you  say  to  yourself 
seriously  and  thoughtfully,  "Upon  my  efforts  in  a  large  de 
gree  depend  the  future  service  the  highways  will  render? 
If  I  yield  to  political  pressure,  to  selfish  interests,  to  some 
stubborn  opposition,  and  fail  to  plan  and  to  build  the  high- 
ways the  people  of  my  State  ought  to  have,  not  only  the 
present  but  succeeding  generations  must  suffer." 

This  organization  must  awaken  to  a  responsibility  of  plac- 


(13) 


14 


Engim  ering  and  Gontrai  ting  for  January  4,  192k 


ing  before  the  public  at  large  the  real  facts  concerning  high- 
ways and  their  relationship  to  highway  transportation  serv- 
ice! It  must  speak  with  authority  and  emphasis.  It  must 
take  upon  itself  the  serious  responsibility  of  leadership  in 
directing  public  thought  and  education,  not  by  the  arrogant 
methods  of  the  demagogues,  but  by  intelligent  dissemination 
of  facts  and  principles  founded  upon  knowledge  and  experi- 
ence. Nothing  as  big  as  the  highway  improvement 
program  now  actually  under  way  is  safe  from  attack 
through  selfish,  short-sighted  or  ignorant  motives.  Nothing 
will  carry  on  the  spirit  and  interest  of  the  public  through 
the  long  period  ahead  except  an  appreciation  and  a  belief 
in  the  integrity  and   usefulness  of  the  results  accomplished. 

I  do  not  wish  to  fail  in  showing  my  belief  and  enthusiasm 
in  the  possibilities  and  opportunities  that  lie  ahead  of  the 
highway  organizations.  But  I  wish  less  to  fail  to  place  upon 
the  conscience  of  each  individual,  regardless  of  the  rank  he 
holds,  his  responsibility.  1  want  to  see  this  organization  ac- 
cept the  fact  that  the  success  of  the  future  highway  program 
is  dependent  upon  the  character  and  ideals  maintained  by  the 
component  forces,  and  that  the  failure  of  any  one  of  these, 
Federal  or  State,  reacts  adversely  upon  the  whole. 

Progress  in  Past  Two  Years  in  Highway  Improvements  — 
It  is  not  possible  to  define  for  a  definite  period  of  time  the 
exact  progress  made  for  the  United  States  as  a  whole,  for 
there  is  no  fixed  point  common  to  all  the  States.  Yet,  from 
the  standpoint  of  highway  service,  I  list  our  outstanding 
progress  for  the  past  two  years  in  this  order. 

1.  The  increased  highway  service  made  possible  through 
the  establishment  of  proper  methods  and  the  expenditure  of 
more  adequate  funds  for  maintenance. 

2.  The  increased  highway  service  resulting  from  new  con- 
struction. 

3.  The  adoption  and  enforcement  of  better  engineering 
standards. 

4.  The  improvement  in  the  administration  of  highways 
as  a  public  utility. 

Although  the  new  construction  has  been  very  large,  the 
mileage  of  highways  of  all  types  that  have  been  brought  to 
a  serviceable  condition  or  restored  after  a  period  of  inade- 
quate repair,  is  still  greater.  The  outstanding  results  secured 
from  the  distribution  of  the  large  quantities  of  war  surplus 
materials  and  equipment  are  found  in  the  better  and  more 
extensive  highway  maintenance  made  possible.  The  Bureau 
estimates  that  by  the  end  of  the  year  war  surplus  to  the 
amount  of  approximately  $150,000,000  in  value  will  have  been 
distributed  for  use  in  highway  improvement. 

Mileage,  Types  and  Cost  of  Federal  Aid  Projects. — Without 
the  details  by  states,  as  a  national  program  the  following 
shows  the  progress  by  years  in  placing  new  road  work  under 
way. 

f:cderal  aid  projects  under  construction  and 
completed— by  calendar  years. 

Estimated  Cost.  Federal  Aid.  Miles. 

Calendar  Ac-  Ac- 

Years.       For  year,     cumulated.     For  year,  cumulated.  For  yr.     Ac. 
Previ   us 
to  &  inc. 
191S     ...$18,088,000  $  IS, OSS. 000  $  7.568,250  $ 

1919  ...119,746,270  137,834,270  52,210.105 

1920  ...212,292.815  350,127,085  89.904,752 

1     141.362,865     491,489,950     59,900,615     209,583.72: 
On  Nov.  1,  1921,  our  records  showed  the  following  mileage 
and   costs   of  roads  completed  and  under  agreement: 


7,568.250 
59,778,355 

119.683,107 


1,706 
8,071 
11,754 


1,706 
9,777 
21.531 


6,986     28,517 


Type.  Total. 

mil    drained    $55,704,253 

lay    22.221    162 

Gravel     104,61  1.067 

W.    B.    macadam     22.152.779 

Bituminous    macadam     41. 112.557 

ins    concrete    

Concrete     1 

Brick     

20,235,200 


Federal  Aid.  Mileage. 


$24,721,021 
mi    ; ,172 

47.192,895 
9.729,201 
IS, 646, 066 

75,600,279 
6,925.483 
S, 525,395 


6,864 

2.696 

10,044 

1,291 

1,323 

772 

4,654 

444 

•47 


Totals     $496,151,683       $211,135,376         28,135 

•Ini  lui  lies. 

The  distribution  of  costs  and  types  on  a  percentage  basis 
for  the  projects  summarized  are  as  follows: 

PERCENT/                                                '  '  ;u    & 

1921. 

%  Federal  %  Tot. 

Tot.  Cost.                Aid.  Mileage. 

Graded    and   drained    11.7  24.4 

Sand    clay    4.5                     5.0  9.6 

Gravel     21.2  22.4 

-\V     B.   macadam   1.5                      4.6  4.6 


Bituminous     macadam     8.3  8.8  4.7 

Bituminous    concrete    4.7  4.4  2.7 

P.     C.    concrete    37.1  35.8  lb  5 

Brick      4.4  3.3  1.6 

Bridges     4.1  4.0  0-2 

100-  100  100 

As  of  Nov.  25,  the  records  of  the  Bureau  show  that  of  the 
total  allotments  to  the  States  under  the  two  first  appropria- 
tions, $266,720,000  there  has  been  placed  under  agreement 
with  the  States  Federal  Aid  funds  in  the  sum  of  $213,048,000 
for  28,491  miles  of  highways.  Of  this  mileage  there  has  been 
completed  the  equivalent  of  21,000  miles.  You  will  note, 
therefore,  that  there  now  remains  the  balance  of  $53,702,000 
to  be  placed  under  agreement  from  the  old  appropriation. 
From  the  new  Federal  Highway  Act  appropriation  of  Nov. 
9,  there  has  been  apportioned  to  the  States  $24,575,000, 
available  now,  and  $48,750,000  available  January  1,   1922. 

Opportunities  Under  New  Federal  Highway  Act.— As  a 
foundation  for  the  consideration  of  future  policies  under  the 
new  legislation,  the  Secretary  of  Agriculture  has  authorized 
and  requested  me  to  express  clearly  and  without  reservation 
his  position  that  in  the  formulation  of  the  new  rules  and 
regulations  required,  and  in  the  administration  of  the  law, 
the  department  will  request  the  counsel  of  this  association 
through  its  proper  committee.  The  secretary  is  greatly  im- 
pressed with  the  possibilities  and  responsibilities  of  the  new 
act,  and  the  truly  co-operative  spirit  which  must  underlie 
the  functioning  of  both  the  state  and  federal  organizations 
to  make  the  greatest  and  surest  progress. 

The  act  itself  is  remarkably  comprehensive  in  defining 
and  demanding  a  systematic  plan,  national  in  its  extent,  for 
future  highway  development.  None  of  us  have  had.  or  are 
ever  likely  to  have  a  more  serious  responsibility  than  the 
one  imposed  of  selecting  the  Federal  Aid  system  to  be  com- 
posed of  the  most  important  highways,  articulating  not  only 
within  the  states,  but  with  the  systems  of  the  contiguous 
states.  Here  is  an  opportunity  to  do  a  big,  basic  work,  such 
as  comes  to  few  in  the  course  of  a  life-time.'  The  individual 
who  fails  to  vision  the  importance  of  the  task  has  no  moral 
right  to  hold  a  position  of  authority  in  its  performance.  From 
a  conception  of  highways  as  a  purely  local  institution,  a 
viewpoint  we  held  for  over  a  half  century  of  our  national 
life,  we  progressed  to  an  acceptance  of  their  importance  to 
the  state.  This  attitude  persisted  for  another  quarter  of  a 
century,  until,  through  the  universal  use  of  the  motor  vehicle, 
the  transportation  crisis  of  a  great  war,  the  repeated  threats 
of  extensive  railroad  tie-ups,  and  the  results  already  secured 
with  Federal  Aid,  we  have,  in  the  short  period  of  five  years, 
visioned  our  more  important  highways  extended  and  inter- 
connected to  form  a  vast  network,  serving  local,  state  and 
national  traffic,  only  limited  by  the  confines  of  the  United 
States.  This  is  the  conception  which  has  been  written  into 
the  law,  and  which,  because  of  the  projected  effect  of  that 
which  is  done  now  into  the  future,  lifts  the  importance  of 
this  requirement,  that  is,  the  selection  of  the  Federal  Aid 
system,  above  any  other  principle  or  duty  therein  announced. 
Highway  Construction  as  Relief  for  Unemployment. — This 
work  must  not  be  hurriedly  done,  but  because  of  the  unem- 
ployment situation  urgently  demanding  every  possible  relief 
that  may  be  obtained  through  the  highway  program,  projects 
will  be  approved  without  delay  for  the  building  of  roads 
which  the  states  and  the  district  engineers  of  the  bureau 
agree  will  lie  upon  the  Federal  Aid  system.  Each  district 
engineer  is  fully  informed  as  to  the  procedure  for  "interim" 
projects,  which  is  so  simplified  that  if  important  projects 
are  chosen  in  good  faith  there  will  be  no  delay  in  securing 
favorable  action. 

The  department  will  do  everything  possible  to  expedite 
projects  that  can  bring  any  relief  from  the  unemployment 
crisis  now,  or  that  will  shorten  the  winter  season  of  inac- 
tivity in  road  building  in  the  northern  states.  The  revised 
regulations  will  not  be  issued  until  they  have  been  consid- 
ered in  detail  with  the  representatives  of  the  association. 
Considerations  in  Choice  of  Highway  for  Major  Traffic 
Lines. — There  can  be  no  doubt  as  to  the  clear  intent  of  the 
law  to  provide  for  a  system  of  roads  which  shall  include  those 
which  are  now  and  which  after  improvement  are  to  become 
the  major  traffic  lines.  The  different  states  of  improvement 
to  which  the  states  have  progressed,  and  all  the  variations 
between  them  of  topography,  of  population  distribution,  of 
industries,  of  development  of  natural  resources,  must  neces- 
sarily be  reflected  in  the  laying  out  of  the  system.     These 
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details  must    be   worked  oul    between  tati      themselves 

and    between   the   states   and    the    Bui I    Public    ffo 

Because  ol  these  wide  variations,  it  is  only  possible  to  sug 
gesl  gome  ol  the  major  considerations  Wi  ■  1  1  ol  minimize 
the  importance  ol  the  local  traffic  ro  care  (or  tins  class 
properly    \\  ill.    in    general,   alwaj      b  I    objective  ol 

highway    Improvement.      Our    conception    is    rather    that    a 
of  highways  shall  be  made  trdless  of  the 

ordei  ol  improvement,  will  eventually  join  into  a  well  con 
ceived   network  crossing   both   counl  idarles. 

Thus,  while  tin-  immediate  n Is  ol    1  sua.-  or  a  district  may 

determine    priority    ol    construi  tioi  new    link    brings 

nearer  the  completion  of   the   system   as   ,1   whole 

in    the    western    states    the    major    lines    will    be    1 
fixed   by   topographs .   bul    bj    the     ami    tol 

will  be  determined  bj    single  strategic  points  such  as 

untain   pass.  II   is  the  earnest    hop  ireau  that 

will    reach   an    ai  ba  sed    on   the 

future  service  thai   is  to  bi    rendered,  nol   onlj    to   the  local. 

bul   also  to  the   inter-state  and   national   traffic. 

in  the  same  spirit  that  the  United 
and  generous  policy  has  made  possible  definite  progress 
in  the  limitation  of  armaments,  to  be  followed  bj  a  conse- 
quent decrease  ot  national  expenditures  [01  potential  de 
struction,  it  is  my  sincere  beliel  thai  the  highway  organiza 
lions  will  make  possible  through  mutual  agreement  th 
summation  ol  .1  plendid  national  system  of  highways.  This 
comparison  is  not  lightly  made,  for  the  program  ahead  in- 
volves  hundreds  of  millions  of  dollars,  but  with  tin  essential 
difference,  that  this  huge  expenditure  will  be  tor  a  con 
tive,   nation  building   purpose.     In   the   -  1  ultural 

districts   where   the   major   road   developmenl    is   still   ahead, 
arid    where   the   connecting   up   of  continuous   routes   will   at 
ame    time    serve    the    local    traffic    equally    with    othei 
projects,   it    is   hoped   that    the   states   will   r.  at    duty 

imposed   upon   the   department,   expressed    in    the    langl 

the  law.  "The  Secretary  of  Agriculture  shall  g*re  preference 
to  such  projects  as  will  expedite  the  completion  of  an  ade- 
quate and  connected  system  of  highways,  inter-state  in 
character." 

In  the  eastern  states,  some  of  them  with  a  large  mileage 
of  Improved  roads,  it  might  appeal-  that  the  selection  of  a 
system  is  not  30  important,  yet  II  seems  to  me  that  it  is 
that  our  greatest  traffic  problems  lie.  it  will  be  a  com 
paratively  short  time,  because  of  new  construction  and  better 
maintenance,  until  the  trans-continental  tOul'iSl  will  be  pro 
vided  with  roads  that  are  entirely  serviceable  throughout 
the  seasons  of  the  year   when   other   conditii        Eavot      uch 

travel.     The   really   serious   traffic   problen  

between  large  renters  of  population.  It  must  be  remembered 
that     for     roads     built     previously     many    el    "  details 

such  as  alignments,  widths,  types,   were  planned   prioi    to  the 
1  of  the  motor  traffic,  and  lor  the  slower,  lighter,  horse- 
drawn    vehicle    use.      The    considerations    of    weight, 

y,    numbers,    which    now    must    govern    design,    had    not 
lecome'the  controlling  factors.    The  traffic  lines  are  from 
town  to  town,  and   in  general   follow    throt 
gested   pans  of   population   cent. 

Principles  That  Must  Be  Worked  Out.  \-  some  Ol  the 
principles  which  we  must  properly  work  out,  the  following 
are  suggested: 

1.  The  development  ol  parallel  lines  to  divide  heavy  traffic 
through  thickly   populated   districts. 

2.  The   developmenl    reel 

Igh  on  these  routes  there  may  now  be  a  less  amount   of 
improved  roads  than  on  routes  now   followed 

:      The   building   of   inner   or  outer  belt   lines  around   con- 
ed centers. 
•f.     The    reconstruction    of    weak    section-    for    heavy     truck 

5.  The  widening  of  main  routes  near  the  largest  cities  or 
between  cities  where  the  dist  ougb  to  carry 

uniform    traffic.  t 

0.  Proper  connections  with  the  routes  of  adjoining  states, 
sibly  there  are  many  questions  as  to  the  future  sur- 
facing policies.  The  changes  in  types  and  specifications 
which  will  be  sought  from  time  to  time  by  the  bureau  will  be 
based  upon  the  more  accurate  knowledge  which  is  being 
obtained  rapidly  through  research  and  through  the  detailed 
studies  of  the  behavior  of  modern  designs  under  traffic.  The 
requirement   of   the   18-foot   surfacing    is   construed   to   mean 


that  this  is  fixed  as  the  minimum  two-waj  road,  where  the 
construction    is    to    be   considered    complete   as    tirst    put    down. 

This  requirement  will  not  preclude  the  building  of  a  narrower 

pavement  In  those  districts  where  the  traffic  does  not  yet 
justify     tin     tWO-Wa}     width        I    am    yet     to    lie    convinced    that 

nre  maj  not  properly  build  now  in  many  sparsely  populated 
districts  one-half  of  the  final  width  of  pavement  in  order  to 
complete  mileage  between  points,  if  all  the  other  work  is 
done  to  provide  for  the  full   width  construction   later. 

Maintenance    Requirements    in    New   Law.     To   insure   main 

tenance,  the  strongest   possible  requirement     havi    beei 

leu  into  the  law.  The  department  maj  not  slight  its  re- 
sponsibility, and  the  attitude  of  the  whole  national  admin 
iStration    demands    the    utmost     Rdelit)     in    the    continuous    up- 

the  highways  built.  The  position  taken  by  the  presi- 
dent in  his  published  addresses  is  well  known.  His  state- 
ments 10  iii,>  executive  committee  01  this  association,  who 
counseled  with  him  while  the  pies,  hi  legislation  was  under 
consideration,  the  statements  of  the  Secretary  of  Agricul- 
ture in  presenting  the  completed  Legislation  to  the  president 

for  his  signature,  all  leave  no  possible  doubt  as  to  the  posi- 
tion which  must  be  taken  In  the  bureau  m  enforcing  the 
pro\  isions  as  to  maintenam  1 

\\  ,  are  nol  left  in  doubt  as  to  the  meaning  of  the  word 
maintenance."  The  law  itself  slates,  'the  term  maintenance 
means  the  constant  making  of  needed  repairs  to  preserve  a 
smooth  surfaced  highway."  Further,  "such  State  shall  make 
provision  for  State  funds  required  each  year  *  *  *  for 
construction,  reconstruction  and  maintenance  of  all  Federal 
Aid  highways  *  *  *  which  funds  shall  he  under  direct 
control  of  the  state  Highway  Department." 

The  bureau  earnestly  hopes  that  it  will  not  be  required  to 
take  over  a  single  mile  of  highway  for  maintenance,  but  the 
responsibility  is  imposed,  and  this  provision  of  the  law  will 
be  enforced  to  the  letter.  It  is  a  well  established  principle 
that  proper  maintenance  will  result  only  if  some  form  of 
patrol  is  organized  that  places  direct  and  continuous  re- 
sponsibility upon  some  one  for  the  condition  of  each  mile 
of  road,  and  the  bureau  will  not  consider  that  the  states  are 
properly  living  up  to  the  requirements  of  this  act  until  such 
a  system  is  established.  I  do  not.  use  "patrol"  in  the  technical 
sense  to  distinguish  it  from  the  so-called  "gang"  system,  but 
rather,   the   proper  combination   of   patrol  and  gang   systems 

10   n 1    the  particular  conditions  of  each  state.     If  there  is 

one  word  to  be  accented  more  than  any  other,  it  is  the  term 
"1  i,n:  taut."   and   to   this   should   be   added   "automatic." 

Personally,  1  am  more  than  delighted  that  the  sliding  scale 
litis  been  established  to  gauge  the  co-operation  required  in 
the  public  land  stated  I  do  not  regard  the  establishment  of 
ibis  scale  as  a  concession  to  the  west.  It  seems  to  me  to  be 
only  a  proper  and  just  recognition  of  the  responsibility  which 
the  United  Stat..,  as  a  whole  must  shoulder — that  of  improv- 
ing those  highways  necessary  through  the  public  lands  whose 
future    utility   is   problematic 

it  is  not  necessarj  to  touch  upon  all  the  points  of  the  law. 
I  have  endeavored  to  accenl  tie  establishment  of  the  system 
of  Federal  Aid  roads  as  beyond  all  other  principles,  the  most 
important  written  into  this  law.  Of  only  slightly  less  im- 
portance is  the  requirement  as  to  maintenance.  While  our 
thought  may  run  to  large  construction  programs,  and  the 
detail  ol  typi  and  materials  to  he  used,  let  it  be  remem- 
bered thai  we  are  providing  highway  service,  and  that  the 
degree  rendered    is   determined   by   the  lay-out.  of 

the  system,  and  by  the  condition  in  which  every  mile  of  road 
within  in    is   maintained   constantly.     Every   state 

which   has  established ti  m   Oi    highways  ha--   found 

those  highways  almost  immediately  abandoned  by  the  coun- 
or  other  local  subdivisions.  I  trust  that  each  state  In 
which  highways  are  taken  into  the  Federal  Aid  system,  which 
have  not  up  to  this  time  been  established  as  state  highways, 
hut  have  ben  under  the  jurisdiction  of  the  local  boards,  will 
recognize  this  principle  and  make  immediate  plans  under 
b  all  parts  of  the  system  will  come  under  the  jurisdiction 
and  maintenance  of  the  state  without  waiting  for  their 
construction. 

Mutual  Responsibilities  of  State  and  Federal  Organizations. 
— The  Bureau  of  Public  Roads  will  proceed  under  the  pro- 
visions of  this  act  on  the  assumption  that  each  state  will 
recognize  the  mutual  responsibilities  imposed  upon  the  state 
and  upon  federal  organizations,  and  will  bring  its  operations 
at   once   into   harmony    with   all   the   provisions.     Also,    that 
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each  state  will  in  fairness  recognize  the  greater  responsi- 
bilities,  restrictions  and  requirements  imposed  upon  the 
federal  bureau.  The  bureau  does  not  seek  initiative.  It  does 
not  seek  to  direct  the  states  but  to  co-operate  with  them. 
There  is  now  a  plan  of  action  for  the  guidance  of  both  organi- 
zations that  is  so  clear  and  so  explicit  that  neither  can  escape 
the  responsibilities  imposed.  The  federal  requirements  are 
fairly  defined  and  will  be  sincerely  and  faithfully  enforced. 
Among  all  of  the  4S  states,  I  know  of  no  cases  where  it  is 
not  possible  to  co-operate  fully — certainly  no  physical  or 
il  difficulties  are  insurmountable — and  if  difficulties 
develop  in  the  administration  of  this  law.  they  will  come 
from  a  wrong  attitude  of  mind  on  the  part  of  one  or  both  of 
the  organizations.  We  can  and  will  eliminate  any  possibility 
of  such  only  through  a  mutual  consideration  and  respect  each 
for  the  viewpoints  and  obligations  of  the  other. 

Public  Misconception  of  Service  Rendered  by  Highways. 
— It  is  evident  that  a  great  misconception  exists  in  the  public 
mind  as  to  the  service  which  is  being  rendered  by  the  high- 
ways. During  the  very  long  period  that  construction  and 
maintenance  were  lagging  far  behind  the  increase  in  traffic, 
it  is  not  to  be  wondered  at  that  our  highways  showed  a 
material  depreciation.  Through  the  war  period,  with  the 
greatly  increased  use  of  heavy  traffic  units,  particularly  at 
just  the  season  of  the  year  when  the  road  surfaces  are  car- 
ried on  weakened  subgrades,  some  roads  did  break  up  seri- 
ously. But  this  depreciation  in  general  has  not  continued, 
and  more  than  this,  the  effect  of  the  lag  in  maintenance  has 
been  practically  obliterated  by  the  increased  maintenance 
during  the  past  three  years,  and  by  the  reconstruction -of  the 
weaker  sections,  until  our  roads  are  in  a  far  better  condition 
today,  than  they  have  ever  been  in  our  history.  This  fact 
in  itself  controverts  successfully  any  general  accusations 
against  our  modern  highways,  of  failure  to  carry  the  loads 
imposed.  Think  of  the  conditions  in  your  own  state.  Are 
not  the  roads  far  better  than  they  have  ever  been?  And  yet 
perhaps  many  of  you  feel  that  in  some  other  states  the  roads 
have  been  and  are  depreciating  rapidly.  I  have  been  unable 
to  find  such  evidence.  Roads  that  during  the  war,  because 
of  unusually  heavy  traffic  and  lack  of  maintenance,  were 
seriously  depreciated,  have  since  been  brought  back  into  a 
state  of  better  repair  than  they  have  ever  been.  Cheaply 
constructed  roads,  roads  that  were  built  before  any  consid- 
eration of  present-day  traffic,  are  being  held  up  through  ade- 
quate maintenance  on  some  of  the  heaviest  traffic  lines  in 
the  country. 

Legislation  for  Regulation  of  Highway  Traffic. — The  whole 
purpose  of  highway  building  is  to  make  possible  highway 
transportation,  and  the  cost  of  the  transportation  must  be 
reduced  as  low  as  possible.  Therefore,  restrictive  legisla- 
tion which  limits  too  greatly  the  loads  to  be  hauled  on  the 
highways  should  not  be  tolerated,  as  it  is  against  a  proper 
public  policy.  Legislation  regulatory  of  the  traffic  on  the 
highways  should  take  into  account  that  there  are  many  fac- 
tors which  govern  the  traffic  depreciation  of  our  highways. 

Laws  which  blindly  fix  some  maximum  weight  to  be  moved 
on  the  highways  may  prohibit  the  really  profitable  traffic  and 
allow  less  economical  and  more  destructive  vehicles  to  oper- 
ate practically  unchecked.  Both  weight  and  speed  are  major 
factors  in  their  destructive  effects  upon  the  highways,  but 
the  distribution  of  the  load,  the  relation  of  the  sprung  and 
unsprung  weights,  the  tire  equipment — all  have  an  important 
effect. 

From  the  research  of  the  past  two  or  three  years,  and 
from  the  practical  experience  of  the  highway  engineers,  we 
are  accumulating  sufficient  knowledge  to  engage  understand- 
ing^ on  a  determination  of  the  character  of  legislation  which 
will  i<  ind  public  policy.    The  solution  of  highway 

transportation  lies  in  the  proper  adjustment,  no  less  of  the 
motor  vehicle  to  the  road  than  of  the  road  to  the  motor 
•vehicle. 

I  hope  to  see  no  conflict  develop  between  the  states  in 
the  determination  of  traffic  regulations.  Such  would  destroy- 
in  a  large  measure  the  utility  of  a  Federal  Aid  system  of 
primary  highways.  Rather,  because  the  system  will  for  a 
long  time  be  non-uniform  in  its  carrying  capacity,  much  dis- 
cretion should  bo  allowed  the  state  highway  departments 
in  determining  the  loads  which  are  to  operate  upon  specific 
sections  of  highways,  and  further,  much  discretion  should 
be  allowed  the  departments  in  the  making  of  seasonal  re- 
strictlons  where  climatic  conditions  are  such  that  there  are 


periods  when  the  roads  normally  fully  capable  for  carrying 
heavy  loads,  are  for  a  short  time  carried  on  uncertain  sub- 
grades.  Here  is  an  opportunity  for  the  highway  builder  and 
the  motor  truck  manufacturer  to  co-operate  to  serve  the 
public's  interest. 

Preserving  Major  Part  of  Original  Investment  in  Highways. 
— One  other  point  is  causing  the  public  much  concern.  It  is 
often  stated  that  highways  have  gone  to  pieces  and  must  be 
rebuilt.  Engineers  have  been  prompt  to  develop  methods 
of  improvement  which  are  salvaging  practically  the  full  value 
that  was  originally  invested  in  the  highways.  For  example,- 
some  of  the  older  macadam  roads  in  New  York  State,  lightly 
built,  which  are  now  heavy  traffic  lines,  have  been  widened 
by  concrete  roadways  on  either  side  preserving  a  strip  of 
macadam,  say  6  ft.  wide  in  the  center,  thus  giving  a  24-ft. 
usable  surface  by  the  addition  of  18  ft.  of  new  construction. 
The  remainder  of  the  macadam  width  is  scarified  and  the 
material  spread  to  form  a  better  base  under  the  new  con- 
struction. 

This  is  only  one  example  of  so  many  successful  operations 
of  like  reconstruction  that  it  may  be  taken  as  a  principle 
that  if  roads  are  well  maintained  when  traffic  becomes  so 
heavy  that  reconstruction  is  necessary,  the  major  part  of 
the  investment  can  be  preserved  and  be  built  into  the  new 
highway  as  an  integral  part.  It  is  my  judgment  that  our 
heaviest  traffic  lines  of  the  future  will  be  developed  in  this 
manner,  for  we  must  recognize  the  principle  that  at  the 
present  time  the  big  task  is  to  get  a  mileage  of  surfaces  that 
can  be  maintained  under  the  traffic.  Perhaps  the  principle 
that,  we  should  remember  is  to  do  the  fundamental 
work  right.  Road  surfaces  are  built  for  use  and  we 
must  expect  them  to  wear  out.  The  one  thing  that  we  must 
do  is  to  furnish  highway  service,  for  this  is  an  essential  fac- 
tor of  highway  transportation,  and  we  must  rely  on  highway 
transportation  to  pay  the  major  portion  of  the  costs  of  the 
whole  construction  and  maintenance  program  ahead. 

State  Highway  Officials  Endorse  Bill  Appropriating  $100,- 
000,000  for  Federal  Aid. — The  American  Association  of  State 
Highway  Officials  at  its  annual  meeting  at  Omaha,  on  Dec. 
8,  unanimously  adopted  a  resolution  endorsing  the  action  of 
congress  in  adopting  a  policy  of  federal  aid  for  highways, 
to  be  applied  to  a  definite  system  of  highways  as  provided 
in  the  Federal  Highway  Act,  which  went  into  effect  Nov.  9, 
1921,  and  pledged  its  hearty  and  unqualified  support  to  the 
Federal  Bureau  of  Public  Roads  in  carrying  out  the  provisions 
of  the  act.     The  resolution  further  states: 

Inasmuch  as  the  Act  contemplates  continued  Federal  par- 
ticipation with  the  states  in  highway  imnrovement,  we  realize  and 
emphasize  the  absolute  necessity  of  a  definite  policy  projected 
far  enough  into  the  future  to  make  possible  the  economic  and 
-satisfactory  planning  and  carrying  out  of  the  intent  and  purpose 
of  the  Act. 

To  this  end  we  endorse  H.  R.  S978  introduced  by  Hon.  Roy 
Woodruff,  which  bill  authorizes  the  appropriation  of  $100,000,000 
annually  for  five  years  beginning  July  1.  1922,  as  a  general  Federal 
Aid  Appropriation,  and  we  also  urge  that  adequate  provision  be 
marie  in  the  said  bill  for  the  continued  development  of  highways 
in  and  adjacent  to  the  forest  areas  and  Indian  Reservations  under 
unified  control. 

The  adoption  of  this  five  year  program  is  necessary  to  enable 
the  states,  through  their  legislatures,  to  make  proper  provisions 
Cor  tin    requisite  state  co-operation  in  this  enterprise. 


Short  Course  in  Highway  Engineering  at  University  of 
Pennsylvania. — A  brief  course  in  highway  engineering  will 
be  given  by  the  University  of  Pennsylvania  from  Jan.  23  to 
Feb.  10.  This  course  is  planned  for  men  who  have  had  tech- 
nical training  and  who  have  had  practical  experience  in  the 
construction  of  highways.  The  greater  part  of  the  instruc- 
tion in  the  class-room  and  the  laboratory  is  given  by  experi- 
enced engineers  now  engaged  in  the  actual  design  and  con- 
struction of  roads  and  pavements.  Courses  1  to  5  are  given 
by  means  of  lectures,  while  courses  6  to  12  are  laboratory 
courses.  The  first  session  of  the  brief  course  in  highway 
engineering  given  a  year  ago  was  attended  by  67  men.  These 
men  varied  in  age  from  19  to  59  years,  with  an  average  age 
of  30  years.  More  than  half  of  the  men  were  technical  grad- 
uates and  many  were  members  of  the  American  Society  of 
Civil  Engineers.  The  result  of  this  course  was  very  satis- 
factory and  the  second  session  is  given  at  the  suggestion  of 
the  state  highway  departments  that  have  had  an  opportunity 
to  test  the  results  of  the  first  course. 
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Data  on  Truck   Operations   and   Con- 
struction Costs  of  Concrete  Pave- 
ment|in!Sioux  County,  Iowa 


By  Tims.  J.   LOUGH, 

■■■  Mil;  1i\\^ 


During  the  summer  of  1921,  2.2  mil  ol  l8-f(  concrete 
pavement    were   constructed    oi  ol    the    North 

Iowa    Pike  "Inch  runs  west   from   Hull,   [a.     The  paving  is  8 
in,  and  7  in.  thick,  respectively,  at  center  and  edges  and  is 
orced   with   21   lb.  of  corrugated  nforcii      per  100 

sq.  ft     The  aggregate  consisted  ol  pit  run   gravel  which  ran 
about  80  per  cent  sand.    The  quantity    ol   cement 
according  to  the  weight  and  the  percentage  ol   sand   In  the 
gravel,  tests  of  which  were  made  bourl3      The  average  mix 
was    1   to  3.25. 
While  neither  unusual  featur*  aomenal  runs  maj 

i    siiii  the  following  data  on  operations  and  costs 
oa]     ■■  ol   Interest 
The  construction  equipment   was  as  follows: 

_■  n  cu    ■ Kers 

■    sher. 
i   10-ton   road   roller. 

! 

l  6-ft.   blade   grader. 

13   dump-body   trucks,    1    ton   and   2   ton. 

tei      forms, 
miles   of   2-in.   pipe  line, 
elbarrows. 

The  two  mixers  were  set  up  side  by  side  and  ad- 
jacent in  the  railroad  siding  in  the  town  of  Hull.  The  aggre- 
gate was  shipped  in  by  train  and  unloaded  by  hand  directly 
from  the  cars  to  the  stock  pile  behind  the  mixers.  The 
gravel   was  wheeled  from  the  stock   pile  to  the  mixer  skips 

in  barrows  and  at  no  time  was  the  wheeling  distance  ureater 
than  50  ft.  The  cement  was  hauled  by  teams  to  the  mixer 
as  needed,  either  directly  from  the  cars  or  from  the  storage 
sheds.  Water  was  obtained  from  the  city  mains  and  was 
carried  in  a  2-in.  pipeline  to  the  sub-grade  and  to  the  mixer. 
The  number  of  trucks  used  during  the  job  varied  from 
2  to  13.  They  were  of  various  makes  and  of  1  and  2-ton 
capacity.  All  were  equipped  with  wooden  dump  bodies  and 
hand  hoists.  The  1-ton  trucks  usually  carried  2il.25  cu.  ft. 
of  wet  batch  and  the  2-tou  trucks  39.0  CU.  ft.  of  wet  batch  per 


trip,    and    were    thus    considerable    overloaded.      The    trucks 
were  hired  by  the  contractor  on  an  hourly  basis. 
The  organization  of  the  crew   and  the  rates  of  paj 

as    follow 


m 


Concrete    Just     Before    Final     Belting. 

Rate  per 
No.        Title  or  Duties.  hem 

Stock    Pile    Mixing    Planl 

i     Foreman     $100 

2     Engineers     ii7 

-     Firemen     10 


Totals 
pet  hour. 


The  Mixing  Plant  Showing  the  Two  Mixers  in  Operation,  the  Stock     Pile    and    Cars    of    Gravel    on    Siding. 
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Mixi  r.    "i"  rat  ore     .  . . . 

Gravel    wheelers    

Gravel  

■  at    handlers     

Cement   sack    baler    

in     trucks 

w  ater    boj      

Hauling   i  'Mi.  ni 

Teams  and   drivers    

Cement    unloaders    

•  ule — 

iren  

F*lnish<  rs 

Concri  

Wetting  down   pavement    

ng   with   earth    

Tamping  and   shapii  di  

Wettir,  invass    



etters    

11-    forms    

Team    with    driver,    hauling    form       blading 

sub-grade    - 

hauling  forms,   blading  subgrade 

Water    !"■> 

'  ieneral 
Timekeeper     


10 
1.60 


in 


.Hi 


Total    hourl;     payroll    ol    all    labor     tnd    teams,    exclusivi     of 

trucks   and    drivers    $25.74 

Table  I  gives  truck  performance  and  linear  feet  of  pave- 
ment poured  for  each  working  day.  and  truckage  cost  per 
square  yard  oi  pavement: 

i:   [.—TRUCK   PERFORMANCE. 


1S6.6 
213 

hit 

3S1 
415 

its 

His 
I'M 
ITS 

472 
215 
I  65 
417 
364 


in     2.37     13 


10     2.22     12 


22...     1"     1.' 


da: 


Ai 


Hi      1.35      I" 


1,417  T. 
1.44     1.418.88       I  II 


<z 

<t 

h 

Si 

55 

3.06 

3.79 

330 

tlbli 

r.3 

3.15 

::  66 

::7s 

6.50 

54 

1  50 

4.95 

212 

6.511 

146 

2  ti 

2.44 

632 

6.50 

167 

3.09 

5.69 

734 

6.50 

S8 

2.51 

1  32 

327 

6.50 

I'H 

2.42 

3.82 

820 

6  50 

|"S 

2.14 

3.08 

558 

6.50 

77 

1.54 

7.52 

361 

6.50 

ISO 

1.46 

6.92 

S80 

6,511 

si 

1  29 

5.06 

391 

6.RII 

63 

1   in 

6.38 

298 

6.50 

174 

1    15 

6.44 

795 

6.50 

147 

I  53 

H.55 

662 

6.5(1 

im 

1  22 

5.08 

156 

6  50 

146 

1.22 

1  : 

480 

9.75 

147 

1.63 

12 

.".no 

'.)  75 

174 

1.93 

18 

578 

9.75 

171 

1  90 

6.73 

5711 

9.75 

.-,!. 

L'.ls 

10 

200 

9.75 

'Hi 

1  9 

6.66 

317 

!i  7  ft 

95 

1  ' 

319 

9.75 

66 

2  20 

6.95 

218 

9.75 

ins 

7.39 

160 

9.75 

ins 

6.42 

635 

9.75 

■ 

.,  94 

727 

9.75 

176 

1.76 

4.40 

574 

9,75 

•'.. 

I  :'ii 

4.4S 

312 

:■  75 

in; 

2.4" 

5.4T 

316 

9.75 

228 

i 

5.31 

754 

9.75 

1»B 

653 

9.75 

16 

' 

3  96 

122 

n  75 

HIS 

4.41 

720 

9.75 

159 

2.34 

3.42 

528 

9.75 

384 
till 
470 


310 
527 

5S1 
465 


25   184.81    16,717     ...  .    2,295    11,596  6 
492     8.31  341.1 


hour     2.15       5.44       66.1     07.5  45.8 

T"T;i!  23,1  93.2 

Total    numbei     truck-hours     2,236 

kage   '«    $2.iin   per  hour   per  truck J4.472.90 

Equal  per  sq.   yd.  of  paving    $0,193 

•  I    materials  were  as   follows: 
ni — 

i $0.65 

:    per  square    yard   of   paving    1.77 

i    paving    $1.15 

'     i>ii $0.70 

r    ton     $0,475 

lading    IS    $5.1  i    $0,091 

ton $1,266 

1  >r,    pel    sq.    yd.  jn  353 

1 '  '  sq.  yd. 
of  paving. 
Location  and  cu.  ft.  cu.  ft. 

At    mixers,   concrete,    boilei  s,    w 

trucks     32,785  1.41 

.  road-roller,  wetting 
(Trade  and   finish.  15,140  IS' 

Totals     67,92  2.93 

€      Total    cost    oi 
nf    paving. 

..11     

Total   am. .nut    usei  


'•■    '  '     pet  <    sq.    yd. 


Sub-grade^Treatment  Experiments  of  Cal- 
ifornia Highway  Commission 

Different  methods  of  subgrade  treatment  are  being  car- 
ried out  on  various  state  highway  contracts  in  California. 
These  experiments  consist  in  some  cases  in  treating  the 
adobe  or  clay  subgrade  with  a  light  asphaltic  oil;  in  other 
cases,  a  sand  cushion  is  being  laid  and  in  other  cases  a  gravel 
foundation.  In  order,  however,  that  a  direct  comparison 
might  be  secured  between  the  various  methods  of  subgrade 
treatment  which  have  been  suggested  from  time  to  time,  a 
decision  was  made  to  make  such  experiments  on  contiguous 
sections  on  the  same  contract.  A  section  in  Solano  County 
between  Denverton  and  Rio  Vista,  where  the  adobe  subgrade 
conditions  were  considered  particularly  bad,  was  selected 
for  the  test.  A  gravel  treatment  of  the  subgrade  has  been 
adopted  throughout  on  this  section  where  not  otherwise 
treated  as  described  below. 

A  section  4,500  ft.  in  length  has  been  divided  into  nine 
sub-sections,  each  500  ft.  long. 

After  the  contractor  has  completed  the  rough  grading, 
including  the  shaping  but  not  the  rolling,  the  grade  to  a 
width  of  21  ft.  when  thoroughly  dry  will  be  plowed  with  a 
rooter  or  sub-soil  plow  until  the  soil  is  loosened  to  approxi- 
mately the  depth  to  be  treated,  after  which  it  will  be  thor- 
oughly harrowed,  disked  or  rolled  until  the  soil  is  well  pul- 
verized. After  the  soil  has  been  thoroughly  pulverized,  these 
nine  500-ft.   sections  will  be  treated   as   follows: 

Section  1.  This  section  to  be  treated  to  a  depth  of  ap- 
proximately 12  in.  Portland  cement  in  the  ratio  of  1:10  of 
soil  will  be  broadcasted  as  uniformly  as  possible  over  the 
harrowed  surface;  the  subgrade  will  then  be  plowed  and 
thoroughly  harrowed  and  this  entire  operation  of  harrowing 
and  plowing  repeated,  if  necessary,  to  secure  a  reasonably 
intimate  and  uniform  mixture  of  the  Portland  cement  with 
the  soil.  If  necessary,  rolling  will  be  done  at  this  stage, 
followed  by  a  spike  tooth  drag. 

After  having  incorporated  the  cement  with  the  soil,  the 
subgrade  will  be  rolled  and  finished  to  the  same  extent  as 
the  contractor  would  in  preparing  it  to  place  his  header 
boards. 

Section  2.  The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  the  proportion  of  cement  will  be  1:20. 

Section  3.  The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  the  depth  of  treatment  will  be  6  in.  in- 
stead of  12  in. 

Section.  4.  The  same  process  will  be  followed  as  for  Sec- 
tion 2,  except  that  the  depth  treated  will  be  6  in.  instead  of 
12  in. 

Section  5.  The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  hydrated  lime  in  the  proportions  of  1:20 
of  soil  will  be  used  in  place  of  the  cement. 

Section  6.  The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  pulverized  limestone  in  the  proportion 
of  1:20  of  soil  will  be  used  in  place  of  cement. 

Section  7.  .The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  no  foreign  substance  will  be  mixed  with 
the  adobe  soil. 

Section  8.  The  same  process  will  be  followed  as  for  Sec- 
tion 1,  except  that  60  per  cent  asphaltic  road  oil  will  be 
spread  at  the  rate  of  3  to  5  gal.  to  the  square  yard. 

Section  9.  The  same  process  will  be  followed  as  for  Sec- 
tion 8.  except  that  the  depth  treated  will  be  6  in.  instead  of 
12  in. 

One  of  the  principal  objects  of  this  series  of  experiments 
is  to  determine  what  effect  a  weak  miKture  of  Portland 
cement,  lime,  or  other  material  will  have  in  correcting  the 
tendency  of  adobe  or  clay  sub-soil  to  absorb  water  and  be- 
come plastic,  thus  creating  a  weak  foundation  condition  in 
wet  weather,  with  the  resultant  failure  of'the  pavement  under 
heavy  traffic.  A  thorough  study  will  be  made  both  of  the  actual 
results  of  such  treatment  from  a  construction  standpoint 
and  also  the  cost  of  treatment  and  consequent  value  thereof 
from  an  economic  standpoint.  The  work  has  just  been 
started,  but  as  the  rainy  season  has  now  commenced,  it  is 
not  expected  that  the  work  will  be  completed  before  some 
time   next    spring. 
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Brick  Header  Curbs  for  Brick 
Pavements 

By    H.    FRANK    DORK. 
County  Engineer,  Cambi  Pa 

Cambria  County.  Pennsylvania,  in  the  heart  of  the  A! 
legheny  Mountains,  is  carrying  out  a  verj  extensive  pro 
gram  of  road  improvement.  Vitrified  brick  has  been  specified 
on  all  the  roads  built  under  county  and  township  supervi- 
sion, as  well  as  on  nearly  all  the  state  tiighwaj  department 
roads  in  the  county. 

Practically  all  the  brick  roads  are  of  cement    grout   filler 

construction   on   concrete    base    and    have    1 n    built 

past  with  concrete  header  curbs  varying  in  width  on  each 
side  of  the  road  from  G  in.  to  1  ft.  On  a  recent  job,  h<> 
Township  Engineers  O.  E.  Schlicker  and  Fred  Hogan,  tie 
Barr  Township  Hoard  of  Supervisors,  and  the  writer,  eon 
sldered  building  the  edging  curb  id'  vitrified  paving  brick 
the  same  as  the  balance  of  the  road.  A  road  in  Barr  Town- 
ship being  built  by  the  Bell-Bockel  I  instown,  Pa. 
originally  designed  for  concrete  base  and  header  curb,  sand 
bed,  and  brick  4  in.  in  depth  was  selected.  'I  : 
tions  were  changed  to  call  for  brick  :',  in.  in  depth,  granu- 
lated slag  bed,  and  brick  header  curb  with  tie    ,  oncrete  base. 


pal D.1    thU8    built    wives    the    road    an    IS  ft .    vitrified    brick 

wearing  surface  across  the  entire  width. 

This  work  was  under  the  supervision  of  the   writer.     Bell- 
Bockel  Co.  of  Johnstown   and   Altoona,   Pa.,   were   the  cent  rat- 
tors.    Charles  K.  Schlicher  ei  Spangler,  Pa  .  was  englni 
Barr  Township.    Vitrified   paving   brick   were  of  the  wire  cul 
lug  type. 


Daily  and  Average  Footages  on  a  Concrete  Road  in 
Wisconsin 

Some  Interesting  records  were  mad"  mi  the  construction 
of  4.7  miles  of  concrete  road  between  Watertown  and  John- 
son's Creek.  Wisconsin.  Peppard,  Burrill  .V  Council  of  Min- 
neapolis wen  actors.  Work  was  started  July  6  and 
finished  Sept.  ti,  1921,  the  total  number  of  actual  working 
days    being    1" 

The  -mid  and  gravel,  which  were  shipped  by  rail, 
unloaded  by  a  crane  and  clam  shell  into  two  large  stock 
piles,  from  which  they  could  he  loaded  quickly  into  (he  re- 
spective luns  of  the  combination  hopper  and  measuring  box. 
The  materials  were  hauled  in  3  cu.  yd.  trucks  directly  from 
the  bins  to  the   mixer. 

The  handling  and  hauling  equipment  were  of  Kissel  make, 
the  hopper  and  measuring  hex  being  a   patented  combination, 


Details   of    Brick    Curbs   for    Brick    Pavement    Constructed    in    Barr    Township,    Cambria    Co 


<li  Prirk  laid  for  curbing  as  headers  8%  in  in  width  by  4  in. 
in  depth.  The  joints  have  been  filled  foi  only  about  half  their 
length.  The  remainder  of  the  joint  will  be  filled  with  grout  when 
the  paving  is  complete  and  will   pri  id   between   tin-  curb 

and  the  balance  of  the  pavement.     (2)   Pavement  surface  after  the 

The  concrete  base  was  laid  as  before,  but  the  forms  were 
set  to  line  and  grade  at  just  the  height  of  the  base  course. 
The  base  was  then  poured  and  struck  off  to  proper  form. 
Immediately  after  the  base  was  poured  and  before  initial 
set  had  taken  place  a  thin  layer  of  1  to  1  mortar  was  pre- 
pared and  spread  over  the  concrete  a  sufficient  distance 
from  the  edge  of  the  base  course  to  provide  a  mortar  bed 
in  which  to  set  the  brick  curbing.  A  vitrified  paving  brick 
4  in.  in  depth  was  used  to  make  this  curb.  On  one  section 
of  the  road  the  brick  were  laid  crosswise  as  headers  form- 
ing a  curb  8V£  in.  in  width,  while  on  the  other  section  the 
brick  were  laid  lengthwise  as  stretchers  forming  a  curb  3% 
in.  in  width.  The  1  to  1  mortar  was  used  to  fill  and  seal 
the  joints  of  the  brick.  The  construction  thus  produced  a 
monolithic  brick  curbing. 

The  strength  of  this  construction  and  the  proof  that  the 
curbing  would  not  separate  from  the  base  course  was  well 
shown  when  on  a  number  of  occasions  during  the  construc- 
tion of  the  pavement  loaded  trucks  had  occasion  to  be 
driven  over  the  curb,  and  in  several  instances  trucks 
accidentally  run  into  and  over  the  curb  without,  in  any  in- 
stance, breaking  the  bond  between  the  brick  curb  and  the 
base.  Neither  was  the  curb  damaged  or  loosened  during  the 
rolling  of  the  pavement  even  though  the  roller  rode  on  the 
curb. 

In  another  instance  on  a  nearby  road  of  similar  construc- 
tion it  was  found  necessary  to  relocate  a  short  section  of 
the  road  after  the  curb  had  been  constructed.  Even  though 
sledges  were  used  to  destroy  the  existing  construction  it 
was  found  that  the  brick  itself  would  break  rather  than 
separate  from  the  base. 

After  the  base  course  and  the  curbing  had  been  allowed 
to  set  and  harden  for  about  two  weeks  a  bed  of  granulated 
slag  was  spread  to  a  depth  of  no  more  than  1  in.  (after 
rolling)  and  the  pavement  of  brick  ::  in.  in  depth  then  laid, 
rolled  and  grouted. 

Longitudinal  expansion  joints  along  the  curb  line  were 
not  used,  it  being  felt  that  they  were  not  an  absolute  neces- 
sity  and   their  use   was   a  possible   source   of   trouble.     The 


brick  have  been  laid  and  rolled  just  before  the  grout  is  applied. 
Xo  attempt  is  made  to  have  the  courses  line  up  with  the  brick  in 
the  curb.  (3)  Outside  of  curb  and  base  showing  monolithic  con- 
struction. 


with  bin  capacities  of  20  cu.  yd.  of  stone  and  10  cu.  yd.  of 
sand.  There  were  9  Kissel  road  builder  trucks  of  3  yd. 
capacity  each.  Loaded  trucks  were  turned  at  the  mixer  on 
a  table  especially  designed  by  the  same   manufacturers. 

Drivers  were  relieved  of  the  care  of  trucks,  a  special  me- 
chanic being  assigned  to  this  duty,  which  included  all  greasing 
and  oiling.  All  trucks  were  thus  in  proper  operating  con- 
dition as  they  went  onto  each  morning's  work,  and  it  is  be- 
lieved that  this  was  a  substantial  factor  in  the  success  of 
the  job. 

The  total  length  of  road  was  24,816  ft.,  and  the  average 
footage  completed  in  each  of  the  40  working  days  was  620.4 
ft.  The  highest  single  day's  record  was  903  ft.,  on  Aug.  24. 
From  Aug.  1  to  Sept.  6  inclusive,  21  full  days  were  worked, 
the  total  pavement  laid  being  15,447  ft.,  or  an  average  of 
736  ft.  daily.    The  record  of  this  period  follows: 


Aug.  1 — Rain 
Aug.  2— Rain 
Aug.  3—  57u  ft. 
Aug.  4—742  ft. 
Aug.  5— 711  ft. 
Aug.  6—723  ft. 
Aug.  7 — Sunday 
Aug.  8—845  ft. 
Aug.  9—813  ft. 
Aug.  10 — Rain 
Aug.  11— Wet  Road 
Aug.  12—620  ft. 
Aug.  13—618  ft. 

(a)  Rain — 6  hr.  work  only. 
Rain — 4  hr.  work  only. 

(c)  End  of  job — 6  hr.  work  only 


Aug.  14— Sunday  Aug.  26—700  ft. 

Aug.  15—827  ft.  Aug.  27—866  ft. 

Aug.  16— 498  ft.   (a)  Aug.  28— Sunday 

Aug.  17— Rain  Aug.  29—855  ft. 

Aug.  18-  352  ft     i  b  I  Aug.  30—318  ft.   (b) 


Aug.  19- 
Aug.  20- 
Aug.  21- 
Aug.  22- 


615  ft. 
Rain 
Sunday 
681  ft. 


Aug.  23—711  ft. 
Aug.  24—903  ft. 
Aug.  25—794  ft. 


Aug.  31— Rain 
Sept.  1— Wet  Road 
Sept.  2—520  ft. 
Sept.  3—645  ft. 
Sept.  4 — Sunday 
Sept.  5 — Labor  Day 
-••lit  •; — 520  ft.    (c) 


Trees  Hold  Drifting  Sand.  In  many  countries,  but  per- 
haps most  notably  in  France,  sands  and  other  light  soils 
have  been  stopped  from  drifting  by  the  planting  of  trees 
and  shrubs  in  suitably  located  belts.  The  kind  of  trees  for 
use  is  governed  by  the  character  of  the  soil,  amount  of 
moisture,  etc.;  and  in  general  should  be  referred  to  a 
skilled    horticulturist   for  determination. 
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Safety  and  Beauty  as  Factors  in  Road  Design 


Abstract  of  a  Paper  Presented  by  A.  R.  Hirst,  State  H 
American  Association  of  State   Highway 

in  considering  the  design  of  a  modern  highway  we  should 
not  forget  thai  while  naturally,  we  should  so  design  a  high- 
waj  thai  the  traffic  can  be  carried  by  it— just  as  important 
as  the  mere  carrying  capacity  of  the  road  and  its  ability  to 
resist  destruction  is  that  it  shall  safely  and  expeditiously 
handle  that  traffic. 

In  other  words,  the  building  of  a  modern  highway  is  the 
building  Of  a  transportation  artery  and  in  the  design  of  it 
we  should  fully  consider  all  transportation  factors  involved. 
The  bare  factor  of  getting  traffic  over  the  road  so  that  it 
does  not  mire  in  the  mud  is  a  small  part  of  the  whole.  Traffic 
should  be  enabled  to  move  comfortably,  safely,  and  rapidly 
without  danger  either  to  itself  or  to  other  vehicles  using  the 
same  roadbed. 

We  seldom  stop  to  think  that  there  is  carried  on  many  of 
our  principal  highways  more  passengers  and  more  tonnage 
of  freight  per  mile  than  on  many  important  railroads.  Rail- 
roads are  not  content  merely  to  build  tracks  which  will  bear 
the  weight  of  their  trains.  Railroads  are  so  designed  and 
constructed  that  trains  can  move  expeditiously  and  safely, 
and  every  precaution  is  taken  to  prevent  accidents.  If  it 
was  good  public  policy  to  force  the  railroads  to  tremendous 
expenditures  for  the  safety  of  railroad  traffic,  I  can  see  no 
reason  why  it  is  not  good  public  policy  for  the  public  to 
protect  its  own  by   building  really  safe  highways. 

Hazards  Best  Eliminated  When  System  Is  Laid  Out. — 
The  first  and  best  chance  which  a  state  highway  department 
has  of  eliminating  hazards  in  highway  travel,  is  in  the  origi- 
nal layout  of  the  highway  system  which  it  expects  to  build. 
In  laying  out  the  various  highway  systems  toward  which  we 
are  trending — that  is,  a  federal  system,  state  systems,  and 
county  systems,  it  is  possible  by  careful  preliminary  work 
and  investigation  in  establishing  the  approximate  future 
course  of  these  highways  to  eliminate  a  considerable  number 
of  the  present  hazards,  without  expending  anything  but  brain 
work  in  making  the  eliminations. 

In  many  cases  a  little  investigation  of  parallel  roads  will 
disclose  a  road  potentially  free  from  the  objections  which 
can  be  urged  against  the  old  road;  in  some  cases  grade- 
crossings  can  be  eliminated,  or  the  number  of  right  angle 
turns  reduced,  or  better  grades  or  alignment,  or  both,  can  be 
secured  for  the  final  road.  It  is  my  opinion  that  nothing 
can  be  more  valuable  in  a  territory  in  which  modern  high- 
ways have  not  yet  been  developed,  than  a  careful  consider- 
ation of  every  possible  route  with  the  idea  of  eliminating 
hazards  before  the  road  to  be  constructed  is  determined  upon. 

In  laying  out  the  Wisconsin  State  trunk  highway  system, 
it  was  possible  for  us  to  eliminate  a  large  number  of  grade- 
crossings  with  railroads,  heavy  grades,  right-angle  and  other 
dangerous  curves,  and  other  hazards  without  spending  a 
dollar  in  construction  but  simply  by  selecting  routes  other 
than  those  which  had  been  customarily  followed.  If  we  had 
this  work  to  do  over  again  we  would  be  much  more  radical 
in   making  new  routings. 

Beauty  Also  a  Factor  to  Consider. — Another  factor  which 
should  be  considered  in  the  layouts  is  that  of  making  ac- 
cessible or  visible  any  feature  of  the  landscape  or  topography 
which  is  extraordinary,  beautiful  or  attractive.  Weight  given 
to  the  selection  of  routes  which  are  attractive,  scenically  or 
artistically,  will  vary  a  great  deal  in  accordance  with  the  area 
traversed  and  the  country  served.  Those  states  which  are 
intending  to  capitalize  and  encourage  tourist  traffic  should 
pay  a  very  considerable  amount  of  attention  to  the  factor  of 
having  their  roads  run,  wherever  possible,  where  the  scenery 
is  attractive  or  where  lakes,  rivers,  mountains,  and  forests, 
can  be  set  out  well  and  made  fully  accessible.  In  states  or 
parts  of  states  where  these  features  are  not  present,  there 
should  be  the  strictest  adherence  to  utilitarian  practice  in  se- 
lecting the  shortest  road  which  will  carry  traffic  safely  and 
cheaply. 

We  have  found,  by  sad  experience,  that  any  effort  to  serve 
two  purposes  with  one  road  or  to  compromise  on  locations 
is  a  fatal  mistake.  Serve  those  purposes  which  should  first 
be  served  with  the  right  road,  and  if  there  is  not  enough 
mileage  to  go  around,  serve  the  other  purposes  with  the 
right  road  later.     As  well  try  to  make  a  good  bird  dog  into 
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a  good  rabbit  dog  as  to  try  to  combine  routes  in  an  effort  to 
serve  two  or  more  divergent  lines  of  traffic,  to  the  lasting 
economic  disadvantage  of  all  traffic  in  the  vicinity. 

Some  Fundamentals  of  Design  for  Safety. — It  is  in  the  de- 
sign of  highway  structures  that  the  greatest  advancement  can  ■ 
be  made  towards  securing  both  safety  and  beauty.  Up  to 
the  present  the  principal  idea  of  American  highway  engineers 
has  been  to  build  a  structure  which  would  stand  up  under 
traffic.  Not  only  has  very  little  attention  been  paid  to  the 
artistic,  but  in  many  cases  very  little  attention  has  been  paid 
to  safety.  Practice  along  safety  lines  is,  however,  making 
rapid  advances  as  traffic  becomes  heavier  and  faster. 

A  great  many  accidents  take  place  at  curves,  both  vertical 
and  horizontal,  and  it  is  at  these  critical  points  that  the 
greatest  advance  in  the  art  of  highway  design  can  be  made. 
It  has  recently  been  stated  that  more  accidents  occur  on 
straight  highways  than  on  curving  and  presumably  dangerous 
highways.  I  doubt  if  this  is  true.  If  so,  it  is  undoubtedly 
due  to  one  or  both  of  two  causes:  (a)  too  narrow  surfacing; 
(b)  the  presence  of  more  traffic  on  the  straight  away 
stretches  than  on  the  sections  with  excessive  curvature.  I 
doubt  not  that  in  practically  every  case  if  the  exact  number 
of  vehicles  and  accidents  were  known,  the  road  with  the 
most  sharp  curves  would  show  the  most  accidents  per  mile 
of  traffic.  A  comparison  of  accidents  without  a  comparison 
of  traffic  is  worthless. 

Vertical  curves  are  almost  as  dangerous  as  horizontal 
curves,  especially  if  the  surfaces  are  narrow  and  the  drivers 
do  not  keep  to  the  right  side  of  the  road  on  approaching 
the  crown  of  hills.  Vertical  curves  should  have  a  radius  of 
at  least  1,000  ft.  With  this  radius  an  approaching  vehicle 
can  be  seen  200  ft.  ahead,  and  there  is  comparative  safety 
if  there  is  moderately  careful  driving. 

No  horizontal  curves  of  less  than  300-ft.  radius  should  be 
planned  unless  the  circumstances  are  very  exceptional  on 
high  speed  main  lines  of  travel,  and  on  roads  which  carry 
the  highest  character  of  traffic  almost  any  expenditure  is 
justified  in  order  to  secure  such  curves  or  even  easier  ones. 
A  curve  of  300-ft.  radius  in  cut  gives  vision  only  200  ft.  ahead 
and  this  is  little  enough  when  it  is  considered  that  two  cars- 
going  30  miles  an  hour  will  meet  in  2  seconds  after  seeing 
each  other. 

Superelevation  and  Widening  Necessary. — Curves  should^ 
of  course,  be  superelevated  and  widened.  This  practice  is 
now  general  in  the  several  states,  and  while  in  most  cases 
it  has  not  proceeded  far  enough,  more  radical  supereleva- 
tions are  being  used  each  year.  It  is  our  opinion  that  on 
curves  less  than  300  ft.  in  radius,  superelevations  up  to  1 
in.  to  the  foot  are  desirable.  All  curves  of  less  than  1,000-ft. 
radius  should  be  widened,  the  widening  being  greater  as  the 
radius  of  the  curve  becomes  smaller.  If  radii  as  small  as  300 
ft.  are  used,  the  widening  should  be  to  at  least  24  ft.  on  a 
two-way   road. 

Where  it  is  impossible  to  get  curves  with  a  radius  of  30O 
ft.  or  more,  if  such  a  case  exists,  care  should  be  taken  to- 
secure  at  least  200  ft.  of  vision  ahead.  Too  many  engineers 
are  placing  their  curves  so  as  to  restrict  the  vision,  when  it 
is  possible  by  throwing  the  ends  of  the  tangents  away  from 
the  bank  to  put  in  the  same  curve  and  still  get  vision  past 
the  bank.  Cutting  down  banks  to  the  line  of  vision  is  being 
practiced  to  some  extent,  but  unless  good  maintenance  is 
secured  this  is  not  proving  as  satisfactory  as  was  expected. 

Dead  ends  come  under  the  same  classification  as  curves. 
Dead  ends  are  corners  where  the  course  of  the  main  high- 
way is  not  continued  by  an  inferior  highway,  while  the  main 
highway  makes  a  sharp  turn.  Treatment  at  such  places 
should  be  just  as  radical  as  at  curves,  and  added  protection 
should  be  given  by  erecting  white  boarding  across  the  dead 
end  so  that  the  driver  is  notified  that  the  highway  turns 
sharply.  On  such  boards  an  arrow  indicating  the  direction 
of  the  turn  is  helpful. 

We  wish  to  emphasize  that  the  points  of  danger  on  our 
highways  occur  at  curves,  and  on  high-speed,  main  lines  of 
traffic  too  much  money  cannot  be  spent  in  securing  good 
vision  by  building  curves  of  easy  radius.  The  fact  that  in 
every  case  an  easier  curve  shortens  the  center  line  distance 
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ami  thus  reduces  the  amount  of  paving  required,  always  helps 
to  offset  the  additional  cost  of  securing  right  oi  way  for  such 

ciirv.s 

Insufficient  Width  Also  a  Source  of  Danger. — After  curves, 
the  factor  which  probably  produces  the  greatest  number  of 
accidents  is  narrow  surfacing.  It  is  our  opinion  that  no  per- 
manent roadway  should  he  built  of  a  width  less  than  Is  ft. 
on  any  main  line  of  travel,  and  that  20  ft.  is  a  much  better 
and  safer  width.  We  do  not  believe  in  building  over  20  ft. 
Wide  unless  a  road  for  four  lines  of  traffic  is  desired,  in 
which  case  36  ft.  should  be  the  minimum,  and  40  ft.  would 
he  much  better. 

It  is  the  writer's  opinion  that  pavements  oa  high  speed 
roads  should  be  some  multiple  of  10  ft.  in  width,  providing 
a  lane  10  ft.  wide  for  each  line  of  traffic.  Such  wldtl 
14.  15,  1»1.  24  and  32  ft.,  and  any' other  widths  which  do  not 
provide  a  clear  width  of  at  least  9  ft.  for  each  line  of  vehicles 
sought  to  be  accommodated,  are  bastard  widths  and  should 
never  be  used.  Large  amounts  have  been  wasted,  or  par- 
tially wasted,  in  building  pavements  of  such  widths.  If  the 
traffic  does  not  justify  at  least  IS  ft  .  a  9  or  LO-fl  road  should 
be  built  so  that  no  one  will  be  deceived  into  believing  mat 
there  is  a  double  track  road  when  none,  in  fact,  exists.  Such 
roads  can  he  made  double-track  road-  later  when  funds  be- 
come available.  We  believe  also  that  wide  pavements  make 
for  easier  and  cheaper  maintenance,  in  that  thej  keep  the 
traffic  off  the  edges  of  the  pavement  (which  are  always  danger 
points!,  make  for  easier  shoulder  maintenance,  and  also  pro- 
vide  for  a   moderate  distribution  of  traffic. 

Bridges  and  culverts  should  be  built  of  adequate  widths 
between  endwalls.  The  distance  between  endwalls  should 
l"1  at  least  equal  to  the  width  of  the  top  of  the  fills  when 
new.  We  suggest  that  on  main  lines  of  travel  not  less  than 
-'>;  it.  should  be  used  as  the  distance  between  endwalls  or 
parapets  of  bridges  and  culverts,  and  if  the  grades  are  wider, 
greater  distance  should  be  provided. 

In  the  design  of  bridges  and  culverts,  especially  in  the 
endwalls  and  railings,  there  are  great  opportunities  for  the 
beaut ilicatioti  of  highways.  Artistic  paneling  or  spindles 
add  very  materially  to  the  appearance  of  concrete  structures 
without  adding  greatly  to  their  cost.  We  also  find  that  our 
people  are  willing  to  pay  for  the  artistic  once  they  have  a 
sufficient  number  of  samples  of  artistic  bridges  from  which 
to  judge  the  effects  of  good  proportions  and  good  designs. 

There  is  room  for  more  artistic  development  in  the  con- 
struction of  guard  fences.  Nothing,  probably,  adds  more 
to  the  appearance  of  a  highway  than  well  constructed  guard 
fence,  well  aligned  and  painted  white  as  it  should  be.  It 
is  the  consensus  of  opinion  of  our  engineers  that  we,  in  com- 
mon with  most  states,  have  been  using  more  guard  fence  than 
was  necessary  and  that  part  of  the  money  spent  could  well 
be  saved  and,  if  necessary,  used  in  widening  the  fills.  The 
use  of  paint  or  whitewash  on  stones  to  define  the  edge  of 
till-,  where  the  curvature  or  height  of  fill  does  not  neces- 
sarily make  the  place  dangerous,  is  recommended  as  both 
cheap  and  effective.  There  is  so  little  horse-drawn  traffic 
now  that  the  old  purpose  of  guard  fence,  to  keep  horses 
from  jumping  off  the  edges  of  fills  when  frightened  by  auto- 
mobiles,  is  almost  done  away  with. 

Preserve  the  Trees.— Every  tree  which  adds  any  beauty  to 
the  landscape  should  be  saved,  if  possible,  and  where  there 
are  groups  of  trees  offering  effective  relief  it  is  worth  while 
to  make  changes  in  the  center  line  to  save  these  trees,  even 
if  additional  right  of  way  has  to  be  secured  on  the  other  side. 
A  good  tree  takes  many  years  to  grow  and  can  be  cut  down 
in  a  few  minutes.  Most  of  us  have  been  wasteful  in  our 
destruction  of  good  trees  and  have  not  made  the  exceptions 
which  should  have  been  made  in  saving  trees  or  groups  of 
trees  of  distinctive  character  and  merit. 

Within  the  limits  of  slopes,  brush  and  shrubbery,  as  well 
as  all  other  vegetation,  have  to  go.  In  many  cases,  however, 
the  clearing  and  grubbing  limits  are  defined  as  wider  than 
the  slope  limits,  and  thousands  of  acres  of  effective  shrub- 
bery and  flowers  have  been  destroyed  which  could  just  as 
well  have  been  saved.  The  clearing  and  grubbing  limits 
should  follow  the  slope  line  except  in  the  northern  states, 
where  snow  drifting  can  be  expected.  In  such  cases  low- 
growing  brush  cannot  be  encouraged  because  it  promotes 
snow  drifting  unless  the  line  of  brush  is  well  back  from  the 
edge  of  cuts. 

Incident  to  this  point,  we  probably  have  not  paid  enough 


attention  to  buying  additional  right  of  waj  where  snow 
drifts  occur  and  planting  shrubbery  far  enough  back  in  the 
fields  so  that  the  snow  will  not  be  thrown  into  tie  road  cuts. 
It  is  our  opinion  that  this  is  the  most  effective  method  ,.i 
keeping  the  mads  open  and  should  he  used  more  generally. 
The  debate  between  shrubbery  and  snow  fences  as  means 
of  locating  snow  drifts,  is  probably  close,  hut  we  shall  not 
enter  info   it   here. 

We  have  heard  a  good  dial  about  tree  planting  along 
highways.  We  are  entirely  \  mpatliet  i<-  with  it  if  it  is  car- 
ried out  and  followed  out  b>  ;ui  organization  which  has  some 
permanency,  hut  the  spasmodic  trumpet  blowing  attempts  to 

plant  a  few  ineffective  saplings  on  certain  days  and  think 
about  them  no  more,  have  rather  discouraged  most  of  us  who 
really  believe  in  tree  planting  where  the  surrounding  circum- 
stances permit.  There  have  so  far  been  more  "nuts"  bearing 
trees  to  plant   than   planted    trees  bearing   nuts. 

A  good  deal  of  this  work  has  been  done  without  forethought 
and  judgment.  If  anything  really  effective  is  to  be  done  it 
is  the  writer's  opinion  that  it  must  be  done  by  the  state  High- 
way departments  in  co-operation  with  the  state  forestry  de- 
part monts.  and  not  only  must  the  trees  be  stuck  into  the 
-round  but  they  must  be  carefully  attended  until  they  become 
Old  enough  to  take  care  of  themselves.  We  will  undoubtedly 
see  advances  in  this  direction  within  the  next  lew  years. 
With  good  care  and  judgment  exercised  in  the  selection  and 
planting  of  trees  of  suitable  character  there  is  nothing  ob- 
jectionable about  planting  trees  along  highways,  and  much 
to  be  said  in  favor  of  it.  Even  if  in  some  cases  a  bonus  has 
to  be  paid  to  abutting  farmers  on  account  of  losses  due  to 
shading,  it  is  well  worth  while  from  the  public  standpoint, 
and  we  believe  it  is  possible  to  secure  such  relinquishments 
from  abutting  farmers  where  tree  planting  is  advisable  at 
a  very  reasonable  cost,  considering  the  artistic  effects  and 
real  benefits  to  be  secured.  Even  in  well  timbered  states 
there  are  sections  where  a  little  green  on  the  landscape  and 
and  a   little  shade  is  very  welcome  indeed. 

The  general  remarks  as  to  trees  apply  also  to  shrubbery. 
Planted  with  discretion  shrubbery  of  the  right  kind  and 
Bowers  certainly  add  very  much  to  the  general  roadside  ap- 
pearance, and  are  worth  money  if  the  beautiful  is  ever  worth 
money.  All  of  these  matters,  however,  will  have  to  be  de- 
veloped slowly,  because  a  very  small  fraction  of  our  people 
are  willing  to  spend  any  considerable  amount  of  money  in 
highway  adornment.  The  highways  are  too  badly  needed, 
in  the  opinion  of  most  people,  to  permit  the  spending  of 
large  funds  in  beautifying  them.  A  good  many  feel  that 
they  cannot  admire  landscapes  and  artistic  effects  so  long 
as  the  roads  are  impassable,  and  prefer  to  spend  money  in 
building  the  roads  first  and  develop  the  beautiful  later. 

This  objection  cannot  be  urged  against  saving  what  is  al- 
ready there,  and  much  of  this  can  be  saved,  not  only  without 
additional  cost,  but  actually  at  less  cost  because  of  the  lower 
expenditure  for  clearing  and  grubbing.  We  should  not,  how- 
ever, allow  beauty  to  interfere  with  safety  It  is  small  solace 
to  the  injured  or  to  the  families  of  persons  killed  that  acci- 
dents occur  in  and  are  due  to  beautiful  surroundings.  The 
smell  of  roses  or  honeysuckle  is  small  solace  in  case  of  real 
disaster. 


Eliminate  Grade  Crossings. — After  curves  and  narrow  sur- 
facing comes  the  next  most  prevalent  cause  of  highway  acci- 
dents— the  railway  grade  crossing.  The  only  safe  grade 
crossing  is  one  which  has  been  eliminated  Many  accidents 
testify  that  all  forms  of  so-called  crossing  protection  fall 
down,  even  flagmen  and  gates.  In  planning  new  main  high- 
ways every  possible  effort  should  be  made  to  secure  the 
elimination  of  all  grade  crossings.  Each  can  be  done  usually 
in  relocating  the  highways  so  as  to  avoid  crossing  the  rail- 
ways at  all.  Where  two  crossings  with  the  same  railway  line 
lie  within  five  miles  of  each  other,  it  will  usually  be  cheaper 
to  buy  a  new  right  of  way  on  one  side  of  the  track  and  grade 
and  drain  it  than  to  separate  the  two  crossings.  If,  however, 
there  is  something  which  must  be  met  on  the  opposite  side 
of  the  track,  such  as  a  village  or  city  which  it  is  necessary 
to  accommodate,  this  course  may  not  be  feasible,  although 
quite  usually  between  the  two  crossings  some  point  can  be 
found  where  a  separation  can  be  made  accommodating  traffic 
to  and  from  the  city  or  village  in  question,  while  the  main 
line  of  traffic  is  left  free. 

Each  case  must  be  decided  upon  its  merits  but  both  under- 
ground and  overgrade  crossings  have  disadvantages  in  align- 
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ment,  and  the  best  solution  in  four  cases  out  of  five,  where 
the  crossings  are  not  too  far  apart,  is  to  relocate  along  side 
the  track.  Where  a  highway  must  cross  a  railway  an  over- 
head is  usually  superior  to  an  undergrade  crossing  for  several 
reasons,  and  is  usually  less  expensive. 

Up  to  recent  years  about  two  out  of  three  grade  separa- 
tions built  by  the  railroad  have,  in  reality,  been  more  danger- 
ous to  highway  traffic  than  the  grade  crossings  they  replaced, 
because  the  railroads  paid  no  attention  to  the  matter  of  high- 
way alignment  and  in  almost  every  case  used  crossings  per- 
pendicular to  their  tracks  with  two  sharp  and  sometimes 
blind  approach  curves.  Such  crossings  are  seldom,  if  ever, 
satisfactory  where  the  highway  is  in  general  paralleling  the 
railroad  as  many  main  highways  naturally  do,  and  when  new 
crossings  have  to  be  built  the  decision  almost  inevitably  falls 
upon  relocating  the  highway. 

Highway  intersections,  especially  intersections  of  roads 
built  for  high  speed  are  another  source  of  grave  danger.  All 
intersections  should  be  well  signed  on  both  highways  and  in 
addition  good  Ys  should  be  put  in  in  each  direction,  because 
such  Ys  serve  to  increase  the  vision  for  the  traffic  which 
crosses  perpendicularly,  and  the  traffic  which  makes  the 
turn  fits  into  line  much  better  if  its  course  is  changed  as  it 
comes  in  to  its  new  line  of  travel. 

At  many  crossings  of  two  supremely  important  highways 
it  is  undoubtedly  going  to  be  necessary  to  separate  the  grades 
just  as  railroads  have  found  it  necessary  to  separate  their 
important  crossings.  This  may  sound  extreme,  but  where 
such  cases  exist  on  really  important  lines  of  traffic,  there 
can  be  no  doubt  that  the  separation  of  the  two  roadways  is 
not  only  desirable  but  an  economic  necessity. 

Safety  Measures  Used  During  Construction. — Although  the 
safety  and  the  beauty  of  the  highway  depend  principally 
upon  the  design,  there  are  many  accidents  which  are  caused 
by  failure  to  take  proper  precautions  during  construction.  If 
a  road  is  to  be  kept  open  to  travel  during  construction,  the 
safety  and  convenience  of  the  traveling  public  should  be  the 
paramount  consideration  rather  than  a  matter  to  be  almost 
totally  disregarded  as  is  the  case  in  too  many  instances  at 
the  present  time. 

Roads  under  construction  should  either  be  wholly  closed 
to  general  traffic,  or  kept  open  under  conditions  which  guaran- 
tee safe  and  easy  passage.  If  kept  open,  grading  should  be 
kept  closely  in  hand.  On  ordinary  road  work  there  is  no 
great  reason  why  there  should  be  more  than  one  mile  between 
the  completed  grading  and  the  first  plowing  ahead.  Con- 
tractors would,  in  most  cases,  be  much  ahead  if  instead  of 
spreading  their  work  over  the  whole  length  of  the  contract 
and  finishing  nothing  until  the  last  operation,  they  would 
keep  the  grading  operation  well  in  hand  and  finish  as  they 
go,  starting  a  slope  trimming  and  finishing  crew  as  soon  as 
the  roughing  out  has  proceeded  not  over  a  mile. 

On  many  highway  jobs  the  grade  lifts  are  too  heavy.  Drops 
of  3  or  4  ft.  at  the  end  of  a  fill  are  not  uncommon.  This  is 
contrary  to  most  specifications,  makes  a  poor  road,  poorly 
compacted,  and  besides  gravely  inconveniences  the  travel 
both  in  going  up  and  down  the  breast.  Even  where  the  cut  is 
not  completed  or  where  the  fill  is  not  completed,  it  can  be 
kept  reasonably  smooth  by  operating  a  grader  constantly 
over  it  as  the  material  is  being  cut  and  filled. 

The  most  striking  difficulties  encountered  in  keeping  roads 
open  during  construction  are  the  short  detours  around  cul- 
verts and  bridges.  In  the  case  of  bridges,  wherever  the 
alignment  permits,  it  is  much  better  to  build  the  bridge  on 
a  new  site  even  at  the  cost  of  a  few  hundred  dollars  addi- 
tional, and  permit  the  traffic  to  use  the  old  bridge  rather  than 
a  temporary  structure.  In  quite  a  number  of  cases  curves 
occur  near  bridges,  and  it  is  possible  by  a  new  alignment  at 
the  point  to  build  a  new  bridge  and  maintain  the  old  one 
during   construction. 

In  the  case  of  culverts,  instead  of  detouring  the  traffic 
across  the  ditches  and  through  fields,  which  usually  are  im- 
passable after  each  rain,  we  should  build  the  culverts  in  two 
sections.  While  it  is  slightly  more  costly  to  do  this,  the 
additional  cost  is  made  up  many  times  in  savings  to  the 
traffic.    W(    :  mented  with  this  method  during  the 

last  season  and  our  plans  and  specifications  for  next  year 
will  call  for  the  construction  of  culverts  in  two  sections 
wherever  we  expect  to  keep  the  road  open  for  traffic. 

In  some  of  the  eastern  states  roads  have  been  built  in 
halves  and  the  traffic  dispatr  ogle  direction  by  a 


system  of  telephoning.  We  traveled  over  sections  of  high- 
way so  handled  this  year,  and  it  was  our  impression  that 
for  a  main  line  of  traffic  this  method  was  unsatisfactory 
and  that  if  the  money  expended  in  dispatching  and  in  addi- 
tional cost  of  construction  under  such  conditions  had  been 
spent  in  temporarily  fitting  a  detour  or  detours  for  traffic, 
the  result  could  not  but  he  more  satisfactory,  unless  there 
were  positively  no  detour  available.  Conditions  under  traffic 
so  carried  on  Sundays  and  legal  holidays  must,  indeed,  have 
been   serious. 

Detours  Should  Receive  Careful  Attention. — Where  high- 
ways under  construction  are  to  be  absolutely  closed  careful 
attention  should  be  given  to  the  detour.  If  possible,  the  road 
over  which  the  detour  is  to  be  carried  should  be  given  the 
proper  amount  of  attention  the  preceding  year.  Nothing  is 
more  exasperating  to  the  motorist  than  to  be  detoured  along 
a  certain  highway  and  to  find  it  has  been  recently  graded  to 
be  ready  for  the  detour  and  is,  itself,  as  impassable  as  the 
highway  from  which  the  traffic  has  been  diverted.  A  little 
more  care  and  attention  given  in  advance  to  detours  will  pay 
heavy  dividends  in  satisfaction  to  the  traveling  public. 

Where  opportunity  exists  it  is  much  better  to  provide  a 
detour  for  one  line  of  traffic,  and  to  use  another  highway  for 
traffic  going  in  the  opposite  direction.  If  the  roads  selected 
for  the  detours  are  narrow,  this  avoids  many  complications 
in  meeting  and  many  accidents  and  facilitates  the  passage 
of  both  lines  of  traffic.  Furthermore,  the  detour  roads  are 
not  quite  so  seriously  damaged  if  the  traffic  is  halved.  We 
feel  that  where  there  is  any  question  of  reasonable  doubt 
the  double  detour  should  be  used. 

Needless  to  say,  detours  should  be  signed  and  maintained. 
Signing  detours  does  not  mean  just  pointing  an  arrow  at  the 
first  turn  away  from  the  road  under  improvement.  It  means 
a  consistent  series  of  signs,  directing  traffic  adequately  from 
beginning  to  end  of  the  detour.  There  is  no  more  helpless 
feeling  than  that  which  comes  to  one  lost  on  a  supposed 
detour  at  midnight,  possibly  with  the  rain  descending,  and 
all  the  farmers  in  the  neighborhood  gone  to  bed.  If  all  of 
our  engineers  and  contractors  had  been  caught  in  such  pre- 
dicament (as  I  have  been)  there  would  be  much  greater 
care  used  in  the  selection,  maintenance,  and  signing  of  de- 
tours than   is  now   generally  exercised. 

A  good  many  present-day  highways  must  be  detoured 
when  constructed.  It  is  practically  impossible  to  construct 
a  concrete  road  without  detours.  The  same  is  true  of  almost 
every  road  except  graveling  and  grading  jobs.  But  the  cost 
of  detouring  is  a  very  heavy  charge  upon  the  traveling  public. 
Almost  invariably  the  detours  are  longer  than  the  road 
under  construction,  and  if  the  road  under  construction  is 
a  heavily  traveled  one,  the  cost  to  the  traffic  of  making  a 
detour,  even  one  mile  longer  than  the  straight  road,  is  very 
heavy.  For  instance,  a  detour  three  miles  longer  than  the 
main  road,  carrying  a  traffic  of  800  vehicles  a  day,  means 
a  daily  total  of  extra  travel  of  2,400  miles,  which  even  at 
10  ct.  a  mile  is  $240  per  day.  If  the  road  under  construction  is 
kept  closed  for  4  months,  the  cost  of  detouring  will  be  $28,800, 
and  unless  the  structure  is  of  such  a  character  as  absolutely 
to  preclude  taking  traffic  through,  any  reasonable  expendi- 
ture in  keeping  it  open  for  traffic  can  be  seen  to  be  fully 
justified. 

Whether  to  detour  or  not  is  a  matter  of  especial  consid- 
eration for  each  particular  set  of  circumstances.  Detours 
should  certainly  be  kept  to  the  minimum  both  in  number  and 
in  length,  and  where  necessarily  used  should  be  made  as 
safe  as  possible  and  as  unmistakable  as  foresight  can  make 
them. 

Danger  Signs  Should  Be  Used  Only  Where  Danger  Actually 
Exists. — Much  can  he  done  to  promote  safety  in  highway 
use  by  the  erection  of  proper  signs  at  places  which  are 
really  dangerous.  All  railroad  grade  crossings  should,  of 
course,  be  posted.  Many  States  have  uniform  signs  and 
uniform  posting  laws.  The  white  circular  disc  with  the 
two  black  division  lines  and  the  letters  "R.  R."  is  now  prac- 
tically standard,  and  inasmuch  as  its  use  is  so  general  it 
should  be  made  universal.  All  sharp  turns  should  be  signed; 
also  school  houses,  approaches  to  principal  highway  crossings, 
and  all  other  places  where  the  operator  of  a  car  should  have 
it  under  full  control. 

The  flashing  signals  on  the  market  are  good,  but  so  ex- 
pensive as  to  practically  prohibit  their  use,  because  when 
such   signals   are   used    they   should   be   used   universally   or 


(22) 


Engineering  ayid  Contracting  foi  January  i.  1922. 


23 


else  they  add  to  the  danger  rather  than  lessen  it.  Winn 
considered  from  a  statewide  standpoint  the  millions  Ol  do] 
lars  involved   put   them  out  of  the  question   tor   the  average 

State. 

Dead  ends  and  very  sharp  turns  which  are  unavoidably 
present  should  be  boarded  across  thi  end  with  a  white  sign- 
board, with  an  arrow  indicating  the  direction  of  the  turn. 

During  construction  green  Sags  liould  be  used  bj  day  and 
green  lights  by  night  to  give  advance  warning  ol  danger 
ahead.  The  actual  point  of  danger  should  be  red-flagged 
and  red-lighted  at  the  point  of  repair  or  replacement,  A 
single  red  lighl   at   the  structure  or  place  Of  repair  is  not  sutli- 

cient  on  high-speed  roads,  because  often  these  are  mi 

for  the  rear  lights  ol   othei    motoi  -.   and  even    when 

not    so   mistaken    the   drivei    sometimes   cannot 

striking    the    obstruction.      There    has    been    too    little 
caution  signs  well   in   advance  of  danger,  and   practice  in  this 
respect    should    be    improved 

far.'   should   be   exercised    in   erecting   simis    indicatn 
ger  that  they  are  not  elected  where,  in  fact,  no  danger  exists, 
because     the     Constant     passing     of    danger    signs     where     no 
danger   is    later  apparent    makes   drivi  and    has    the 

effect  ol  the  crj  of  wolf  wolf!  and  Snail]  when  actual  dan- 
ger is  encountered  disaster  ensues 

Incident  to  the  use  of  proper  guiding  and  warning  signs  is 
the  very  advisable  removal  of  all  advertising  simis  along 
highways,  especially  those  which  interfere  with  vision.  We 
are  of  those  who  believe  that  our  highways  are  no  pi., 
advertising.  Heaven  knows  there  are  enough 
publicity  open  to  those  who  wish  to  sell  their  goods  without 
making  our  rural  landscapes  a  futuristic  nightmare.  The 
total  elimination  of  such  signs  is  coming  very  fast  and  this 
reform  will  probably  do  more  to  add  beaut]  to  our  highways 
than  any  other  single  thing.  If  manufacturers  understood  that 
instead  of  adding  to  their  trade,  these  signs  serve  to  lessen 
it,  their  passing  would  he  only  a  matter  of  a  very  few  years, 
and  they  can  be  made  to  understand  this  by  a  proper  cam- 
paign of  education  and   warning. 

The  division  of  roads  by  center  line  marking,  especially 
at  curves,  is  a  growing  practice.  There  can  lie  urged  against 
it  the  objections  that  it  serves  to  concentrate  traffic  too 
much,  and  that  it  also  keeps  traffic  constantly  near  the  edges 
of  the  road  slab,  thus  encouraging  corner  breaking.  I  feel 
that  its  expediency  is  very  debatable  on  straight  stretches 
of  highway,  but  that  on  curves  it  should  lie  universally  used. 
The  possibility  of  indicating  turns,  road  intersections,  and 
approaching  danger  on  the  road  surface  itself  has  not  been 
thoroughly  worked  out,  hut  we  feel  that  there  are  di 
chances  of  advance  along  this  line.  The  good  driver  is  al- 
ways watching  the  road  and  can  readily  note  such  signs  if 
they  can  he  kept  clearly  marked. 

Proper  Maintenance  Also  Contribute  to  Safety  and  Beauty. 
Something  can  be  done  for  both  safety  and  beauty  by  prop- 
er maintenance.  Signs  should  be  kept  clean  and  repainted 
as  often  as  necessary.  The  discreet  use  of  paint  and  white- 
wash on  guard  fences,  limiting  stones,  and  signs  adds  much 
to  the  attractiveness  of  a  road.  Brush  interfiling  with  vision 
at  corners  should  be  kept  well  cut.  The  roadside  should  be 
kept  mowed. 

It  should  not  be  assumed  that  just  because  detour  signs 
have  been  placed  they  are  going  to  remain  perpetually  as 
placed,  because  the  American  small  boy  and  other  vandals 
with  less  excuse  are  always  with  us.  Engineers  usually  go 
through  the  work  itself  and  very  seldom  use  the  detours,  and 
we  have  discovered  cases  where  practically  all  signs  were 
down  on  detours  without  the  men  directly  in  charge  know- 
ing it,  because  they  never  used  the  detour  but  went  through 
the  work.  Detours  should  be  in  charge  of  the  maintenance 
department  and  not  the  construction  department,  and  the 
maintenance  engineers  should  be  required  to  travel  the 
detours. 

Build  safety  into  the  structure  by  proper  design.  Do  not 
expect  to  provide  it  by  large  expenditures  of  paint  and  signs 
after  blunders  are  made.  Without  proper  design,  mainte 
nance  can  do  little  toward  providing  safety  except  in  cases 
of  disaster  to  the  road  structure.  .Maintenance  can,  how- 
ever, assist  in  beautification  by  providing  well-kept  surfaces, 
shoulders,  and  ditches,  and  by  keeping  all  signs  and  attend- 
ant structures  well  painted  or  clean.  In  one  way,  by  keep- 
ing shrubbery  and  trees  cut  so  that  they  will  not  interfere 
with  vision,  maintenance  will  add  to  the  safety  of  the  road. 


Material  Handling  on  a  Federal  Aid 
Job  in  Iowa 

The  methods  used  and  results  attained  in  handling  mate- 
rials for  the  construction  of  11.05  miles  of  concrete  road  in 
Palo  Alto  County,  Iowa,  are  briefly  described  herewith.    The 

road,  which  is  a  Federal  Aid  project,  is  located  between 
Emmetsburg  and  Mallard.  The  pavement  is  18  ft.  wide, 
s  in.   thick   at    the   center   and    7   in     at    lie     edges. 

Pit  run  gravel   was  used   in  .1    1    ::  \   mix.   which  corresponds 
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closely  to  a  1:2:3%  mix  with  sand  and  gravel  measured 
separately.  This  ratio  was  determined  upon  after  a  careful 
analysis  of  the  material. 

Grading   was  done  in  advance  by  county  forces. 

The  location    is  on  low  lands  adjacent  to  the  Des  Moines 

River,  and  at  times  of  high  water  is  partly  flooded.     The  soil 

is  a  black   loam   for  the   most    part  underlaid   with   sand  and 

andy  gravel.     A  light  industrial  railway  was  installed 

101   the  handling  of  all  materials  along  the  road. 

Gravel  for  the  work  was  mined  with  a  drag-line  outfit  by 
the  county  forces  at  a  point  1%  miles  west  and  1  mile  south 
en  Emmetsburg,  which  is  at  tin-  north  end  of  the  project. 
Although  the  job  was  let  in  1920,  a  delay  in  the  delivery  of 
equipment  limited  that  year's  construction  to  2  miles  of 
road  south  of  Emmetsburg.  Hauling  for  the  first  six  miles 
of  pavement  was  in  batch  boxes  over  the  industrial  track 
direct    from    the   gravid   pit   to   the   paver, 

During  the  winter  of  1920-1921  gravel  was  hauled  from  the 
pit  at  the  river  to  form  a  stock-pile  at  a  point  six  miles  south 
of  Emmetsburg.     The  gravel  was  loaded  into  the  batch  boxes 
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with  a  Barber-Greene  loader,  equipped  with  a  swivel  spout. 
and  was  unloaded  by  a  small  Byer's  crane,  which  raised  the 
hatch  boxes  and  dumped  them  to  form  a  stock  pile  250  ft. 
by  150  ft.  by  13  ft.  This  pile  contained  approximately  14,000 
cu.  yd.  of  material. 

When  the  1921  paving  season  opened  the  contractors  con- 
tinued to  haul  gravel  from  the  river  stock  pile  until  the  mid- 
point of  the  job  had  been  passed  by  the  mixer.  The  loader 
was  then  moved  to  the  newly  formed  stock  pile,  where  tracks 
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and  a  complete  material  yard  were  established,  tracks  to  the 
river  pit  were  taken  up,  and  the  paving  operation  was  con- 
tinued to  the  south.  Each  industrial  car  carried  44  cu.  ft. 
of  material,  or  enough  for  2  batches  of  concrete.  The  trains 
were  of  1"  cars  each.  The  track  was  located  close  beside  the 
finished  pavement. 

At  the  stock  pile  cars  were  dropped  into  position  by  hand, 
two  men  doing  that  work  and  making  the  necessary  clean- 
up around  the  loader.  One  man  operated  the  loader  and 
one  man  handled  the  swivel  spout  which  discharged  into  the 
batch  boxes.  On  the  average  20  batches  were  loaded  in  20 
minutes.    The  loader  was  never  worked  to  capacity. 

The  necessary  track  moving  was  done  by  the  loading  crew 
when  not  busy  otherwise  and  required  remarkably  little 
time.  These  four  men  with  pinch  bars  moved  100  ft.  of  track 
10  ft.  to  one  side  in  10  minutes.  As  about  2  weeks  was  re- 
quired  to  run  the  length  of  the  stock  pile,  track  moving  was 
a  very  small  item. 

The  loader  could  reach  20  ft.  from  the  toe  of  the  slope 
of  the  pile  to  the  center  of  the  batch  boxes.  Cement  was 
hauled  from  Emmetsburg  by  two  small  trucks  with  trailers, 
each  truck  and  trailer  carrying  about  100  sacks  per  trip, 
and  averaging  about  10  trips  per  day.  This  haul  of  six  miles 
was  over  the  finished  section  of  concrete  road,  the  grades 
of  which  were  very  flat.  A  small  cement  storage  shed  with 
a  capacity  of  250  bbl.  was  built  at  the  side  of  the  pavement 
at  the  material  yard,  and  when  cement  was  not  being  loaded 
directly  from  the  trucks  to  the  small  flat  cars  on  the  in- 
dustrial track  it  was  stored  there.  Two  flat  cars  with  60 
sacks  of  cement  were  in  each  train,  the  cement  ahead  of 
the  locomotive  and  the  batches  of  gravel  behind   it. 

At  the  mixer  the  cement  was  transferred  to  small  flat  cars 
carried  on  light  24-in.  gauge  track  laid  on  the  subgrade  be- 
tween forms.  As  the  mixer  advanced  sections  of  the  track 
were  moved  forward  and  the  cement  on  these  small  cars 
was  always  handy  and  off  the  ground.  The  batches  of  gravel 
were  dumped  in  the  mixer  skip  by  the  familiar  type  of  batch 
transfer.  Cement  was  put  into  the  skip  by  hand.  The  mixer 
was  a  No.  21E  Koehring  steam  paver  with  a  boom  and  bucket 
discharge. 

On  the  long  haul  of  six  miles  four  Whitcomb  locomotives 
were  used,  making  four  trips  each  in  a  10-hour  day.  Each 
batch  contained  6  bags  of  cement  and  22  cu.  ft.  of  gravel, 
which  was  sufficient  to  build  1.83  lin.  ft.  of  pavement.  An 
average  of  546  lin.  ft.  per  10-hr.  day  was  maintained  on  this 
job.  This  required  232  cu.  yd.  of  concrete  and  averaged  1 
batch  every  2  minutes  and  1  second.  The  maximum  pour  in 
10  hours  was  673  lin.  ft.,  or  285  cu.  yd.,  which  means  that 
1  batch  was  poured  every  1  minute  and  38  seconds. 

A  crew  of  21  men  handled  the  loading  and  hauling  of  ma- 
terial  as   follows: 

3  cement  car  unloacers. 
2  cement  truck  drivers. 

1  material  yard  foreman. 
1  loader  operator. 

1  loader  spout  man. 

2  men  switching  cars  and  cleaning  up. 

2  men  loading  cement  at  shed. 

4  locomotive  engineers. 

4    lOCOmo!  I\  I       IIT.tr).   n 

1  truckman. 
21       Total. 

A  crew  of  2V  men  handled  the  mixing,  placing,  etc.,  as 
follows: 

1   steam   pump  man. 

1   man  sprinkling. 

3  men  c«,\  ering  i  n  m  :rete. 
1  mai.   finish  ing   edge: 

1  machine  tamper  operator. 

2  men     pn  el  concrete. 
.    l  mixer  i  ng  ni 

1  mixer 

1  batch  transfer  derrick  man. 

2  men  chargin 

1  man 

2  mil  bate]    boxes 
2  men  on  forms. 

7  men    n 

1  roller   nan 
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Arkansas  Engineers  in  Public  Activities. — The  Arkansas 
Chapter  of  tin-  American  Association  of  Engineers  recently 
has  furthered  the  oi  of  the  Arkansas  Advancement 

Society,  the  purposes  of  which  are  the  promotion  of  the  gen- 
eral  interests  of  the  state  through  the  publication  of  correct 
information  on  its  affaii            ou  etc.     This  is  one  of  the 

first    instances    in    which      i  .is    been    undertaken 

directly  by  an  engineei iety. 


An     Analysis    of    Present     Highway 

Traffic    with    Predictions 

for  the  Future 

By  JOHN  H.   MULLEN, 

Chief    Engineer,    Minnesota    Highway    Department. 

[The   highly   interesting-  and   informative    paper   which   we 

give  herewith   in  full,  was  presented  at  the  meeting  of  the 

American  Association  of  State  Highway  Officials  at  Omaha, 

Dec.  5  to  8,  1921.— Editor,  Engineering  and  Contracting.] 

The  study  of  highway  traffic  has  been  made  necessary  by 
the  tremendous  increase  in  the  use  of  motor  vehicles  in  this 
country.  Within  less  than  15  years  a  complete  revolution 
of  highway  transportation  has  taken  place,  changing  within 
that  period  from  horse-drawn  to  almost  entirely  motor-driven 
traffic. 

Horse-Drawn  Traffic  Still  an  Element  to  Be  Considered  — 
On  account  of  the  small  percentage  of  horse-drawn  vehicles 
we  are  now  inclined  to  eliminate  them  from  consideration  as 
a  governing  factor  in  traffic  studies,  but  as  an  obstacle  to 
speed  and  consequently  as  a  limitation  on  the  volume  which 
may  be  carried  over  a  congested  line  this  traffic  is  of  impor- 
tance and  calls  for  thought  on  the  part  of  highway  engineers 
to  provide  some  relief  such  as  slow  traffic  lanes  along  the 
sides  of  heavy  traffic  roads.  Most  of  the  road  pavements  in 
■  this  country  have  been  built  16  to  18  ft.  wide  and  generally 
without  shoulders  adequate  to  carry  a  line  of  slow  moving 
traffic  When  one  of  these  roads  carrying  a  small  number 
of  horse-drawn  vehicles  acquires  a  traffic  of  over  1,500  ve- 
hicles per  day  there  is  congestion,  decrease  of  speed  and 
danger  of  collision  on  account  of  difficulty  in  passing.  The 
decrease  in  horse-drawn  as  a  percentage  of  the  total  traffic 
has  been  very  rapid,  but  this  does  not  mean  that  the  volume 
of  horse-drawn  traffic  has  decreased  in  like  proportion.  To 
the  contrary,  on  many  main  roads  it  has  remained  practically 
constant  and  in  some  instances  has  increased.  As  a  typical 
example,  on  one  of  the  main  roads  in  Minnesota  the  average 
daily  traffic  count  for  the  four  past  years  shows  the  follow- 
ing number  of  horse-drawn  vehicles  in  successive  years  17, 
33,  35  and  38  per  day,  a  reasonably  constant  number,  while 
the  same  road  for  the  same  years  showed  motor  vehicles  to 
the  number  of  440,  501,  883  and  1,230,  respectively.  This  sit- 
uation would  not  exist  on  roads  connecting  contiguous  indus- 
trial centers,  but  will  be  found  to  be  fairly  general  in  agri- 
cultural communities,  particularly  where  farms  are  small 
and  horses  are  required  for  other  farm  work.  In  other  words, 
throughout  the  United  States,  horse-drawn  traffic  will  have 
to  he  reckoned  with  as  a  minor  element  in  highway  trans- 
portation for  many  years. 

Traffic  Increased  as  a  Result  of  Increased  Radius  of  Com- 
mercial and  Social  Activity. — The  remarkable  increase  in 
the  number  of  motor  vehicles  in  use  in  this  country,  has 
brought  many  benefits.  As  a  business  proposition,  the  motor 
vehicle  has  increased  the  trade  radius  of  the  merchants,  and 
has  made  possible  dairying  and  crops  requiring  quick  mar- 
keting on  great  areas  of  land  which  could  formerly  be  uti- 
lized only  for  grains  and  staple  crops.  It  has  also  made  pos- 
sible the  de-centralization  of  smaller  industries  formerly 
confined  to  restricted  districts  on  account  of  slow  trucking, 
but  which  now  are  enabled  to  locate  in  suburban  territory. 
It  is  predicted  that  with  the  improvement  of  roads  this  latter 
condition  will  be  developed  to  an  extent  that  will  greatly 
improve  the  living  conditions  of  industrial  workers. 

The  motor  vehicle  is  revolutionizing  the  social  life  of 
the  country.  Formerly  the  general  travel  radius  on  roads 
did  not  exceed  10  miles  and  the  visiting  radius  in  the  rural 
districts  was  two  or  three  miles.  The  trip  to  town  was  often 
a  weekly  affair  taking  a  whole  uncomfortable  day.  Rarely 
was  there  any  visiting  between  towns  or  to  different  parts 
of  the  country  excepting  on  railroad  excursions.  But  with 
the  advent  of  the  motor  vehicle  the  travel  radius  on  high- 
ways has  been  greatly  extended  and  is  now  limited  only  to 
the  condition  of  the  roads.  We  find  in  the  lake  regions  of 
Minnesota  during  the  summer,  cars  from  nearly  every  state 
in  the  Union;  the  census  at  137  stations  in  the  State  during 
1921  showing  an  average  daily  traffic  of  565  cars  of  which 
59  or  more  than  10  per  cent  were  from  other  states.  It  is 
reasonable  to  assume  that  not  less  than  another  25  per  cent 
were  from  other  counties  within  the  State,  which  at  an  aver- 
age of  three  people  per  car  meant  at  least  600  outside  visitors 
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per  day   passing  each   recording   station.     Practicallj 
farmer   now   has  an   automobile   and    in    th<    rural   districts  of 
the   middle   west    there   are   farmers'   clubs   in    i 
township,   made   possible   by   their  ability   to   attend    evening 
meetings    without    discomfort.      The    trip    to    town    is    now   a 
relaxation  of  an  hour  oi  tor's  family  makes 

several  drives  a   week  to  attend  the  movies  or  other  diver- 
sions in  neighboring  towns. 

One  of  the  greatest   benefits   is  through   the   consolidation 
of  rural  school  districts  made  possible  by   motor  transport*- 
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Fig.   1 — lyiotor  Car   Registration    by   Years. 

tion,  which  is  giving  to  the  farm  children  throughout  the 
country  the  advantage  of  graded  schools  without  having  to 
move  to  the  cities.  All  of  this  is  giving  us  a  broader  view 
of  life  and  creating  better  general  conditions,  but  at  the 
same  time  is  increasing  traffic  on  the  highways,  which  re- 
quires extensive  programs  of  road  construction  and  main- 
tenance. 

Increase  in  Number  of  Automobiles  Per  Capita.  From 
such  records  as  are  obtainable,  it  appears  that  the  increase 
itor  traffic  is  very  nearly  in  the  ratio  of  Increase  of  motor 
vehicle  registration.  This  increase  in  the  United  States,  as 
shown  in  Fig.  1,  follows  a  rapidly  rising  curve,  starting  at 
48,000  vehicles  in  1906,  running  to  500,000  in  1910  and  2,445,- 
665  in   1915.     From  1915  to  1920  the  increa  practically 

uniform  .it   the  rate  of  about  1.300, vehicle.-    per  year,  with 

a  total  registration  Jan.  1,  1920,  of  7,565,446.  During  1920 
there  was  an  increase  of  1,666,945  vehicles,  making  a  total 
registration  on  Jan.  1,  1921,  of  9,231,941.     I;  OS  tor  the 

first  six  months  of  1921,  as  reported  in  "Public  Roads,"  is 
9,245,195,  which  would  indicate  a  considerable  falling  off  in 
the  ratio  of  increase  of  cars  this  year.  This  is  to  be  ex- 
pected, for  it  is  estimated  that  the  number  of  cars  in  propor- 
tion to  population  is  approaching  a  reasonable  maximum.  In 
the  United  States  there  were  40  persons  per  car  in  1915, 
14  per  car  in  1919,  and  11  persons  per  car  in  1920.  The  1920 
figures  range  from  a  maximum  of  "1  persons  per  car  in  one 
of  the  southern  states,  to  5  and  6  in  well  developed  agricul- 
tural sections,  with  12  to  14  persons  per  car  in  the  industrial 
sections  where  roads  are  practically  all  improved.  It  may 
safely  be  predicted  that  the  number  of  automobiles  will  not 
exceed  one  to  five  people  in  the  agricultural  sections  and 
one  to  ten  people  in  the  industrial  sections  of  the  country, 
even  under  the  most  prosperous  conditions,  with  the  prob- 
ability that  there  may  be  a  falling  off  in  ratio  during  times 
of  depression,  for  it  must  be  admitted  that  prosperity  has 
a  considerable  bearing  upon  the  number  of  passenger  cars 
in  the  country. 


Commercial     Traffic     Presents     Most     Difficult     Problem. — 
Seasonal  variation  in  traffic  as  shown  by  records  would  indi- 

tat  probably  25  to  35  pei 
is    regular    and    maj    be    classed  as  business  or    necessary 

traffic.      This    traffic    will    continue    to    use    the    existing    main 
lines   and    would    not    be   diverted    by    improvement    of   parallel 
i. ut  the  balance,  which  ■  nience 

or  pleasure  traffic  will  in  pari  seek  other  routes  when  the 
main  lines  heroine  congested.  Thi  leads  on 
that  a  considerable  portion  oi  th<  traffic  will  be  taken  care 
of  bj  parallel  roads,  and  excepting  for  suburban  roads  and 
routes  physically  confined  to  one  line  between  centers,  the 
volume    will    not     greatly     increase    on    thi  heavily 

traveled  mads,  hut  «iii  be    i <  mon    unil 1I3   over  paral- 
lel roul 

Commercial  traffic  and  passenger  husses, 

presents  the  most   difficult  problem  tor  solution  by  the  high- 
waj   official     This  i  lass  of.  traffic  has  had 
opment   within  a   verj    Ei 

not  be  accurately  estimated  tor  the  reason  thai 
State:  do  not  have  a  separati  registration  tor  trucks,  and 
traffic  counts  are  scattering  and  not  uniform  enough  for 
tabulation,  it  is  estimated  thai  there  were  approximately 
98S.000  trucks  and  commercial  cars  registered  for  the  year 
1920,  or  slightly  over  10  per  cent  of  the  total  motor  vehicles. 
It  is  evident  from  observation  and  traffic  counts  that  trucks 
are  coi  to     ities.  and  do  not  use  the  rural  high- 
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ways  in  the  proportion  that  pleasure  automobiles  do  except 
in  industrial  sections;  but  it  is  also  very  evident  that  the 
ratio  of  increase  in  the  number  using  the  roads  is  greater 
than  for  automobiles.  For  example,  traffic  counts  taken  at 
the  same  stations  on  State  roads  in  Minnesota  show  daily 
averages  for  1917  of  463  automobiles  and  8  trucks,  while  for 
1921  the  average  is  1,099  automobiles  and  72  trucks.   Reduced 
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to  percentage  the  increase  in  autos  is  137  per  cent  while  the 
increase  in  trucks  is  800  per  cent.  These  figures  are  taken 
on  roads  which  were  not  substantially  changed  as  to  surface 
and  the  increase  is  not  due  to  paving  or  other  influence  than 
the  development  ot  trucking.  Professor  Blanchard  is  author- 
ity for  the  statement  that  practically  the  same  situation 
exists  in  the  eastern  states,  but  of  course  in  much  greater 
volume;  and  cites  hard  surfaced  roads  in  Rhode  Island  upon 
which  automobile  traffic  increased  102  per  cent  in  the  past 
six  years  while  the  track  traffic  increased  659  per  cent.  The 
percentage  of  trucks  to  total  traffic  is  also  comparable  in 
both  of  these  cases,  in  Minnesota  the  increase  being  from 
1%  to  6%  per  cent  in  five  years,  and  in  Rhode  Island  from 
3  to  15  per  cent  in  six  years.  An  abstract  from  the  traffic 
counts  made  throughout  the  country  indicates  that  prac- 
tically the  same  ratio  of  increase  prevails,  and  that  the  ratio 
of  trucks  to  cars  comes  within  the  range  of  percentages 
above  stated,  which  is  an  indication  that  we  should  figure 
the  main  arterial  highways  to  carry  truck  traffic  in  the 
amount  of  about  10  per  cent  of  the  total,  running  up  to  20 
per  cent  or  better  on  main  arteries  connecting  centers  within 
50  miles  of  each  other,  and  not  less  than  5  per  cent  on  what 
might  be  termed  passenger  trails. 

Small  Percentage  of  Heavy  Trucks. — Observation  on  the 
kinds  of  truck  traffic  are  interesting,  and  contrary  to  the 
general  impression  we  find  that  the  heavy  truck  is  very 
much  in  the  minority  and  with  the  usual  exception  of  roads 
connecting  neighboring  cities,  the  5-ton  truck  does  not 
average  more  than  10  per  cent  of  the  total  truck  traffic, 
while  75  per  cent  of  the  trucks  are  2  tons  and  less.  It  is  to 
be  expected  that  truck  routes  up  to  50  miles  in  length  will 
have  an  increasing  number  of  5-ton  or  larger  trucks,  but 
up  to  the  present  time  and  in  the  near  future  the  bulk  of 
the  trunk  traffic  is  what  may  be  termed  express  rather  than 
freight  and  can  be  hauled  more  economically  in  the  lighter 
trucks.  Furthermore,  one  of  the  considerations  in  selecting 
truck  service  in  preference  to  railroad  service  is  speed  and 
the  convenience  in  the  pick  up  and  distribution  of  loads, 
which  are  points  in  favor  of  the  lighter  truck.  A  bulletin 
was  recently  issued  by  the  Department  of  Agriculture  deal- 
ing with  motor  trucks  on  farms,  in  which  it  is  stated  that 
on  a  survey  of  753  farms  in  the  eastern  states  it  is  found  that 
the  farmers  own  trucks  of  all  sizes  ranging  from  V2  to  5-ton 
capacity,  but  that  nearly  half  of  the  trucks  used  on  farms 
are  of  the  1-ton  size  with  only  3  per  cent  of  the  owners  rec- 
ommending trucks  of  over  2-ton  capacity.  The  same  condi- 
tion is  found  to  exist  in  the  middle  west  where  farmers  at 
a  considerable  distance  from  railroad  stations  are  using 
trucks  quite  extensively  and  in  practically  all  cases  are  se- 
lecting 2-ton  trucks  or  smaller  on  pneumatic  tires.  The 
extent  to  which  this  traffic  may  grow  is  dependent  almost 
entirely  upon  the  improvement  and  systematic  maintenance 
of  roads,  for  a  steady  traffic  of  20  trucks  per  day  regardless 
of  weather  conditions,  is  more  injurious  to  an  earth  or  gravel 
road  than  automobile  traffic  averaging  300  cars  per  day. 

Commercial  Trucking — Profitable  and  Unprofitable. — Com- 
mercial trucking  of  commodities  outside  of  cities  has  devel- 
oped somewhat  blindly  and  it  is  found  that  this  service  has 
not  been  generally  profitable  to  the  truck  owner  except 
where  the  entire  length  of  the  route  traversed  is  hard  sur- 
faced. As  an  example,  a  terminal  truck  service  was  estab- 
lished three  years  ago  at  the  Twin  Cities  in  Minnesota  and  in 
the  second  year  25  companies  were  operating  through  this 
agency  over  all  kinds  of  roads.  Of  this  number,  seven  have 
discontinued  business  on  account  of  poor  sections  of  road 
on  their  routes,  the  remaining  18  companies  are  continuing 
to  do  business  in  a  more  or  less  profitable  way  dependent 
upon  the  proportion  of  good  roads  on  the  lines  they  cover, 
been  conducted  practically  the  same  as  rail- 
road service  with  regular  tariff  sheets  for  the  various  lines 
and  with  cargo  insurance  in  all  cases.  An  attempt  was  made 
trucks  mi  a  time  schedule  but  this  was  found 
ally  impossible  on  account  of  weather  conditions 
ulinished  sections  of  road  which  prevented  hauling 
at  certain  times.  The  interesting  feature  to  engineers  in 
analyzing  this  service  is  that  the  trucking  companies  find 
2  and  3-ton  units  on  pneumatic  tires  to  be  the  economical 
size. 

Truck  Charges  Compared  with  Railway  Freight  and  Express 
Rale. — Fig.  2,  a   chart   of   the  ompared    with    first- 

class  freight  rates  for  less  than  carload  lots  and  first-class 


express  rates,  shows  that  the  auto  transportation  rates  while 
about  100  per  cent  above  the  freight  rate,  is  only  50  per  cent 
of  the  express  on  the  short  haul,  but  for  the  longer  haul  the 
ratio  of  difference  between  freight  and  auto  increases  and 
between  auto  and  express  decreases,  showing  that  the  un- 
restricted use  of  public  highways  for  commercial  trucking 
works  very  much  to  the  disadvantage  of  railroad  express 
business  for  distances  up  to  about  100  miles.  For  short- 
haul  freight,  when  taking  into  account  the  terminal  truck- 
ing, the  auto  transportation  will  relieve  the  railroads  of 
what  they  have  always  claimed  to  be  an  unprofitable  busi- 
ness and  this  at  a  decreased  cost  to  the  public.  In  this 
connection  it  is  interesting  to  note  the  reported  statement 
of  officials  of  a  railroad  company  in  New  England  that  the 
railroad  loses  $1,000,000  a  year  in  freight  revenues  on  the 
shoe  industry  alone  as  a  direct  result  of  motor  truck  com- 
petition and  that  some  of  the  small  branch  lines  in  the  in- 
dustrial sections  of  New  England  have  been  abandoned  by 
reason  of  their  inability  to  meet  motor  truck  competition. 

Motor  Bus  Service. — So  far  as  traffic  is  concerned  motor 
bus  service  may  be  included  as  trucking,  for  most  of  the 
busses  are  1%  and  2-ton  high  speed  trucks.  This  bus  service 
is  becoming  quite  general  throughout  the  country  and  is 
conducted  profitably  during  favorable  weather  at  rates 
slightly  less  than  railroad  passenger  rates.  We  find,  how- 
ever, that  there  is  a  decided  falling  off  in  the  motor  passen- 
ger business  during  bad  weather  and  in  winter.  Continuous 
bus  service  is  only  established  on  long  sections  of  surfaced 
roads,  and  with  the  paving  or  even  gravelling  of  connecting 
lines  of  travel  we  may  expect  a  substantial  development  of 
this  traffic  with  its  consequent  effect  upon  the  railroad 
passenger  business. 

It  is  very  evident  that  in  fairness  to  the  tax-paying  public 
and  the  railroads,  there  must  be  a  State  supervision  of  com- 
mercial use  of  the  highways,  and  that  taxes  on  gross  earn- 
ings should  be  imposed  for  this  privilege,  or  at  least  that 
more  equitable  motor  vehicle  taxes  be  fixed  for  such  use 
of  the  roads  with  all  revenue  made  available  for  road  pur- 
poses. It  is  only  reasonable  that  commercial  traffic  should 
carry  its  share  of  road  expense  and  that  the  State  should 
prohibit  the  commercial  hauling  of  passenger  or  commodi- 
ties on  public  highways  except  by  responsible  concerns 
bonded  and  supervised  by  the  State. 

Study  and  Regulation  of  Speed. — As  staged  with  reference 
to  horse-drawn  traffic,  the  volume  which  a  given  road  may 
carry  is  governed  very  largely  by  the  manner  in  which  traffic 
is  handled.  Practically  all  State  laws  now  prescribe  a  max- 
imum speed  limit  of  25  miles  per  hour  with  n»  reference  to 
minimum  speed.  To  properly  handle  traffic  the  maximum 
on  heavy  passenger  lines  should  he  increased  to  40  miles 
per  hour  for  certain  hours  of  the  day  with  a  requirement 
that  traffic  must  stop  on  the  intersecting  lines  before  cross- 
ing or  entering  the  main  line,  and  there  should  be  a  mini- 
mum speed  limit  on  main  lines  of  25  miles  per  hour  during 
these  hours.  It  will  be  found  that  roads  which  now  appear 
to  be  congested  will  very  easily  handle  their  traffic  within 
these  limits,  and  there  is  no  reason  why  the  minimum  rate 
of  speed  should  not  be  imposed  for  at  least  a  12-hour  period 
from  about  8  in  the  morning  until  the  same  hour  in  the  eve- 
ning. This  will  take  care  of  the  peak  load  of  passenger  and 
light  express  business  and  will  cause  the  slow,  heavy  truck- 
ing to  be  handled  during  the  night  when  there  will  not  be 
interference  on  either  side.  This  and  other  effective  traffic 
regulation  calls  for  a  State  system  of  traffic  police,  the  value 
and  efficiency  of  which  has  been  well  demonstrated  in  the 
State  of   Pennsylvania. 

Study  and  Regulation  of  Weight. — Highway  engineers  and 
most  truck  manufacturers  are  practically  agreed  upon  an 
economical  limit  of  weight  of  vehicles  and  wheel  loads  for 
public  highways.  This  is  expressed  in  the  proposed  uniform 
traffic  law  adopted  by  the  American  Association  of  State 
Highway  Officials  and  which  has  been  incorporated  in  the 
highway  laws  of  several  of  the  States,  but  in  all  localities 
we  find  an  occasional  trucking  company  or  truck  manufac- 
turer using  excessively  heavy  vehicles.  If  this  were  allowed 
to  continue  the  public  would  be  called  upon  for  an  unwar- 
ranted expense  to  rebuild  roads  destroyed  by  that  small  por- 
tion of  traffic  and  it  is  therefore  extremely  important  that 
a  uniform  limit  be  established  throughout  all  of  the  States, 
and  this  limit  should  be  well  within  the  maximum  prescribed 
in  the  proposed  traffic  law. 
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Importance  of  Studies  by  State  ana  National  Departments. 
— In  making  ;i  study  of  highway  traffic  one  is  impressed  by 
the  lack  of  definite  comprehensive  Information  on  the  sub- 
ject and  the  conclusion  is  that  In  everj  highway  department 
there    should    be    an    engineer  traffic    surveys. 

These  surreys  should  be  made  in  a  somewhat  uniform  man- 
ner in  all  of  the  States  and  the  results  compiled  for  the 
whole  country  by  the  Bureau  of  Public-  Roads.  The  high- 
way departments  are  not  organized  primarily  for  the  pur- 
pose of  moving  dirt  and  building  pavements,  but  in  perform- 
ing their  real  function  in  the  development  of  the  country 
thej  are  in  fact  great  traffic  departments  designed  to  pro- 
vide means  of  carrying  the  tremendous  volume  of  highway 
transportation,   and    to   properly   do   this   work   the   systematic 

study  of  highway  1 1  •  ntial. 


Blank  for  Keeping  Tab  on  Paver  Operations 

\  form  that  is  being  used  widely  in  the  south  by  contractors 

ports    on   operations   of   their   mixers    in    road    work   is 

illustrated  below.    On  the  paving  tine    the  contractor  is  not 

able  always  to  be  on  the  job  and  he  must  rely  on  the  reports 

)ob  Mixei  A'°  Dale 

—  INSTRUCTIONS  — 
Record  t,n  :or  *«h  batch.    WbMonr  a  delfty  of  fiv*  nunatm  orciin  give  rouon 


mr  .■(  , 

cl.y  by  »rr. 

.,.  r.J 

|     1    '" 

r. 

A.   M. 

P.   M. 

- 

1  1 

II 

1          2 

1 

< 

5 

d 

f 

S 
h 

i 

J 

n 

P 

q 

_ 

Total  for  day 

t. 

.,  .. 

««l  1, 

Ichc 

lor 

»,h 

Cur 

Total  lineal  feet 

Weather  conjilioru  Signed 

Form    for    Keeping    Daily    Records    of    Paver    Operations. 

that  come  into  bis  office.  He  sees  that  about  50  per  cent 
he  is  getting  the  expected  amount  of  work  com- 
pleted and  that  for  the  rest  of  the  time  he  gets  30,  50,  60 
or  80  per  cent  of  the  expected  work.  He  a-ks  why,  and 
various  excuses  are  given.  He  is  unable  to  correct  the 
trouble  because  he  must  deal  with  excuses  and  guesses.  If 
he  really  knew  the  reasons  for  the  di  > ;■  he  could  fill  up  the 
gaps,  patch  the  weak  spots  and  so  each  da;,  get  nean 
expected  amount  of  work  This  form  gives  definite  reasons 
for  delays.  A  boy  is  hired  and  he  stays  at  the  mixer  all  day. 
The  boy  records  the  time  of  raising  the  skip  for  each  batch, 
and  tin'  contractor  can  tell  just  how  often  a  batch  went 
through  the  mixer.  If  between  one  batch  and  another  5 
minutes  lias  elapsed  there  is  something  wrong — there  is  a 
delay  that  should  not  have  occurred.  The  boy  puts  down 
the  reason  for  the  delay.  The  next  morning  the  contractor 
has  this  detailed  report  on  his  desk.  He  can  quickly  analyze 
it:  and  by  comparing  reports  day  from  day  he  can  improve 
his  equipment  and  his  organization.  The  form  was  prepared 
by  Burton  Franklin.  Chattanooga.  Tenn.,  southern  distributor 
lor   the   Multi   Foote    Pavers. 


Features  of  the  New  Minnesota  Road 
Law  and  Work  Done  Under  It 

The  Minnesota  road  law,  passed  bj    popular  vote  oi 
mission    by    the   legislature   of   1919    and   effective   since    the 
spring  of  1921,  is  reported   as   proving  so  highly  satisi 
that  we  furnish  an  outline  of  it  herewith  and  also  son 
densed    information    on    recent    operations   of    the    Minnesota 
Highway   Department. 

The  road  law  referred  to,  known  as  Good  Roads  Amend 
ment  No.  1,  provides:  First,  for  the  e  tablishmenl  ol 
tern  of  trunk  highways  to  be  constructed,  improved  and  main 
tained  forever  by  the  state.  Specified  routes  approximating 
7,000  miles  are  to  connect  county  seats  ami  Important  towns 
in    all    sections    and    also    the    lake    and    other    recrea 

Additions  are  permitted  upon  completion  of  75  per 
cent    of   the   mileage. 

Secondly,  the  state  trunk  highway  fund  is  created  to  Qi 
trunk  system  operations.  It  includes  federal  aid  allotments 
and  the  proceeds  of  a  higher  tax  on  motor  vehicles  using 
the  highways,  in  lieu  of  personal  property  and  other  levies 
except  city  wheelage  taxes.  A  further  provision  is  for  the 
authorization  of  trunk  highway  bond  issues  to  run  not  to 
exceed  20  years  and  to  limit  to  $75,000,000  the  amount  that 
might  be  lawfully  outstanding  at  any  one  time. 

To  insure  against  cessation  of  work  by  counties  on  the 
trunk  routes  in  anticipation  of  adoption  of  Amendment  No.  1, 
the  legislature  of  1919  also  authorized  counties,  under  certain 
restrictions,  to  issue  up  to  $250,000  each  of  bonds,  proceeds 
to  be  expended  on  the  trunk  highways,  and  virtually  pledged 
reimbursement  by  the  state.  Man}  counties  acted  under  the 
law. 

The  motor  vehicle  tax  schedules  are  based  upon  factory 
list  prices  with  depreciation  allowances  of  25  per  cent  for 
3  and  4-year-old  machines,  and  50  per  cent  on  cars  5  years 
old  or  older.  The  passenger  car  rate  is  2  per  cent  with  a  $12 
minimum,  and  the  truck  rate  2;4  per  cent,  $15  minimum. 
The  average  was  estimated  at  less  than  $20  a  year.  Dealers 
are  assessed  $25  a  year  for  licenses,  and  are  charged  nominal 
fees  for  extra  license  plates  for  cars  which  can  be  used 
lawfully  only  for  actual  demonstration  purposes.  Dealers 
in  used  cars  must  pay  regular  rates  on  cars  remaining  in 
their  possession  after  Nov.  1.  Taxes  for  the  last  six  months 
each  year  are  at  half  rates.  Penalties  attached  for  delayed 
payments.  Motor  vehicle  taxes  are  collected  and  license 
plates  issued  by  the  secretary  of  state.  General  highway 
statutes  were  completely  recodified  to  corelate  new  sections 
with  those  affecting  the  local   highway  authorities. 

This  scheme  was  worked  out  by  Mr.  Charles  M.  Babcock, 
highway  commissioner,  and  is  generally  known  as  "The  Bab- 
cock Plan."  In  its  promotion,  Mr.  Babcock  used  among  others 
the  following  arguments: 

Let  wheels  using  the  highways  pay  a  fair  share  of  road 
improvement  and  upkeep  expense.  Put  a  heavier  tax  (the 
average  was  $10.60  a  year,  Including  the  license  fee  of  $5 
for  three  years)  on  each  automobile  and  truck  and  use  the 
proceeds  to  build  up  and  maintain  the  trunk  highways.  Good 
roads  will  enable  car  owners  to  save  more  than  the  tax  on 
repairs,    tires,    gasoline 

"Use  the  motor  vehicle  tax  revenue  and  federal  highway 
aid  on  the  trunk  roads.  .  .  .  Leave  the  counties  and 
towns  all  local  tax  funds  and  state  highway  aid  for  the  sec- 
ondary or  feeder  roads.  Without  the  expense  imposed  by 
the  main  highways,  they  will  be  able  to  adequately  improve 
and  maintain  the  feeders.  It  is  primarily  a  farm-to-market 
roads   plan." 

Prior  to  the  passage  of  the  amendment  there  was  a  I 
nation    of    insufficient    funds    for    highway    maintenance    and 
construction  with  an  opposition  to  any  further  tax  levies  for 
road   purpo 

The  new  law  was  favored,  and  its  enactment  secured 
through  the  efforts  of  many  individuals  and  organizations 
throughout  the  state,  the  campaign  being  directed  by  the 
Minnesota    Eiighwaj    Inn  a   semi-public 

ration  formed  by  state  officials  and  good  road  advocates 
from  private  life. 

On  entering  its  greatly  enlarged  field  of  operations  the 
highway  department  correspondingly  increased  its  admin- 
istrative force.  County  road  engineers,  familiar  with  local 
conditions  in  various  sections,  were  added  to  the  staff,  filling 
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the  positions  of  eight  division  engineers  and  sixteen  district 
maintenance  superintendents. 

The  first  efforts  of  the  department  were  toward  the  main- 
tenance of  the  entire  trunk  system  of  the  state  in  good,  pas- 
sable condition.  This  was  done  in  general  accordance  with 
a  plan  worked  out  several  years  previously  by  the  late  George 
E.  Cooley  and  Mr.  John  H.  Mullen,  present  chief  engineer. 
This  plan  called  for  the  extension  of  early  benefits  to  every 
locality  in  the  state  by  providing  a  constant-duty  patrolman 
or  road-mender  for  each  5-mile  section  of  the  trunk  highway 
system.  Everj  patrolman  must  live  on  or  near  his  "beat' 
and  furnish  his  own  team  or  tractor,  grader,  drags  and  other 
tools.  The  going  wage  is  paid  the  patrolmen  and 
they  receive  an  allowance  for  rental  of  equipment. 
the  latter  method  being  adopted  to  insure  better 
care  of  tools.  _ 

wording  to  official  records  more  than  1.200 
patrolmen  were  covering  about  6.200  miles  out  of 
the  7,000-mile  system  within  sixty  days,  from  the 
signing  of  the  bill  by  the  governor.  In  some  cases 
the  patrolmen  worked  to  disadvantage  at  the  start 
because  of  poor  foundations,  and  state  fleets  of 
heavy  outfits  were  used  to  help  them. 

Fleets  were  made  up  of  50  tractors  and  150  trucks, 
part  of  the  surplus  war  equipment  turned  over  by 
the  federal  bureau  of  public  roads.  The  trucks  were 
overhauled  and  fitted  with  hoist  bodies  for  handling 
gravel  in  machine  shops  maintained  by  the  highway  depart- 
ment on  the  state  fair  grounds. 

New  construction  was  undertaken  at  the  earliest  possible 
date,  and  paving  contracts  were  let  at  rates  as  low  as  $28,300 
per  mile.  On  July  15,  1921,  about  70  projects  totalling  more 
than  $5,000,000  were  under  way  in  different  parts  of  the  state 
Lack  of  anticipated  federal  aid  and  the  failure  of  the  state 
legislature  to  authorize  any  issues  of  trunk  highway  bonds 
enforced  a  curtailment  of  the  first  season's  program.  A 
measure  of  relief,  came  through  reimbursement  bonds  which 
had  been  voted  by  certain  of  the  counties,  but  county  officials 
as  a  rule  apparently  felt  that  the  state  would  maintain  the 
trunk  routes,  and  therefore  insisted  that  bond  money  be  used 
for  hard  surfacing. 

Approximately  $7,500,000  of  reimbursement  bond  money 
was  used  and  some  counties  gained  precedence  in  local  im- 
provements on  the  system.  Motor  vehicle  tax  revenues 
reached  about  to  the  $6,000,000  expected,  and  with  the  reim- 
bursement bond  money,  the  trunk  funds  aggregated  $13,- 
500,000.  Federal  aid  later  added  $2,123,000  to  the  trunk  fund. 
Counties  and  towns  were  furnished  more  than  $12,500,000 
for  exclusive  use  on  the  secondary  highway  system — about 
$11,000,000  from  local  tax  revenues  and  $1,650,000  from  state 
aid. 

When  the  trunk  highway  system  was  transferred  to  the 
state  it  was  listed  with  1,499  miles  graded,  1,371  miles 
graveled  and  112  miles  paved,  the  balance  being  for  the  most 
part  good  dirt  roads.  To  these  there  were  added  during  the 
firsL  6  months'  operation  of  the  new  law,  103  miles  of  hard 
surfacing,  438  miles  of  graveled  surface,  and  680  miles  of 
grading.  In  addition,  the  maintenance  forces  reshaped  713 
miles  of  surface  and  regraveled  462  miles. 

The  expenditures  approximated  $4,758,026  for  grading, 
$1,605,122  for  graveling,  $3,549,259  for  paving,  and  $514,047 
for  bridges,  and  with  the  $3,000,000  set  aside  for  maintenance, 
made  the  regular  season  total  of  $13,426,454  on  trunk  routes 
and  exclusive  of  betterments  on  the  secondary  road  system. 
About  $4,500,000  winter  work  has  been  undertaken,  with 
the  intention  that,  it  should  not  only  expedite  the  road  pro- 
gram but  should  also  afford  a  measure  of  relief  to  the  un- 
employment   situation. 

Bids  early  in  December  on  44  widely  distributed  projects 
estimated  at  $2,293,500  and  covering  more  than  300  miles 
were  called  for  within  ten  days  after  congress  voted  federal 
aid.    The  state  atto  ral  has  ruled  that  the  collection 

of  vehicle  t.  .fully  be  anticipated  to  match  the 

federal   aid.     steam    shovel    excavation    and    the   distribution 
of  materials  constitutes  the  larger  part  of  the  winter  work. 


New  Portable  Air  Compressor  Rig  Belt  Driven  from 
Tractor 

A  portable  air  compressor  unit  designed  for  operation  by 
a  tractor  has  been  brought  out  by  the  Sullivan  Machinery 
Co.,  Chicago,  111.  The  rig  consists  of  a  horizontal  single 
stage  splash  oiled  belt  driven  compressor,  standard  in  char- 
acter, except  for  the  fact  that  a  hopper  or  open  jacket  for 
cooling  water  is  substituted  for  the  closed  jacket  in  order 
to  eliminate  the  circulating  pump.     This  rig  is  mounted,  as 


End    of   Toll    Gates   on    Main    Roads   of    Pennsylvania. — An 
agrees  pproved   on   Dec.   12   by    Highway    Commis- 

sioner Lewis  S.  Sadli  r  ol  Pennsylvania  for  the  acquisition  by 
the  State  of  the  Dublin  and  Souderton  Turnpike. 


Portable   Tractor   Operated    Ai 


ipressor    Unit. 


shown  by  the  illustration,  on  a  steel  truck,  together  with  the 
air  receiver  and  connecting  piping,  and  the  whole  is  pro- 
tected from  the  weather  by  a  canopy  top  with  curtains.  The 
tractor  performs  the  service  of  hauling  the  compressor  from 
place  to  place  and  when  air  power  is  desired  for  drilling  or 
for  other  work  the  rig  is  turned  around,  and  a  pulley  on 
the  tractor  engine  serves  to  drive  the  compressor  through 
the   belt. 


Cost  of  Industrial  Railway  Haulage  on  Texas  Road 
Job 

The  following  data  on  industrial  railway  haulage  in  con- 
crete road  construction  are  taken  from  the  December  Bulle- 
tin of  the  Associated  Pennsylvania  Highway  Contractors. 
The  haulage  was  for  the  Iowa  Park-Electric  concrete  road 
in  Wichita  County,  Texas.  Potts  &  Prentice  were  the 
contractors. 

Width  of  pavement,   ft 18 

Average   thickness,   in 8 

Total     pavement    placed    in    April, 

1321     Reinforced  with  Not 

wire  mesh  reinforced 


12,600  sq.  vd. 
6,300  lin.  ft. 


.  Total  pavement        3S  676  sq.  vd. 
19.33S  lin.  ft. 

Working    days    21% 

Maximum  lin.  ft.  days  run  (both  mixers)    1,033 

Net  (Con. 

Tonnage  handled  per  train:  Gross.  Tare.  math). 

Cars— 10  at   1,000  lb iii.iino 

Batch  boxes — 20  at  450  lb 9,000 

Stone— 270  ft.  at   105  lb 28,360 

Sand— 160  ft.  at  110  lb 17,600 

Cement — 70  sack  at  66  lb '■."■-" 

71.680  lb.     19,000  lb.     52.6S0  lb. 
So. 84  ton  9.5  ton       26.34  ton 

Average  haul   (miles)    2 

Grades  against   loaded   train,    east    mixer None 

Grades    against   loaded    train,   west   mixer 0.8%  (max.) 

Average  number  of  trains  per  day  31 

Maximum  number  of  trains  per  day 36 

Number  of  trains  operated  per  day 5 

Ave.  net  tonnage  concrete  material  hauled  per  day....    S16.5 

Ave.  gross  tonnage  handled  per  day   1,111.0 

Maximum  net  tonnage  handled  per  day    948.24 

Maximum  gross  tonnage  handled  per  day    1.2S0.24 

Average  net  ton  miles  per  day   1,633 

Cost  of  operation,  average  day: 

locomotive  drivers,  at    $7.50         $37.50 

■'■   hours   master  mechanic    1.25  3.75 

75  gal.   gas.   at    18  13.50 

oil,  at   70  2.10(1.75)     $56.85 

ang,  maintenance,  moving  track 
\  itches  from  east  to  west  mixer: 

len,  at  40         20.00 

1  foreman    7.50  7  50 
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7.50  7.50  27.50 

Tot:il  operating  ccst   $S4.35 
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New  Device  for  Accurately  and  Uniformly  Propor- 
tioning Batches 
a   device   tor   more  accurately   measurii  aggre- 

gates into  batches,  is  one  of  the  m  i  developments  in 
construction  equipment.  Two  ol  the  •  ■  machines  are  al 
ready  in  use  by  the  i'arklap  Const  ru<  i  the  Sherman 

Island  Hydro-Electric  development  on  thi  Hudson  River  for 
the  international  Papei  Co  One  oi  them  is  shown  in  the 
illustration,  Tins  machine  proportions  bj  measuring  the 
aggregates  by  weight  instead  ol  volume,  only  one  man  is 
required  to  operate  the  mixer  and  the  proportioner.  The 
proportioner  is  a  steel  panel  of  in.  plate  so  constructed 
that  it  can  be  framed  Into  any  standard  bin.  At  the  bottom 
;   are   three   openings    fitted    with    bin   gate 


Lakewood-Johnson    Propo 


te    18x12   in.   is  for  stone.     The   12x12   in.  gates  at 
re   tor   sand   and   cement. 

A  ing   the  width  of  the  plate  is  supported  by 

double  ball  bearings  mounted   in  dust    prool   split    brackets. 

On  this  Bhafl  are  three  earns,  one  operating  each  sate.   These 

-unstable   so  that  they   ma\    trip   their   respective 

latches  when  the  proper  balance  is  obtai I.     Keyed   to  this 

shaft  and  mounted  in  the  split  brackets  are  bell  cranks,  form- 
ing the  siale  beams.  To  the  upper  ends  are  attai  bed  cables  run- 
ning over  pulleys  to  the  counterpoises.  From  the  lower  ends 
is  hunt;  an  auxiliary  hopper  discharging  into  the  batch  hopper 
of  the  mixer.  The  bell  cranks  being  keyed  to  the  shal 
connected  together  through  an  endless  cable  at  the  upper 
point  of  the  crank,  act  as  a  unit.  The  top  channel,  with 
its   braces   extending   outward   from   the  i     sup- 

ports the  guide  for  the  counterpoi  •  nd  the  pulleys  for  the 
■cable.  Two  of  the  counterpoises  are  normally  seated  on 
angle  braces  while  the  third  rests  on  the  channel 
cradled  in  the  cable  Bj  means  -  pi  leading  from  eye 
bolts  fastened  to  the  gates  up  through  pulleys  supported  in 
the  top  brace,  thence  to  one  side  of  the  panel  and  thence  to 
the  operator,  the  latter  is  able,  from  one  position,  to  open 
the  various   gates  and  operate  the  proportio 

Three  pan-  ol  sufficient  size  to  take  car.-  oi  the  counter- 
weight necessary  for  weighing  the  and.  stone  and  ci 
ride  on  a  vertical  shaft.  The  bottom  pan  is  for  stone,  the 
middle  pan  for  cement  and  the  top  toi  and.  The  ratio  be- 
tween the  weight  in  the  pans  and  the  weight  Of  the  material 
in   the   auxiliary   hopper   is   one   to   five.     Therefore,   if   it   is 


desired  to  use  1,000  lb.  of  stone  in  the  batch,  a  counter? 

of  200  lb.  is  placed  in  the  stone  pan.     Similarly,  the  weight 

of  the  upper  two  pans  may  be  adjusted  to  give  the  correct 

Weights   Of  cement   and   sand   desired 

To   measure    a    batch    the    stone    gate    is    opened    and    a      the 

weight    ot    tie-   1 1 in   the   auxiliary   hopper    balai 

weight    in    the    bottom    pan,    lie'    pan    rises    and    a    cam    on    the 

horizontal  shaft   automatical^    clo  ■      the   gate  on   tie'  stone 

bin.     The  cem.nt   gate  i     then  opened.     When  the  combined 

weight    of   the   stone    and    i.imail    in    lb,'   auxiliary    hopper   bai- 
lie-   weight    "I    lie-    tWO    lower    pans,    the    pans    rise    and 

a  second  cam  clo  e    tie'  gate     Tie    same  cycle  take--  place 
rating  the  sand  gate  except  that  the  weight  ot  thi 
.11  tin'  auxiliary  hopper  must  counterbalance  thi 

ol  the  material  in  all  three  pans.  The  batch  is  then  com- 
plete and  is  dumped  into  the  i  ,  tti  rial  leaves 
the  auxiliary  hopper  the  pans  automatically  drop  to  their 
original  positions  and  the  proportionei  I  then  ready  for 
another  batch. 

It  is   stated    that    materials   can    lie   measured   SO  accurately 

with  the  proportioner  that  the  error  per  L-yd,  batch  will 
rarely  exceed  50  lb.  It  i  no!  necessary  to  have  a  skilled 
operator  to  secure  accurate  measurements  on  the  job  with 
this  device. 

The  machine  described  above  is  known  as  the  Lakewood- 
Johnson  Proportioner,  it  is  manufactured  by  the  Lakewood 
Engineering  Co.  of  Cleveland,  under  the  patents  of  Nathan 
C.  Johnson,  of  the  linn  of  llool  &  Johnson,  Consulting  En- 
gineers,  New   York    City. 


Cost  of  Brick  Pavement  at  Washington,  N.  C. 

The  city  of  Washington.  X.  ('.,  has  just  completed  Ml, linn 
si|.  yd.  of  vitrified  brick  pavement  using  plain  wire-cut  brick 
without  lugs,  8%  in.  x  4  in.  x  3  in.  The  brick  were  laid  flat 
providing  a  surface  thickness  of  '■'•  in.  Asphalt  filler,  heated 
to  425°  F..  was  applied,  n  wa  oi  the  consistency  of  heavy 
Oil,  and  it  readily  flowed  into  the  joints  of  the  brick. 
were  laid  tight.  A  squeegee  of  the  same  design  as  is  used 
for  cement   grout   filler  was  used. 

The  following  cosl   table  was  compiled  on  a  portion  of  the 
work  by  City  Engineer,  P.  c.  Painter: 

COSH    Ol     SURFACE 

i  '<  i-  sq.  yd. 

::  in.  brick,  including   hauling   $1.71 

-  oiling  D57 

Asphalt     illi  r,    i  '  i  ' 

Applying    tiller    018 

Sand   covering    t 004 

l   in.  cement-sand  cushion  (1    I)    mi 

FOI  'i  nan      012 


d  $2,332 

1   IX.  CONCRETE  B  VSE  (1:3:6). 


i  i  'i  •  ■       .      nd   labor   

i      n   true)      0530 

Fini       '    "      0107 

$0.8414 
Overhead   5%,  contingencies  5% 0S41 

i    cost    base  per  sq.   yd JO 

nd  base  per  sq    yd $3.2575 

The  foregoing  data  are  based  on  the  following  prices,  f.o.b. 
cars  or  barge,  Washington,  N.  C:  Brick,  $31.75  per  M.;  sand. 
75  ct.  per  cubic  yard;  gravel,  $2.65  per  ton;  cement,  $2.79 
per  barrel  net;  asphalt,  $30  per  ton.  Labor,  including  pav- 
ers, was  paid  20  ct.  per  hour.  Trucks  were  Fords  with  dump 
bodies  and  cost  $1  per  hour. 


State  Highway  Construction  in  Pennsylvania. — The  annual 
report  of  the  State  Highwaj  Department  of  Pennsylvania 
i  6vi  i  ing  the  years  1917,  1918,  1919  and  1920,  which  has  been 
ii;  the  band:-  of  the  state  printer  tor  some  time,  shows  that 
during  those  four  years  Pennsylvania  built  a  total  of  720 
miles  of  roadway  of  a  durable  type.  Of  this  mileage  6G6.65 
miles  were  constructed  during  1919  and  1920.  The  construc- 
tion  by  types  follows: 

it  ■  i 

i  •    e    6.64 

Brick     81 

u 

II     

idain   

1  drainage 39 


1919 

1920. 

... 

16 

6    11 

8.87 

0   ' 

17    11' 

47.34 

23.72 

17   II 

73.60 

30.42 

!    1 

3.03 

1  B7 

6.85 

3.03 

.32 

3.74 

253.10      413.8S      722.45 
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Principles  of  Business  Letter  Writing 

Some  excellent  suggestions  on  the  above  subject  are  given 
by  Mr.  T.  H.  Bailey  Whipple  of  the  Westinghouse  Electric 
&  Manufacturing  Co.,  in  a  pamphlet,  from  which  we  quote 
the  following: 

Making  a  Start. — "Unless  one  is  experienced  and  very 
Kilted,  all  letters  of  unusual  importance  should  be  either 
blocked  out  or  completely  written  by  hand. 

The  dictation  of  letters  has  its  advantages,  but  it  has  some 
disadvantages  also.  It  is  a  real  accomplishment  to  be  able 
to  readily  marshal  one's  forces  of  thought  and  expression 
so  as  to  dictate  without  undue  hesitation  a  letter  of  real 
force  and  elegant  expression.  Few,  however,  have  this  rare 
power." 

A  letter  written  by  hand  co-ordinates  nervous  force  with 
muscular  action.  The  very  act  of  picking  up  a  pen  and 
getting  into  motion  stimulates  nervous  activity  and  excites 
the  play  of  thought  and  imagination.  We  are  so  constituted 
that  but  few  realize  the  very  close,  intimate  and  essential 
relationship  between  our  physiological  and  psychological 
natures. 

A  literary  or  scientific  writer  usually  has  the  advantage 
over  the  business  writer.  When  one  picks  up  a  literary  or 
scientific  book  he  is  seeking  amusement,  entertainment  or 
instruction.  He  is  receptive  and  usually  interested.  When 
we  receive  a  business  letter  we  are  quite  often  interested  in 
neither  the  writer  nor  the  subject.  Because  direct-by-mail 
sales  solicitation  has  become  so  voluminous  and  importu- 
nate, we  often  find  ourselves  in  a  mood  of  antagonism  when 
we  find  our  mail  flooded  with  letters  of  this  character.  The 
difference  between  business  and  other  literature  is  analogous 
to  the  difference  between  negotiating  sales  to  one  who  steps 
into  your  place  to  buy  and  that  of  a  traveling  salesman,  who, 
unsolicited,   approaches   the   buyer. 

The  business  letter,  must,  therefore,  have  the  force  of 
pleasing  personality  in  order  to  meet  with  a  cordial  re- 
ception. It  must  quickly  attract  favorable  attention.  It 
must  hold  and  augment  attention  to  the  point  of  live  interest. 
It  must  weld  interest  to  desire  and  force  desire  into  convic- 
tion and  action.  Often,  like  many  plans  of  salesmanship,  in- 
vestigation and  preparation  must  precede  the  approach.  Many 
sales  are  practically  made  before  formal  negotiations  begin. 
The  general  characteristics  of  good  business  letters  are: 
Clearness,  Conciseness,  Completeness,  Correctness,  Courtesy. 
To  embody  these  elements  in  letters,  all  characterized  by 
vitality  and  force,  it  should  be  our  aim  to  cultivate:  Origi- 
nality.   Imagination,    Sympathy. 

Clearness.— The  most  essential  quality  in  any  letter,  and 
especially  in  any  business  letter,  is  clearness.  This  fact 
should  be  obvious. 

Granting  the  reader  to  possess  ordinary  comprehension 
and  education,  it  devolves  upon  the  writer  to  make  his  mes- 
sage readily  understandable.  To  accomplish  this  end  straight 
thinking  is  necessary  to  avoid  possible  ambiguity  or  uncer- 
tainty. Usually,  conciseness  is  an  accomplishment  of  clear- 
ness, but  even  verbosity  is  preferable  to  any  obscurity  of 
meaning. 

The  reader  may  tolerate  the  boredom  of  wordiness;  he  may 
ask  for  further  information  to  complete  the  understanding 
of  the  subject  in  its  entirety;  he  may  pardon  your  illiteracy 
and  generously  forgive  your  discourtesy,  but  if  you  have  not 
made  yourself  clear  as  to  what  you  have  written,  his  disap- 
pointment reaches  the  climax  and  makes  the  desired  reaction 
to  your  message  impossible. 

Conciseness.— Conciseness  of  thought  and  expression  may 
be,  to  some  extent,  an  inherent  trait,  but  is  almost  always 
the  result  of  care  and  real  study  to  this  end.  Clear  thinking 
and  a  careful  choice  of  words  are  the  only  means  to  acquire 
this   force  of  composition. 

Brevity,  of  itself,  is  not  the  chief  purpose  of  conciseness. 
Compressed  meaning  is  more  essential  than  mere  condensed 
words.  Brevity  may  cany  with  it  incompleteness,  unless  the 
thought  is  expressed  in  words  that  are  comprehensive  in 
themselves;  words  that  are  pregnant  with  exact  meaning; 
suggestive  as  well  as  explanatory;  incisive,  going  to  the 
heart  of  the  subject  in  a  straight  line  of  thought  as  well  as  of 
words. 

Completeness.  -Incompleteness  causes  irritation  and  in- 
convenience and  involves  the  loss  of  time  and  necessitates 
duplicated  effort  to  get  results.     Even  when  the  result  is  not 


fatal  to  success,  the  impression  created  by  omissions  in  the 
written  orders,  or  in  the  necessary  explanations  of  conditions 
in  the  written  orders,  or  in  the  necessary  explanations  of 
conditions  upon  the  mutual  agreement  between  seller  and 
buyer  is  based,  is  often  difficult  to  overcome,  and  may  seri- 
ously affect  future  relations. 

Correctness. — Company  pride,  if  nothing  else,  should  cause 
the  correspondent  to  aim  for  correctness  in  punctuation, 
spelling,  grammar  and  sentence  construction.  The  same 
reason  necessitates  care  in  all  that  relates  to  the  mechanical 
appearance  of  the  letter,  such  as  stationery,  typing  and 
paragraphing. 

Courtesy. — In  treating  of  courtesy  lei.  us  recall  the  true 
purpose  underlying  all  business  correspondence,  viz:  to  estab- 
lish and  to  maintain  relations  between  the  seller  and  buyer 
that  yield  profit  to  the  one  and  satisfaction  to  the  other. 

Courtesy  means  the  making  of  every  effort  to  smooth 
friendly  intercourse.  It  avoids  giving  offense,  and  is  blind, 
as  long  as  possible,  to  the  personal  offenses  of  others.  But 
it  never  allows  a  real  offense  to  pass  unchallenged,  even 
though  it  makes  the  challenge  as  tactful  as  possible. 

True  courtesy  is  not  so  much  a  product  of  the  mind,  nor 
the  fruit  of  social  convention,  as  it  is  an  emanation  of  the 
soul.  While  clothed  with  dignity  and  courtliness,  it  is  per- 
meated with  sympathy.  It  may  be  expressed  in  extreme 
simplicity,  but  it  is  never  obsequious. 

Cultivate  Sympathy. — All  is  grist  that  comes  to  the  mill 
of  the  sympathetic  correspondent.  He  holds  the  salesmen's 
customers;  he  even  controls  the  attitude  of  the  salesmen, 
themselves;  he  fortifies  the  credit  department,  oils  the  wheels 
of  the  collection  department,  saves  the  adjustment  depart- 
ment from  impositions,  establishes  the  fraternal  feeling  of 
co-operation  Detween  the  sales  department  on  the  one  hand 
and  the  engineering,  production,  shipping,  purchasing  and 
other  business  family  departments,  upon  the  other  hand. 

As'  sympathy  is  a  quality  rather  than  a  faculty,  it  is  a 
matter  of  mental  cultivation  rather  than  creation,  and,  hence, 
is  within  the  reach  of  all  who  really  appreciate  its  value. 


New  Culvert  Form 

A  new  flat  top  culvert  form  having  a  number  of  useful 
features  has  just  been  placed  on  the  market.  It  is  stated  that 
with  a  2x2  ft.  form,  12  sizes  of  culverts  can  be  built;  with  a 
3x3  ft.  form,  35  sizes,  and  with  a  4x4  ft.  form,  70  sizes.  The 
form  consists  essentially  of  only  two  elements:   Cover  plates 


Details   of    Bilger    Culvert    Form. 

and  center  sections.  All  cover  plates  are  4  ft.  long  and  are 
made  of  14  gauge  (5/64  in.  thick)  hot-rolled  blue  annealed 
steel.  The  side  and  top  plates  are  6  in.  wide  after  being 
flanged  1%  in.  along  each  edge  for  stiffness.  Each  flange 
is  of  double  thickness  and  strength.  All  side  and  top 
cover  plates  are  alike,  symmetrical  and  interchange- 
able to  any  size  form.  The  center  sections  are  stand- 
ard 6  in.  12yA  lb.  I-beams  4  in.  long.  Holes  are  punched  in  the 
upper,  and  rivets  welded  in  the  lower  flanges  of  these  beams. 
When  the  beams  are  stacked  upon  one  another  lateral  move- 
ment is  prevented  by  the  rivets  fitting  into  the  holes  of  the 
beam  below.  Onto  each  side  of  the  web  of  these  beams  is 
riveted  a  hook  that  fits  through  the  holes  in  the  flanges  of 
the  cover  plates.  The  length  of  these  hooks  bears  such  rela- 
tion to  the  thickness  of  the  2x4  between  the  lower  section 
and  the  concrete  base,  that  when  the  2x4  is  driven  out  all 
center  sections  immediately  drop,  bringing  the  hooks  out  of 
the  holes  and  thereby  releasing  all  cover  plates.  The  hooks 
are  made  of  s£  in.  rounds. 

The  form  was  designed  by  H.  E.  Bilger,  formerly  Road  En- 
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of  the  1 1 1  i  11  ■  ■  i  —  State  Highway  Department.    It  is  man- 
ufactured by  the  Highway  Culvert   Form  I  o.,  5460  Ferdinand 

St..  Chicago,  111. 


or  depression  is  indicated.     When   more  than   '^   in.  variation 
in  the  in  ft.  span  is  shown,  tin  [led  again. 

On  straight  concrete  pavement   where  the  straight-edge  is 
in. i    adapted,  the   Minnesota   department   is  using  a  straight 


Snow  Removal  with   Light   Road   Machine 

Reports  have  been  received  from  -  Kansas  municipalities 
telling  of  successful  snow  removal  with  thi  "Road-Rarer," 
a  nn,'  man  light  gasoline  machine  made  by  the  Avery  Coin 
pany  for  shaving  and  smoothing  dirt  and  gravel  roads,  spread- 
ing gravel,  etc 

Slightly  different  methods  have  been  followed  in  Salina 
following  a  recent  snow  storm.  Mr.  Ed  Buchanan,  street 
commissioner,  writes  that  this  is  the  i"  -•  means  he  b 
far  found  for  removing  snow,  the  work  being  accomplished 
■  :  so  thoroughly  that  the  Btreets  dry  in  a  short 
time. 

\  limilar  satisfactory  account  comi  i  Great  Bend, 
with  an  additional  comment  that  some  of  the  -now  was 
packed  and  frozen  into  ice.  It  is  stated  that  a  lengthening 
of  the  arms  on  the  rear  blade  bj  about  oot  helps  the  work. 
but  that  because  of  the  time  necessary  tor  the  adjustment 
tin-   machine   is   often  used   without   it. 

Slightly  different  methods  have  been  followed  in  Saline 
and  Great  Hend.  In  the  former  place,  as  shown  in  the  pic- 
ture, the  snow  is  moved  from  the  center  to  the  Mdes  of  the 
street;  while  in  the  latter  when  snow  is  heavy,  the  machine 
is  first  sent  along  the  curb,  clearing  out  the  gutter  and  piling 


"Road-Razer"   Clearing    Snow  at  Salina.   Kan. 
the  snow   in  a  ridge  about  6  ft.  out  in  the  street.     Subsequent 
handling  depends  upon  whether  the  street  is  wide  or  narrow. 


Device    for    Testing    Smoothness    of    Bituminous 
Pavements 

Exceptional  smoothness  making  for  easy-riding  quality  on 
new  paving  on  the  Minnesota  trunk  highway  system  is  attrib- 
uted by  John  H.  Mullen,  deputy  commissioner  and  chief  en- 
gineer of  the  Minnesota  State  Highway  Department,  to  the 
use  of  a  straight-edge  on  asphaltic  tops  and  the  use  on  con- 
crete pavement  of  what  is  locally  called  a  transverse  strike 
board. 

The  accompanying  illustration  shows  the  straight-edge, 
which  was  developed  by  H.  G.  Overholt.  an  inspector  of  the 
Highway  Department.  The  device  is  made  from  a 
2  In.  by  4  in.  timber.  On  the  top  at  the  middle  is  a  care- 
fully balanced  indicator  hinged  on  a  fulcrum  with  one  arm 
four  times  the  length  of  the  other.  to  the  shorter 

arm  is  a  weighted  pin  which  extends  through  a  perforation 
in  the  timber  and  rests  on  the  pavement  surface  when  in 
use.  The  pin  has  free  play.  At  the  opposite  end  of  the 
indicator  is  another  pin  driven  into  the  timber  but  not  at- 
tached to  the  indicator.  When  the  straight-edge  rests  evenly 
on' a  flat  surface,  the  indicator  points  to  the  head  of  the 
stationery  pin.  When  the  straightedge  is  pushed  over  an 
uneven  area,  the  playing  pin  raises  or  drops  and  the  bulge 


Straight-edge     Used    to    Er 


board    with    rounded   edges.     This   discloses   any    unevenness 

when  drawn  over  the  soft  concrete. 


New  Heavy  Duty  Pumping  Outfit  for  Road 
Building 

A  portable  pumping  out  tit  designed  especially  for  con- 
tinuous heavy  duty  service  in  road  construction  has  been  de- 
veloped by  the  Barnes  Manufacturing  Co.,  Mansfield,  O.  The 
initial  one  of  these  units  installed  on  a  road  job  is  stated  to 
have  supplied  all  the  water  necessary,  for  the  21E  paving 
mixer  and  for  curing  the  concrete,  through  21,000  ft.  of  2  in. 
pipe  and  against  a  head  of  310  ft.  Under  these  conditions 
the  pump  operated  at  490  lb.,  often  24  hours  per  day  as  dur- 
ing the  extremely  hot  days  of  last  summer  it  was  necessary 
to  water  the  concrete  at  night  as  well  as  during  the  day.  The 
pump  is  of  the  outside  packed  type  with  4  plungers  set  at  90 
degrees  with  respect  to  each  other,  so  that  two  are  always  on 
the  suction  and  two  on  the  pressure  stroke,  giving  a  steady 
flow  at  minimum  pulsation.  The  4-cylinder  pump  is  driven 
by  a  4-cylinder  engine:  the  Le  Roi  in  the  40  gal.-300  lb.  size 
and  by  the  'Hercules"  in  the  60  gal.-500  lb.  size.  Each  engine 
is  mounted  in  three  point  suspension  and  the  truck  frame  is 
similarly  mounted.  This  uniting,  in  connection  with  the 
rivetted-gussett  plate  construction  of  the  truck  frame  insures 
permanent  alignment  of  the  pump  and  engine.  In  addition 
to  the    t11  and  60  gal.  displace nt    units   the  "Quadruples 

is   also    made    in   a    100    gal.:!h0    lb.    pressure   size.      The    pump 


"Quadruplex"     Road 


and  engine  are  enclosed  in  a  galvanized  sheet  steel  housing 
with  removable  sides,  thereby  providing  means  for  locking 
up  the  outfit  at  night. 


(31) 


32 


Engineering  and  Contracting  for  January  4,  1922. 


All  Steel  Plant  for  Storing,  Measuring  and  Load- 
ing Concrete  Aggregate 

An  ;ill  steel  central  proportioning  plant  for  c  rocrete  aggre- 
gates lias  been  placed  on  the  markel  by  the  Erie  Steel  Con- 
struction  Co.,    Erie.    Fa.      The   plant   consists   of  two   principal 

units:    The    bins,    and    the    "AggreMeters"    or    measuring    de- 
vires.     There   is  one   Inn   for     anil  anil  Inn   for  shine,  with 

a    hum  :<  .>    under    each    bin.      The    capacitj     of    the 

bins    is    about    4H    lens    each,    which    allows    for    a    temp 
shut-down    of    the    equipment    used    for    unloading    the    cars. 
although   a    storage    pile    is    usually    used    in    addition. 

The  sand  I  I  i  tOl  i  an  unloaded  direct  from  railroad  cars 
into  the  large  sand  and  stone  hoppers  of  the  AggreMeter, 
using  either  crane  and  clamshell  or  other  unloading  equip- 
ment. A  storage  pile  beside  the  AggreMetel  plaid  is  used 
to   provide   for  delays   while  placing  of  cars,  etc. 

At  the  bottom  of  the  bins  are  gates  for  discharging  the 
sand  or  stone  into  the  measuring  hoppers — the  number  of 
gates  depi  riding  on  the  number  of  batches  to  be  handled  at 
once.  For  example,  if  the  haul  is  by  motor  truck  and  each 
truck  has  four  compartments  of  one  batch  each,  there  will 
be  four  gates  at  the  bottom  of  the  bin — and  four  hoppers  in 
the  measuring  device. 

Of  special  interest  is  the  means  provided  for  assuring 
accurate  proportioning,  at  all  times,  of  the  sand  and  stone 
in  the  measuring  hoppers  or  "AggreMeters."  As  these  loaded 
boxes,  each  of  exactly  one  batch  capacity,  are  moved  out  over 
the  truck,  they  must  pass  under  a  strike-off  plate  which  fills 
up  any  pocket  in  the  box,  and  levels  off  the  top  of  the  boxes 
exactly.  This  automatically  measures  the  aggregate,  and 
does  away  entirely  with  the  necessity  of  raking  down  by 
hand. 

The  plant  is  built  entirely  of  steel  and  is  made  in  sections. 


^"1 

Since  the  hardest  work  required  of  a  loader  is  the  digging, 
the  buckets  are  designed  with  special  cutting  edges.  In 
addition,  these  edges  are  of  different  shapes  on  alternate 
buckets — one  being  in  the  form  of  an  arc.  its  successor  a 
rectangle,  the  next  an  arc,  etc. 

This   feature   permits   of   the   bucket    digging   with   a   fresh 


ng  Crane  and  Clamshell  Unload- 
ge  Piles  and  Hoppers  of  Aggre- 
Filling  Stone  Measuring  Boxes 
Truck,   Just    Dumped    and    Gates 


View  of  Complete  Plant,  Show 
ing  Materials  from  Cars  to  Stor; 
Meter,  Operator  of  AggreMeter 
from  Bin;  and  Sand  Boxes  Over 
Closed    Again. 

It  can  be  easily  taken  down  and  set  up  in  one  day,  and  can 
be  moved  to  another  site  on  three  trucks,  or  on  one  flat  car. 


A  NewTower  Loader 

A  loading  machine  recently  brought  out  by  the  Link-Belt 
Company,  and  illustrated  herewith  has  certain  interesting 
features  of  design  and  operation  which  are  described  briefly 
as  follows:  The  elevating  mechanism  is  arranged  to  turn 
on  a  swivel  in  a  horizontal  plane,  and  the  unit  is  self  pro- 
pelled; the  combination  of  which  2  features  makes  possible 
the  clearing  of  a  path  wide  enough  for  the  machine  to  move 
directlj    no-.  th<     pile   Of   material   on   which   it    is   working. 

The  operator  directs  the  digging  end  of  the  elevator  in 
an  arc.    Tic  '  idtb  oi  which  i     ,,   er  20  feet      When 

r  is  advanced 

or(   distance  automatically  toward     thi    idle,  thus  making 

a  widi  i-  required,     Provision  is  made 

dine  in  case  of  buckets  striking 

a  hidden  obstruction.     It  is  not   necessary  to  drag  or  scrape 

terial  thi    buckets. 


Handling   Coal   with  the  "Power  Swiveling   Loader." 

surface,  cutting  with  a  portion  of  its  edge  only,  and  elimi- 
nating the  heavy  drag  and  shock  to  machinery  occasioned  by 
the  entire   bucket  surface  digging  into  the   pile. 

The  operator  stands  on  a  platform  which  turns  with  the 
elevator,  permitting  the  operator  to  have  the  digging  and 
discharge  point  in  view  at  all  times.  All  controls  are  in 
easy  reach.  The  operator,  being  elevated  above  the  ground 
and  away  from  the  moving  parts,  is  free  to  center  his  efforts 
toward  loading  the  greatest  amount  of  material  without 
giving  thought  to  personal  safety. 

The  loader  can  be  operated  by  a  l\/2  H.P.  motor  or  a  15 
to  20  H.P.  heavy  duty  gasoline  engine.  It  has  speeds  of  5 
and  75  ft.  per  minute,  both  forward  and  back.  Its  collapsed 
height  for  clearing  overhead  obstruction  or  for  storage  is 
9  ft.  8  in. 

The  working  capacity  of  the  loader  is  45  cu.  ft.  of  loose- 
materials  per  minute.  Its  simplicity  of  operation  is  such 
that  it  can  be  used  by  an  unskilled  man  after  a  little  training. 


Industrial  Notes 


The   Cleveland   Tractor   Co. 
B.    Stone    as   advertising   man 

sig 1       Mr.    Stone   has   been 

years,  serving  as  sales  repres 
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ruck,  quarter  size  working  infidels  ,.i  the  Kissel  patented  hopper 
inil  measuring  boxes  and  specially  designed  turntable  will  be 
shown 

The  Chain  Belt  Co..  Milwaukee,  \\  is  ,  will  exhibit  its  1922  model 
of  the  Rex  Paver  at  the  National  Good  Roads  Show,  Chicago. 
This  machine  has  the  enclosed  type  of  transmission.  Another  dis- 
tinctive feature  is  the  enclosed  powi  i  operated  discharge  of  the 
:■  i  paver  All  gears  operate  in  oil  so  that  the  manipulation  of 
lie    discharge  chute  is  net  or.ly  verj    easy  hut  also  remarkably  fast. 

st  instantly  to  the  touch 
•ill  be  equipped  with  the 
le  three  point  suspension 
mil:  bucket  will  also  be- 
lt a  central  mixing  plant 
departure    from    present 


i  h.    -w  inging  of  the  ehu 
of  the   lever.      The  paver 
lull   length  type  of  traction   adapt 
principle.      A   new    type    of    Rex 
shown.     The  company  also  plam 
mixer    with    features    that   are 
mixer  standards. 


lull 


Trade  Publications 


The  following  trade  publications  of  interest  to  engineers  and 
contractors   have   been    issued    recently 

Street  Flushers.— Tillln  Wagon  Co.,  Tiffin.  O.  Bulletin  illus- 
trating  and  describing  Tiffin  2-motor  system  of  street  flushers 
and  sprinklers. 

Sheet  Asphalt  Pavements.— The  Texas  Co.,  17  Battery  Ph.  New 
York  City.  Booklet  describing  methods  of  constructing  Texaco 
"  el  asphalt  pavements,  it  is  illustrated  by  photographs  and 
cross  sections  bringing  out  important  points  in   text. 

Crawling  Tractor  Cranes. — Industrial  Works.  Bay  City.  Mich. 
Catalog  No.  113.  illustrating  and  describing  the  Type  BC  "Indus- 
trial" crawling  tractor  crane  of  20.000  lb.  capacity  for  road  con- 
tractors,  lumber  and  coal  dealers,  gravel,  sand  and  stone  pro- 
a  e  .is,  foundries,  railroad  reclamation  and  storage  yards  and 
moderate  size  manufacturing  plants. 


(32) 


Waterworks  and  Hydraulics  Monthly  Issue 

ENGINEERING—  CONTRACTING 

Published    by    Engineering    &    Contracting    Publishing    Co.,   9    South    Clinton    St.,   Chicago. 

Halbert  P.  Gillette,  President  and  Editor  Lewis  S.  LoUER,  Vice-President  and  General  Manager 

New  York  Office:  Rra.  403  Columbia  Bank  Bldg.,  507  Fifth  Ave  .  Richard  E.  Brown,  Eastern  Manager 

Cleveland  Office:  Room  300  Engineers  Bldg.,  Leo  Ehlbert,  Manager 

The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.  (52  in  all)  entirely  cover  the 
civil  engineering  and  contracting  field  at  $4.00  a  year.  Any  one  of  the  four  special  monthly  issues 
may  be  subscribed  for  as  a  monthly  at  $1.00  a  year.  The  special  quarterly  issues  relate  entirely  to 
foreign  engineering  and  construction  practice.  The  articles  in  the  first  two  issues  of  each  month  com- 
pletely cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the  first  and  fourth 
issues  of  each  month  completely  cover  county  engineering  and  highway  engineering  and  contracting. 
The  articles  in  the  3rd  and  4th  issues  of  each  month  completely  cover  steam  and  electric  railway 
location,  design  and  construction.  See  the  "masthead"  on  the  first  page  of  the  Weekly  News  Section 
for  information  about  our  weekly  contract  news. 


Roads  and  Streets — 1st  Wednesday 

la)   Roads  nlng 

lb)   Streets  i  '1  >    M.n     .,.!     Miscellanies 

(i  i    Management    an 
System 

Waterworks  and   Hydraulics — 2nd  Wednesday 

la)   Waterworks  ligation    and    Drainage 

.vers    and    Sani-      (d)    Power  and   Pumping 
tation 

in    Management    ai 
System 

Copyright,    1921,   by   the   Knglneering 
Member  Audit    Bureau  t>(  Circulations. 

Extra  postage  In  Canada,  all  Issues  J2.00;  any  one-  month! 


Railways  and  Excavation— 3rd  Wednesday 

(a)  Excavation  (c)  Quarries   an. I    Pits 

(b)  Management    and         id)    steam     Hallways.     Con- 
Offlo    System  tlon    ami    Maintenance 

le)    Electric     Railway    Construction 
and   Maintenance 

Buildings   and  Structures— 4th   Wednesday 


(a)    Buildings 

lb)   Bride- is 

(e)    Harbor    Structur 


and  Contracting   Publishing  Company. 

.Member   Associated   Business   Papers.   Inc. 


Structures 
Materials 
mil    Office 


ji  mi. 


,    *>age,  all  Issues  54.00:  any  one 


Volume  IA11 


CHICAGO,  ILL.,  JANUARY  11.  1922. 


Xumber  2. 


The  City's  Position  in  the  State 
Government 

On  the  basis  of  population  New  York  City  is  inadequatelj 
represented  in  the  New  York  State  Legislature,  and  there  are 
strident   complaints  of  interference  by   an   upstate   majority 

in  affairs  that  belong  primarily  to  the  metropolis,  such  as 
the  control  of  transportation  within  the  citj  Clin  ago  is  in 
a    similar,    though    less   aggravated    position,    and    there   has 

been  newspaper  expression  of  a  fear  that   I institutional 

ntion  of  Illinois  may  still  further  reduce  the  proportion 
•  i r  that  city's  representation  in  the  Li  ind  leave  il 

subject  to  the  same  form  of  "oppression"  that  New  York 
City  suffers  at  the  hands  of  the  Si 

Certain  it  is  that  there  are  often  conflicts  of  interest  be- 
tween a  metropolis  and  an  outlying  or  remote  rural  territory, 
and  it  is  fair  to  inquire  if  some  of  our  great  cities  may  not 
wisely  be  separated  from  their  state  government,  and  given 
a  rank  of  statehood  or  something  equivalent  thereto. 

It  is  argued  that  the  "city-state"  has  never  been  a  success, 
but  this  argument,  we  think,  involvt  a  confusion  of  defini- 
tions. The  city-state  as  a  sovereign  power  may  havi 
much  to  be  desired,  but  such  a  status  does  no)  concern  us 
now.  It  is  vastly  different  from  what  would  be  the  position 
of  a  great  city  as  an  integral  member  of  the  United  States 
of  America.     Europe  afford-   sonic   very  camples 

of  cities  having  such  a  status  the  most  notable  from  the 
standpoint  of  commercial  success  being  Hamburg.  Th 
is  the  capital  of  the  state  of  Hamburg,  whose  total  area  is 
only  160  square  miles,  and  for  practical  purposes  the  city 
is  the  state.  The  city  of  Bremen  as  the  capital  of  a  state 
whose  total  area  Is  99  square  miles  affords  a  similar  example, 
and   to   the   list   there   may   be   added    the   Russian   cities   of 


i  ad,  Odesso  and  Sebastopol  as  they  were  before  the 
revolution.  These  cities  were  all  prosperous,  and  were  im- 
portant ports  and  centers  of  commerce.  Our  list  is  not  com- 
but  we  ought  certainly  to  note  our  own  city  of  Wash- 
ington and  District  ol  Columbia  as  a  ignificant  success  in 
spite  of  the  very  special  purpose  of  their  organization. 

Among  governmental  units  subject  to  complete  free  trade, 
as  are  the  various  subdivisions  of  the  United  States,  we  can 
see  no  real  neces  Itj  toi  the  attachmenl  of  a  large  city  to 
a  particular  section  i'1  back  country,  state  boundaries  do 
not  limit  the  territorj  tributary  to  New  York,  nor  do  they 
materially    affeel    the  centering  as  from  the  entire 

middle  west  at  Chicago.  If  southeastern  Xew  York  had  been 
erected  into  a  state  of  the  size  of  Delaware,  we  believe  that 
the  commercial  supremacy  and  general  civic  greatness  of 
the  city  on  .Manhattan  Island  would  be  in  no  wise  altered. 
And  if  a  state  no  larger  than  Delaware,  then  why  not  one 
smaller   still? 

The  cities,  we  believe,  would  benefit  from  the  separation. 
The  country  would  lose  some  exceedingly  desirable  taxes 
but  otherwise  would  probably  gain;  and  as  tor  fairness,  Chi- 
.  ago  might  just  as  well  be  taxed  for  the  benefit  of  portions 
of  Indiana,  Michigan  and  Wisconsin  as  for  the  benefit  of 
Illinois. 

There  is  always  somewhat  of  a  conflict  of  ideals  between 
the  city  and  the  country.  The  city  scorns  the  country's 
slowness  and  narrowness,  ami  the  country  abhors  the  city's 
arrogance  and  corruption  Each  may  exercise  a  somewhat 
wholesome  restraining  influence  upon  the  other,  but  it  is 
questionable  if  such  influence  Is  improved  by  their  associa- 
tion and  enforced  co-operation  in  a  single  self-governing 
state. 

We  do  not  say  positively  that  cities  and  states  should  sep- 
arate; and  in  any  event  the  cases  of  separation  should  prob- 
ably be  few.  The  problem  involved  would  need  much  study, 
and  after  all  might  be  solved  positively  only  by  trial,  but  it 
is  worth  thinking  about. 
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1922    Should    Witness    More   Water 
Works  Activities 

Like  other  institutions  whose  business  permitted  retrench- 
ment, the  water  systems  of  this  country  have  been  passing 
through  a  period  of  deferred  maintenance  and  non-expansion. 
The  effects  of  deferred  maintenance  develop  more  slowly  in 
water  plants  than  in  many  other  classes  of  utilities  and  in- 
dustries, but  they  are  not  negligible,  and  sound  management 
requires  that  repairs  be  undertaken  as  soon  as  material  and 
labor  prices  have  descended  to  approximately  stable  levels. 
A  few  repairs  are  so  pressing  as  to  enforce  disregard  of 
prices;  in  the  case  of  certain  others,  economy  will  be  served 
if  they  are  carried  out  without  further  waiting  for  the  limit 
of  price  reduction;  while  still  others  may  be  postponed  a 
considerable  time  without  involving  any  consequences  which 
would  warrant  paying  more  than  a  reasonably  anticipated 
minimum  for  them. 

It  is  impossible  to  tell  with  certainty  whether  or  not  the 
prices  of  pipe,  other  materials,  and  labor  entering  into  water- 
works construction  and  repairs  have  as  a  whole  reached  a 
minimum  which  will  endure.  The  U.  S.  Bureau  of  Labor 
Statistics'  index  price  of  all  commodities  has  hovered  be- 
tween 148  and  154  ever  since  April,  1921,  the  November 
number  being  149;  and  as  has  been  pointed  out  in  these  col- 
umns before,  there  is  good  reason  to  think  that  it  will  stay 
in  that  vicinity  for  some  time  to  come.  While  the  prices  of 
particular  commodities  will  not  all  follow  the  average  course, 
there  is  at  least  a  tendency  for  them  to  swing  that  way,  and 
eventually  some  which  are  still  far  from  the  average  un- 
doubtedly will  settle  close  to  it. 

In  November  and  December,  1921,  the  prices  of  cast  iron 
pipe  at  Chicago  were  respectively  64  and  66  per  cent  above 
the  average  of  the  five  years  ending  Dec.  31,  1913.  These 
correspond  to  index  prices  of  164  and  166.  But  the  five  year 
average  of  pipe  prices  to  Dec,  1913,  is  substantially  lower 
than  any  corresponding  average  since  1903.  In  fact  the  pipe 
prices  of  November  and  December,  1921,  are  less  than  48 
per  cent  above  the  averages  for  any  of  the  five  year  periods 
terminating  between  1906  and  1910.  The  present  price  of 
cast  iron  pipe,  therefore,  is  at  at  least  as  low  a  level  as  the 
average  price  of  all  commodities.  Galvanized  steel  pipe  is 
almost  at  the  same  level.  Galvanized  iron  pipe  is  still  sub- 
stantially higher.  Lead  is  just  about  at  its  pre-war  price, 
and  will  probably  increase.  Labor  in  some  places  is  as  low 
as  can  be  expected;  in  others  it  is  still  high.  On  the  whole, 
it  is  questionable  whether  any  material  saving  in  the  cost 
of  work  can  be  effected  by  further  postponement;  while  work 
which  for  any  reason  is  pressing  will  almost  certainly  in- 
volve a  loss  if  delayed. 

Our  deficiency  in  residential  development  and  our  na- 
tional housing  shortage  are  too  well  known  to  need  com- 
ment. There  is  pressure  for  relief,  and  some  of  it  will  come 
this  season.  A  great  deal  will  come  if  conditions  in  the 
building  industry  are  improved.  And  with  it,  of  course,  will 
come  proportionate  development  and  extensions  of  water 
and  sewer  systems  and  other  utilities.  The  increase  in  water 
purification  has  not  escaped  its  set-back  from  normal,  and 
there  should  now  be  a  marked  activity  in  this  field. 

All  in  all  we  think  that  1922  must  run  well  ahead  of  any 
of  its  immediate  predecessors  in  waterworks  and  sanitary 
activities,  and  there  is  an  excellent  prospect  that  it  will  de- 
velop into  a  genuine  banner  year. 


Bleaching  Powder  in  the  Tropics. — In  the  Journal  of  Chem- 
ical Industry  for  Oct.  15,  Capt.  A.  F.  MacCulloch  states  that 
tests  on  the  stability  of  ordinary  bleaching  powder  and  on 
"stabilized  bleach"  (bleaching  powder  mixed  with  20  per 
cent  of  powdered  quicklime)  extending  over  a  period  of  two 
years  as  made  at  the  government  laboratory  at  Madras, 
India,  showed  that  stabilized  bleach  decomposes  at  a  fairly 
steady  rate  and  remains  a  dry  powder  in  a  high  temperature, 
while  ordinary  bleaching  powder  decomposed  rapidly  due 
to  formation  of  water.  Due  to  the  fact  that  the  stabilized 
bleach  contained  5.9  per  cent  calcium  chlorate  at  the  end 
of  two  years  and  this  amount  of  chlorate  would  give  a  nau- 
seating taste  to  the  water  upon  treatment,  Capt.  MacCulloch 
recommends  that  the  stabilized  bleach  be  used  in  the  tropics 
within  a  year  of  procural. 


The  Appendix  of  a  Technical  Book 

By  R.  FLEMING, 
American   Bridge  Co..   New   York  City. 
The  Appendix  is  the  Soul  of  a  Book.— Old  Proverb. 
A  habit  of  examining  the  appendix  of  a  book,  directly  after 
reading  the  preface,  has  often  given  profit  as  well  as  delight. 
Especially  has  this  been  the  case  with  technical  books,  for 
about  all  the  time  can  be  given  to  many  books  of  this  class 
is  that  required  for  reading  the  preface  and  the  appendix. 

The  Century  Dictionary  defines  the  appendix:  "An  addition 
appended  to  a  document  or  book  relating  to  the  main  work, 
usually  consisting  of  explanatory  or  statistical  matter  adding 
to  its  value,  but  not  essential  to  its  completeness,  and  thus 
differing  from  a  supplement,  which  properly  is  intended  to 
supply  deficiencies  and  correct  inaccuracies."  Where  this 
definition  is  followed  the  appendix  can  be  read  apart  from 
the  main  body  of  the  work.  Earle,  "The  Theory  and  Practice 
of  Technical  Writing,"  in  his  directions  to  technical  writers, 
says,  "If  the  matter  should  be  read  by  all,  it  is  an  essential 
part  of  the  subject  and  should  be  incorporated  as  an  organic 
part  of  the  text;  if  it  is  not  essential  and  would  seriously 
interrupt  the  direct  development  of  the  exposition  yet  would 
be  of  value  to  some  readers  it  may  well  be  inserted  as  a 
footnote  or  Appendix." 

Just  what  the  appendix  may  contain  of  interest  is  best 
seen  from  specific  examples,  more  or  less  typical. 

"The  Book  of  the  Machine  Gun,"  an  English  work  by  Long- 
staff  and  Atteridge,  gives  in  an  appendix  an  unusually  com- 
plete "Bibliography  of  Unofficial  Books,  pamphlets  and  ar- 
ticles concerning  the  subject  of  machine  guns."  The  40  pages 
begin  with  a  lone  entry  under  1862  and  close  with  1916. 

Green,  "Wharves  and  Piers,"  in  an  appendix,  "Cost  of 
Walls,  Piers,  Sheds,  etc.,"  gives  13  pages  of  the  detailed 
costs  of  structures  as  built. 

In  Kunz,  "Design  of  Steel  Bridges,"  Appendix  A  is  en- 
titled, "Actual  Pressure  of  Foundations  in  Bridge  Work,  in 
tons  per  sq.  ft.,"  and  Appendix  B,  "Actual  Pressure  of  Foun- 
dations in  Structural  Works  in  Tons  per  sq.  ft."  Original 
data  are  thus  made  available. 

In  Fowler,  "Engineering  and  Building  Foundations,"  1920, 
"Selections  from  Specifications,"  Appendix  I  to  Appendix  X, 
fill  70  pages. 

An  engineer  will  often  find  in  the  appendix  of  a  technical 
book  a  short  treatise  that  is  of  real  worth.  For  instance, 
Appendix  "C"  in  Johnson,  Bryan  and  Turneaure's  "Modern 
Framed  Structures,"  Part  III,  is  a  valuable  monograph  on 
Unsymmetrical  Bending."  It  would  be  difficult  to  find  else- 
where a  more  lucid  explanation  of  the  "S"  polygon.  Ap- 
pendix 1,  Cain's  "Earth  Pressure,  Retaining  Walls  and  Bins," 
is  a  treatise  of  30  pages:  "Stresses  in  Wedge-Shaped  Rein- 
forced Concrete  Beams." 

Some  British  works  will  be  quoted: 

"Reinforced  Concrete  Design,"  Faber,  Vol.  II,  1920,  Ap- 
pendix II,  pages  175-203:  "A  Study  of  Moments  in  Beams, 
Allowing  for  Stiffness  in  Columns,"  begins,  "In  the  author's 
opinion,  only  the  most  skillful  and  experienced  engineers 
should  consider  this  treatment — for  all  others  it  is  danger- 
ous." He  proceeds,  "Nevertheless  the  author  attaches  the 
utmost  importance  to  it,  since  it  puts  within  the  reach  of  all, 
for  the  first  time,  the  absolutely  accurate  treatment  of  mo- 
ments, taking  live  and  dead  load  and  stiffness  of  columns 
into  account." 

"Engineering  Construction,"  Warren,  Part  II,  1921,  Ap- 
pendix, pages  485-494,  is  introduced  by,  "The  following  method 
of  analysis  of  the  stresses  in  the  rigid  arch  rib  has  been  de- 
veloped by  Mr.  W.  A.  Miller,  Lecturer  in  Civil  Engineering, 
University  of  Sydney.  The  method  possesses  many  advan- 
tages and  will  in  the  author's  opinion,  be  found  to  be  a  val- 
uable addition  to  the  literature  on  the  subject." 

"Strength  of  Materials,"  Morley,  1920,  Appendix,  pages 
531-538  determines,  "Tension  in  a  Plate  Perforated  by  a  Single 
Circular  Hole." 

The  foregoing  instances  of  the  useful  and  the  unusual- 
found  in  Appendices  could  easily  be  multiplied.  They  are 
however  sufficient  to  show  that  an  engineer  whose  time  is 
limited,  may,  if  before  a  shelf  of  technical  books,  often  find 
enjoyment  by  giving  his  attention  to  the  appendices  therein. 
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Characteristics  of  Some  Connecticut  Sludges 

Their  Composition,  Treatment  and  Possible  Utilization  Discussed  in  Paper  Presented  Before  Boston 

Society  of  Civil   Engineers 
REDERICK  JACKSON  and  JOSEPH   DO  MAN, 
l  lirector  and  Assi  I  of   Engineering,  Connecticut   Stat*     D       •■  ■•'    Health 


One   very    important   feature    in    th  iperatior 

i-,     treatment   works   and    om  re    too    often 

the  least   consideration  is  the  tr<  itmenl   and  disposal 
of  the  sludge.     No  investigation  of  si  large  cities 

iday  lie  considered  complete  that  doi  not  include  a 
ll  study  of  the  economic  treatment  and  utilization  of 
the  sludge.  The  feasibility  of  recoverini  nitrogen  and  ex- 
tracting grease  from  sludges,  burning  for  fuel  value  or  de- 
Ing  gases  for  generation  of  power  has  been  al  times 
demonstrated  with  varying  degrees  of  success,  but  where 
such  utilization  was  practiced,  local  conditions  wen-  par- 
ticularly favorable  and  a  successful  method  o  general  ap- 
plicability still  remains  to  be  found.  In  fact,  local  condi 
tiotis  and  requirements,  rather  than  sludge  utilization,  govern 
the  selection  of  sewage  and  sludge  treatment  for  any  par- 
ticular  community 

Analytical  data  concerning  these  sludges  is  found  in  Table 
I  while  Table  II  shows  the  composition  ol  the  sewages  from 
which  the  sludges  were  produced. 

Grit  Chamber,  New  Britain,  Comparison  of  Grit  and  Scum. 
— The  grit  chamber  at  the  New  Britain  tation  treated  an 
average  of  90,000  gal.  per  day  with  a  retention  period  of 
half  a  minute;  inlet  velocity  of  .4  ft,  pei  econd,  outlet  ve- 
9  ft.  per  second.  A  small  baffle  across  the  outlet  end 
retained  considerable  scum  on  the  surface  of  the  chamber. 
The  grit  was  black  in  color,  very  odorous,  and  at  times  con- 
Comparatively  large  amounts  of  matter  other  than 
true  grit,  such  as  spaghetti  and  pieces  of  vegetables.  The 
scum  differed  in  appearance  from  time  to  time,  frequently 
resembling  a  heavy  dark  oil  and  at  other  times  a  dark  yel- 
lowish grease.     It  usually  had  a  stale  grea   s    odor 

The'  grit  and  scum  were  practically  identical  in  moisture 
content,  which  was  very  low.  averaging  about  52  per  cent, 
and  in  nitrogen  content,  which  was  also  verj  low,  averaging 
about  .7  of  1  per  cent.  There  was,  however,  a  marked  dif- 
ference between  them  in  other  constituents  of  the  grit,  75 
per  cent  was  mineral  matter  while  the  scum  contained  80 
per  cent  volatile  matter.  Ether  extract,  both  plain  and  acid, 
were  at  least  ten  times  higher  in  the  scum  than  in  the  grit. 
Theoretically,  the  scum  should  be  quite  valuable  from  the 
standpoint  of  grease  extraction,  as  it  contained  63  per  cent 
plain  ether  extract.  Actually,  however,  the  amount  oi  scum 
was  so  small  that  only  4.2  lb.  of  plain  ether  extract  would 
be  produced  per  million  gallons  sewage  or  about  16  lb.  per 
day    from    the   total    New   Britain   sanitary    sewage. 

Drying  on  sludge  beds  and  dumping  on  spoil  land  would 
be  the  simplest  method  of  disposal  of  both  grit  and  scum. 
After  drying  on  the  beds,  the  scum,  however,  could  probably 
be  mixed  with  coal  and  burned  under  boilers,  as  the  amount 
of  volatile  matter  would  be  very  high  and  the  moisture  quite 
low. 

Test  of  the  Screenings. — A  seven  day  performance  test 
was  made  on  the  New  Britain  sewage  using  a  standard 
Dorrco  drum  screen  with  slotted  perforations  1  16  In.  by  % 
in.  and  screening  the  total  flow  of  3.3  million  gallons  per  day. 
On  the  million  gallon  basis  30  cu.  ft.  of  wet  screenings  were 
obtained  with  the  comparatively  low  moisture  content  of  81 
per  cent.  These  were  quite  dry  and  in  Bpadable  condition 
as  delivered  by  the  bucket  elevator.  Dry  solids  amounted  to 
380  lb.  per  million  gallons,  representing  a  removal  of  21.3 
per  cent  of  the  total  suspended  solids  from  the  crude  sewage. 

The  screenings,  gray  in  color,  were  a  mixture  of  all  sorts 
of  sewage  solids  often  containing  considerable  garbage.  When 
spread  on  the  ground,  the  screenings  dried  quite  rapidly 
but  with  a  pronounced  foul  odor  in  the  immediate  vicinity 
during  the  first  three  or  four  days'  drying.  Flies  bred  pro- 
fusely, indicating  the  necessity  of  treatment  with  a  fly  re- 
pellant  while  drying.  At  the  present  time  the  screenings  are 
disposed  on  spoil  land  without  any  preliminary  drying  on 
beds.     This  method  appears  quite  satisfactory. 

Imhoff  Tank  Sludge,  New  Britain.  As  drawn  from  the 
tank,  this  sludge  was  a  thick  black  liquid  having  a  tarry  and 
somewhat  offensive  odor.     Moisture  content  ranged  from  84.8 


per  i  ,  ni   t,,  92.6  per  cent   averaging   90  pei   cent.     There  was 

no   marked    progressive   loss   in    | tage   of   moisture    with 

storage      Prom  the  dry  basis  tests,  the  various  constituents 

of    the    sludge    remained    quite    uniform    throughout    a    storage 

period  of  about  a  year  or  the  drj  solids  4s.:i  tier  cent 
were  mineral  matter.  J  ::7  per  cenl  nitrogen,  14.3  per  cenl 
plain  ether  extract  and  19.5  per  cent  acid  ether  extract. 
From  volumetric  measurements,  combined  with  specific 
gravity   and    moisture   tests,    progressive    digestion    was    note, I 

with  storage.    Comparatively  fresh  sludge,  after  three  month 

storage,  amounted  to  7J  cu.  It.  per  million  gallons,  which  at 
the  end  of  one  year's  storage  was  reduced  to  46  cu.  ft.  Dry 
solids  in  the  fresh  sludge  amounted  to  470  lb.  per  million 
gallons  and  after  one  year's  storage  to  322  lb.  Comparing 
the  sludge  solids  with  the  amount  of  dry  solids  removed  by 
the  Imhoff  tank,  as  shown  by  the  suspended  solids  tests,  the 
digestion  of  solids  amounted  to  36  per  cent  after  one  year's 
storage. 

With  regard  to  moisture,  mineral  matter  and  nitrogen  con- 
tent, the  Imhoff  tank  sludge  at  New  Britain  was  almost 
identical  with  that  obtained  at  Worcester,  Mass.,  and  Balti- 
more, Md.  It  is  particularly  interesting  to  note  the  very 
small  difference  in  the  nitrogen  content  of  these  sludges, 
that  at  New  Britain  being  2.37  per  cent,  Worcester  2.63  per 
cent   and    Baltimore   2.75    per   cent. 

At  New  Britain,  the  sludge  dewatered  very  readily  on 
drying  beds.  In  one  of  the  experiments  during  the  summer 
the  sludge  was  applied  to  a  depth  of  12  in.  on  the  beds  and 
was   removed   in   spadable   condition   after   two   days'   drying. 

Secondary  Tank  Sludge.  New  Britain.— This  sludge  was 
obtained  from  plain  sedimentation  of  the  sprinkling  filter 
effluent.  The  retention  period  in  the  tank  was  about  one 
hour.  The  sludge  was  very  similar  in  appearance,  though 
noticeably  more  putrescible  than  the  Imhoff  tank  sludge. 
There  was  but  little  difference  in  chemical  composition  of 
these  two  sludges.  The  tank  was  cleaned  at  intervals  of 
from  two  weeks  to  two  months  and  therefore  comparatively 
little  sludge  digestion  would  be  expected.  The  dry  solids 
recovered  in  the  sludge  were  practically  identical  in  amount 
with  that  removed  from  the  filter  effluent  after  passage 
through  the  tank.  The  dry  solids  recovered  in  the  sludge 
amounted  to  3S5  lb.  per  million  gallons,  the  suspended  solids 
removed  from  the  filter  effluent  to  380  lb.  per  million  gal- 
lons. The  volume  of  wet  sludge  per  million  gallons  sewage 
amounted  to  94  cu.  ft.,  this  being  about  20  per  cent  greater 
than  that  from  the  Imhoff  tank. 

The  sludge  dewatered  readily  on  sludge  drying  beds  but 
in  actual  practice  it  could  be  returned  to  the  digestion  chain 
ber  of  the  Imhoff  tank  and  allowed  to  digest  with  the  sludge 
prior  to  drying  on  beds. 

Miles  Acid  Sludge,  New  Britain. — This  was  a  rather  thick, 
gray,  greasy  liquid  with  a  pronounced  foul  odor.  The  mois- 
ture content  averaged  95  per  cent.  Averages  on  the  dry  basis 
were,  nitrogen  3.1  per  cent,  plain  ether  extract  21.6  per  cent, 
acid  ether  extract  30.3  per  cent. 

A  peculiar  feature  of  the  Miles  acid  sludge  was  its  low  dry 
solids  content.  The  suspended  solids  tests  on  the  sewage 
influent  and  effluent  showed  thai  the  dry  suspended  solids 
removed  from  the  sewage  amounted  to  767  lb.  per  million 
gallons,  while  the  dry  solids  in  the  sludge  were  only  308 
lb.  per  million  gallons,  or  40.1  per  cent  of  the  suspended  solids 
removed  from  the  sewage.  There  may  have  been  some  sludge 
digestion  but  in  view  of  the  germicidal  action  of  the  acid 
and  the  absence  of  anj  ga  bubbles  rising  to  the  surface  of 
the  tank,  digestion,  if  any.  must  have  been  very  slight.  It 
is  very  probable  that  the  dissolving  action  of  the  acid  re- 
moved considerable  of  the  suspended  solids  from  the  sewage, 
these  passing  off  in  solution  in  the  effluent  and  not  being  re- 
covered in  the  sludge.  This  would  seem  to  be  borne  out  by 
the  iron  determinations.  The  weighted  average  of  all  the 
Miles  acid  runs  showed  that  the  effluent  contained  7.8  per 
cent  more  iron  than  the  influent,  and  while  iron  precipitates 
could   be   observed    in    the    influent    they    were   not   observed 
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in  the  effluent,  being  obviously  in  the  dissolved  form  in  the 
latter.  The  increse  in  iron  content  was  traced  to  the  action 
of  the  acid  in  attacking  iron  piping  in  the  tank,  parts  of 
which  were  completely  eaten   away. 

Another  indication  of  the  solvent  action  of  the  acid  on 
.led  matter  is  by  comparison  with  the  results  from 
the  Imhoff  tank.  This  removed  44.8  per  cent  of  the  sus- 
pended matter  and  25. S  per  cent  of  the  organic  nitrogen  from 
ewage,  very  little  of  the  organic  nitrogen  changing  to 
the  ammonia  form.  The  Miles  acid  process,  on  the  other 
hand,  removed  76.5  per  cent  of  the  suspended  solids,  and  as 
judged  by  the  Imhoff  tank  removals,  we  would  expect  a  re- 
moval of  tl  per  cent  of  organic  nitrogen.  The  actual  re- 
moval of  organic  nitrogen,  however,  was  only  7.3  per  cent. 
the  effluent  containing  02.7  per  cent  of  that  in  the  crude 
sewage.  We  can  account  for  this  in  no  other  way  than  the 
solvent  action  of  the  acid  on  some  of  the  suspended  solids 
which  prevented   their  precipitation. 

The  Miles  acid  sludge  dried  very  slowly  and  with  consid- 
erable odor  on  well  drained  sludge  beds. 

Sedimentation  and  Lime  Treatment,  South  Manchester. — 
The  tank  retention  period  for  both  treatments  was  approxi- 
mately four  hours.  Lime  dosage  was  0.2  gram  per  liter  or 
1,660  lb.  per  million  gallons.  From  the  standpoint  of  sewage 
purification,  there  was  very  little  difference  between  these 
two  treatments  but  in  several  respects  the  sludges  were 
'Hiite  dissimilar. 

Lime  treatment  produced  about  three  and  three-quarters 
times  as  much  sludge  as  plain  sedimentation,  the  figures  per 
million  gallons  being  607  cu.  ft.  and  162  cu.  ft.  respectively. 
The  dry  solids  in  the  sludge  were  in  about  the  same  propor- 
tion, lime  treatment  producing  1,760  lb.  per  million  gallons. 
plain  sedimentation  455  lb.  Nitrogen  concentration,  how- 
ever, was  considerably  higher  in  the  plain  sedimentation 
than  in  the  limed  sludge,  the  figures  being  4.62  per  cent  and 
1.48  per  cent  respectively.  At  the  same  time  there  was  but 
little  difference  in  the  total  amount  of  nitrogen  recovered  in 
the  sludges  per  million  gallons  of  sewage,  lime  treatment 
producing  26  lb.  and  plain  sedimentation  21  lb.  The  differ- 
ence in  concentration  is  obviously  due  to  the  large  amount  of 
non-nitrogenous   precipitates  from   lime   treatment. 

Activated  Sludge,  New  Britain. — At  the  present  time  acti- 
vated sludge  is  the  most  interesting  of  all  sewage  sludges  on 
account  of  its  possible  utilization  as  a  fertilizer  base  and 
also  on  account  of  the  difficulty  experienced  in  economically 
dewatering  it.  But  little  attention,  however,  has  been  given 
to  some  phases  of  the  actual  derivation  of  this  sludge  and 
a  brief  discussion  of  these  may  be  helpful  in  our  understand- 
ing of  the  changes  which  take  place  in  it. 

With  the  exception  of  chemically  precipitated  sludges, 
sewage  sludges  are  the  result  of  the  removal  of  suspended 
matter  from  the  sewage.  Activated  sludge,  however,  in  our 
opinion,  is  derived  from  some  dissolved  as  well  as  the  sus- 
pended matter  and  if  this  is  true  it  will  explain  some  things 
in  connection  with  the  digestion  of  activated  sludge  and 
fixation  of  nitrogen  from  the  air  by  certain  sludge  organisms 
which  heretofore  have  not  been  satisfactorily  accounted  for. 

In  relation  to  the  precipitation  of  dissolved  organic  matter 
into  the  sludge,  the  following  figures  are  rather  suggestive. 
Based  upon  the  results  from  the  Imhoff  tank  and  80  per  cent 


removal  of  suspended  solids  from  the  sewage  would  effect  a 
removal  of  46  per  cent  of  organic  nitrogen.  Actually,  how- 
ever, with  about  80  per  cent  removal  of  suspended  solids 
by  the  activated  sludge  process  we  find  a  corresponding 
removal  of  nearly  70  per  cent  of  organic  nitrogen,  or  about 
52  per  cent  greater  than  the  expected  removal  if  the  organic 
nitrogen  were  derived  entirely  from  the  suspended  solids. 
Digestion  or  oxidation  may  account  for  some  of  this  extra 
removal  but  it  seems  much  more  likely  that  it  is  due  to  the 
assimilation  of  the  dissolved  organic  nitrogen  by  the  sludge 
organisms. 

Taking  the  figures  for  oxigen  consumed,  we  would  expect, 
with  80  per  cent  removal  of  suspended  solids,  39  per  cent 
removal  in  the  oxygen  consumed.  Actually,  however,  we 
find  that  the  activated  sludge  process  effects  a  removal  of 
65  per  cent  in  the  oxygen  consumed  figure  with  80  per  cent 
removal  of  suspended  solids.  In  this  case  also,  oxidation 
and  digestion  may  account  for  some  of  this  removal  but  it 
seems  more  logical  to  assume  that  the  assimilation  of  organic 
matter  originally  in  the  dissolved  form  in  the  sewage  is 
responsible  for  the  high  reduction  in  the  oxygen  consumed 
figure. 

The  question  of  removal  of  dissolved  organic  matter  can, 
of  course,  be  settled  quickly  by  comparing  amounts  and  re- 
movals of  matter  in  solution  and  suspension  as  well  as  total 
constituents,  but  unfortunately  all  the  data  at  hand  give  re- 
sults on  total  constituents  in  the  sewages  and  effluents  and 
no  attempt  has  been  made  to  segregate  them  into  the  dis- 
solved and  suspended  forms.  If  studies  along  these  lines 
were  available,  our  knowledge  of  this  phase  of  the  activated 
sludge  process  would  be  much  more  definite  than  it  is  now. 

If  we  admit,  however,  that  dissolved  organic  matter  is  re- 
moved from  the  sewage,  it  seems  logical  to  assume  that  it 
has  been  assimilated  by  the  sludge  organisms  as  part  of 
their  food  supply.  This  would  very  naturally  affect  compu- 
tations pertaining  to  sludgectigation.  If  we  base  these  com- 
putations on  the  removal  of  suspended  solids  only  from  the 
sewage,  we  find  a  very  low  percentage  of  digestion,  the 
figures  for  Chicago  and  New  Britain  being  5.0  per  cent  and 
5.5  per  cent  respectively,  and  from  the  intense  biologic  action 
in  the  sludge  we  would  naturally  expect  digestion  of  sludge 
solids  to  be  considerably  greater. 

Further,  the  question  of  digestion  is  important  from  the 
standpoint  of  fixation  of  nitrogen  from  the  air  by  certain 
sludge  organisms,  some  investigators  having  found  that  some 
of  the  organisms  often  present  in  activated  sludge  actually 
possess  the  power  of  fixing  nitrogen  from  the  air.  In  judging 
fixation,  a  nitrogen  balance  is  computed  and  if  the  amount 
of  nitrogen  recovered  is  less  than  the  input,  it  has  been  cus- 
tomary to  assume  that  there  has  been  no  fixation  of  nitro- 
gen from  the  air.  However,  it  is  still  quite  possible  that 
there  may  have  been  some  fixation,  but  that  the  digestion  has 
been  so  great  as  to  offset  the  recovery  of  nitrogen  both  from 
the  sewage  and  atmosphere.  It  is  interesting  in  this  con- 
nection to  note  that  while  digestion,  both  at  Chicago  and 
New  Britain,  amounted  to  about  5  per  cent  of  the  suspended 
solids  removed  from  the  sewage,  the  actual  loss  of  nitrogen 
at  Chicago  was  greater  than  30  per  cent  and  at  New  Britain 
amounted  to  20  per  cent.  If  we  attribute  this  loss  to  digestion, 
as  seems  logical,  we  must  conclude  that  the  percentage  di- 
gestion cannot  be  computed  from  the  suspended  solids  alone 
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but  that  allowance  must  also  be  made  di    olved  solids 

assimilated   bj    the  sludge  organisms. 

removed   from   the   settling   tank   at    New    Britain,   the 

activated  Bludge  was  usually  reddish  brown  in  color,  due  to 

the  Iron  in  the  crude  sewage.     During  prolonged  periods  of 

low  iron  content  In  the  sewage,  the  sludge  was  gray  in  color, 

mllke   the   slim.'  characteristic  of   sprinkling   Biters   re- 

.    purely  domestic  sewage.    The  sludge  was  well  3 

but  contained  a  noticeable  amount   •  d  coarser 

such  as  pieces  of  paper  and  vegetables.    These  latter 

no   doubt    were   <iue  to  the   fact  that    the   sewage    wa:    nol 

ned    prior    to    activation.       As    wasted    from    the    Bottling 

tank,  the  sludge  was  found  to  be  quite  light,  with  a  B] 
gravit)   ol   1.004      Moisture  content  was  very  high,  avei 

,   cenl      W'out  two-thirds  of  the  drj   soli. is  wei 
till       Nitrogen  content   was  comparatively  low  as  compared 
with  most  activated   sludges,  averaging  4.1    per  cent       Plain 
ether  extract   amounted  to  13.0  per  cent,  acid  ether  extract 
19.3   per  cent.     A  comparatively  large  volume  of  sludg 
produced,  averaging  22,100  gal.,  or  2,9  i  per   million 

gallons   sewage.     Dry   solids,    however,    were    comparatively 
low,    averaging  810   lb.   per   million   gallons   sewage. 

The  most  effective  treatment  and  disposal  of  acti 
sludge  is  by  no  means  a  settled  question  and  >n  Idei  ible 
experimental  work  is  still  being  done  on  thi  problem,  par- 
ticular attention  being  given  to  preliminary  processes  which 
will  dewater  the  sludge  sufficiently  to  make  subsequent  treat- 
ment feasible  and  economical.  In  this  connection,  a  recent 
.  acid  heat  flotation,  was  quite  thoroughly  tested  at 
New  Britain  through  the  courtesy  of  the  Doit  Co.,  of  New 
York  City,  and  a  brief  description  of  the  plant  and  summary 
of  results   may  be  of   interest. 

The  Acid  Heat  Flotation  Process.  1  ne  process  consists 
essentially  of  first  adding  acid  to  the  sludge  and  then  i 
the  mixture.  With  proper  design  and  operation,  the  results 
are  two  fold,  first  the  actual  contraction  of  the  Sludge  par- 
ticles and  second,  the  flotation  of  these  particles  to  the 
surface  of  the  tank  where  further  dewatering  and  contrai  tion 
takes  place 

In   the  tests,   at    New   Britain,   both   slud  I    were 

fed  from  constant  head  orifices  to  a  large  funnel  discharging 
into   the    inlet    pipe   of  the   flotation    unit.      This   unit    was   a 
galvanized   iron   tank  6.5   ft.   deep   and    2   ft.   in   diameter   set 
inside   a   4   ft.   diameter  wooden   tank.     Concentric    with   the 
other  tanks  and  at  the  bottom  was  a  small  galvanized  iron 
tank  3.5  ft.  high  and  1  ft.  in  diameter,  forming  a  small  reac- 
chamber.     A   small  spiral  coil,  fed  with  live  steam,   was 
placed   in  this  chamber.     The  inlet  to  the  unit  was  through 
the  bottom  of  the  reaction  chamber,  the  sludge   flowing  up- 
ward  past  the  heating  coil,  the  effluent  being  taken  out   at 
ottom  of  the  tank  outside  the  reaction  chamber,      \it.i 
Ing,  the  sludge  particles  continued  to  float  to  the  surface, 
"wing  into  a  collecting  launder  which  discharged  into  a 
cart      The  unit  as  described  was  operated  on  the  continuous 
Mow  principle,  treating  the  sludge  at   a   rate  of  4,150  gal.  per 
ir  173  gal.  per  hour.     During  the  last  five  consecutive 
days  of  the  flotation  tests,  the  operation  of  the  process  was 
practically  uninterrupted. 

'age  results  over  the  entire  testing  period  of  about 
2%  weeks  were  briefly  as  follows:  The  moisture  content 
was  reduced  from  99.55  per  cent  to  88.2  per  cent,  the  volume 
of  sludge  being  reduced  to  one  twenty-sixth,  or  3.8  per  cent 
of  the  original  volume.  The  lowest  moisture  content  for  a 
daily  composite  sample  of  the  floated  sludge  was  84.5  per 
cent.  On  the  dry  basis,  ammonia  nitrogen  averaged  5.85 
per  cent  and  acid  ether  extract  16.2  per  cent.  The  average 
specific  gravity  of  the  floated  sludge  was  1.03.  Of  the  total 
suspended  solids  in  the  influent  sludge,  78.6  per  cent  were 
recovered  in  the  floated  sludge,  the  remainder  passing  off  in 
the  effluent.  Of  the  ammonia  nitrogen  input  76  per  cent 
were   recovered   in   the   floated   sludge   and    of   the   total   iron 


Input    79    per     cent.      These     recoveries    were    not    as    high    as 

would  be  desirable,  but  considering  the  experimental  nature 
of  the  flotation  unit,  which  was  the  first  fairly  large  installs 
lion  of  its  kmd.  perfect  design  and  operation  were  not  to  be 
tpected  The  unit,  furthermore,  was  operated  16  out  oi  111. 
1'4  hours  per  day  by  unskilled  labor,  Hue  to  these  causes, 
there  were  times   when   considerable  amounts  of  suspended 

matter     were     present      in     Hi.'     effluent,     which     lowered     the 

amounts  of  recovered  constituents  m  the  floated     Judge.     In 

spite  .a   unfa\ ...  able  i iii  ion  I  he  effluenl 

toi    the  most    pari    quite   clear  and   often  contained   less   than 


Floated    Activated    Sludge    After    One    Week    on     Drying    Beds. 
100    p.p.m.    of    suspended    solids,    the    low.  i    being 

55  p.p.m.  Turbidities  as  low  as  20  were  often  noted,  in 
this  particular  effluent  the  suspended  solids  were  approxi- 
mately three  inn.  the  turbidity,  indicating  that  the  susp 
matter  was  quite  heavy.  Particles  of  grit  and  pieces  of  paper 
were,  in  fact,  plainly  visible  in  samples  of  the  effluent.  With 
a  properly  designed  and  operated  plant,  an  effluent  containing 
not  more  than  Inn  p.p.m.  suspended  solids  might  he  expected 
and  recovery  of  suspended  solids  and  nitrogen  in  the  floated 
Indue  should  be  well  over  90   per  cent. 

i  onditions  at  New  Britain  required  the  following  operat- 
ing rates:  Retention  period  in  reaction  chamber,  8  minutes; 
temperature  of  effluent  30  C,  which  was  IT,  c  above  that 
of  the  influent  sludge;  acid  dosage,  1  c.c.  H...SO,,  sp.gr.  1.84, 
per  gallon  of  sludge.  The  acid  was  usually  applied  in  a  2 
per  cent  solution.  Qualitative  experiments  indicated  that 
both  acid  and  heat  were  necessary,  as  neither  alone  pro- 
duced proper  flotation. 

The  floated  sludge  dewatered  very  readily  when  spread  on 
rather  hard  impervious  mound  to  depths  varying  from  4 
to  16  in.,  dehydration  cracks  appearing  in  all  piles  within 
24    hours.      The    following    moisture    contents    siimmai 
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results  of  drying  several  cartloads   of   floated   sludge   in   this 
manner: 

Influent   sludge,   99.4   per   cent    moisture. 

Floated   sludge,  89.2  per  cent. 

One  day  drying,  77.1  per  cent. 

Two  days'  drying,  66.5  per  cent. 

Three  days'  drying,  59.7  per  cent. 

Three  weeks'  drying,  26.4  per  cent. 

I  of  the  drying  occurred  during  the  first  three  or  four 

nd   was  due  largely  to  the  drainage  of  water  from  the 

sludge.      Evaporation    of    moisture    seemed    to    predominate 


Acid    Heat    Flotation    Plant,    New    Brita 
Station. 


ige    Experiment 


after  that  time.  The  result  of  these  experiments  was  conclu- 
sive that  the  activated  sludge  could  be  concentrated  and 
dewatered  by  the  acid  heat  flotation  process  sufficiently  to 
render  it  amenable  to  drying  on  beds.  This  would  render 
the  final  drying,  either  by  direct  or  indirect  heat,  considerably 
less  expensive  than  for  filter  press  sludge.  It  is  only  fair, 
however,  to  assume  that  filter  press  sludge  could  be  dried 
equally  well  on  beds  so  that  the  saving  in  cost  of  heat  dry- 
ing between  the  two  sludges  is  more  apparent  than  real. 

Other  Methods  of  Sludge  Dewatering. — Drying  on  beds  is 
the  most  common  form  of  sludge  treatment,  but  unfortu- 
nately this  simple  and  economical  method  cannot  be  used 
for  all  sludges  or  in  all  localities.  From  our  observation,  grit, 
screenings,  the  sludges  from  settlings,  septic  or  Imhoff  tanks 
usually  dry  readily  to  a  spadable  consistency.  Some  limmed 
sludges  also  dewater  satisfactorily  on  sludge  beds,  but  with 
others  clogging  of  the  beds,  apparently  by  lime  soaps,  is 
quite  a  problem.  With  Miles  acid  sludge,  severe  clogging  of 
the  beds  took  place.  Untreated  activated  sludge,  due  to  its 
I    gelatinous  nature,   quickly   formed   an   impervious   de- 


posit on  the  surface  of  the  sludge  beds  and  the  amount  of 
drainage  from  the  sludge  was  negligible. 

Centrifuges  have  been  successfully  employed  on  sedimen- 
tation sludges  in  Germany  and  experiments  with  the  Basco 
ter  Mer  continuous  centrifuge  were  made  on  the  Milwaukee 
activated  sludge.  A  low  moisture  cake,  less  than  80  per 
cent,  was  obtained,  but  about  half  of  the  suspended  matter 
was  lost  in  the  effluent.  As  this  would  result  in  undesirable 
pyramiding  of  the  sludge  if  returned  to  the  aeration  tank, 
this  method  is  not  regarded  as  entirely  satisfactory. 

Filter  presses  have  been  successfully  used  to  dewater 
limed  sludges  at  several  large  plants  in  this  country.  Con- 
siderable work  has  also  been  done  in  filter  pressing  activated 
sludge,  best  results  being  obtained  by  acidifying  the  sludge 
prior  to  pressing.  This  method  has  produced  sludge  cake 
with  as  low  a  moisture  content  as  75  per  cent,  but  rather 
cumbersome  operation  and  expense  of  treatment  are  serious 
disadvantages.  As  to  the  relative  merits  of  sludge  flota- 
tion and  filter  pressing,  we  believe  that  the  flotation  process 
is  much  simpler  to  operate  and  very  probably  more  eco- 
nomical than  filter  pressing,  although  the  latter  process  will 
produce  a  sludge  of  somewhat  lower  moisture  content.  This 
last  feature  loses  its  importance,  however,  if  the  sludge  is 
to  be  further  dewatered  on  drying  beds  prior  to  heat  drying. 

At  Milwaukee,  in  the  early  part  of  1918,  experiments  were 
made  by  acidifying  and  settling  activated  sludge,  reducing 
the  moisture  content  in  the  sludge  to  about  91  per  cent.  This 
method  was  apparently  unsatisfactory  as  no  attempt  was 
made  to   develop   it   into   a   practical   and   workable   process. 

The  Maclachlan  process,  which  is  very  recent,  consists 
of  burning  sulphur,  and  forcing  the  fumes,  mixed  with  live 
steam,  through  activated  sludge.  This  process  is  being  used 
at  Houston,  Tex.,  as  a  conditioner  of  the  sludge  prior  to 
filter  pressing,  although  the  sludge,  after  treatment,  is  ap- 
parently amenable  to  drying  on  sludge  beds.  From  the  re- 
ports available,  it  appears  that  the  process  reduces  the  moist- 
ure content  of  the  sludge  from  98  per  cent  to  95  per  cent, 
which  is  not  as  good  ns  the  results  obtained  with  the  other 
processes  mentioned  above.  No  data  is  given  as  to  the  per- 
centage of  suspended  matter  recovered  in  the  sludge  or  the 
character  of  the  effluent. 

Suitability  of  Various  Sludges  for  Fertilizer  Base. — The 
concentration  of  ammonia  nitrogen  is  the  main  criterion 
which  determines  the  suitability  of  sludges  for  fertilizer 
base.  Authorities  quite  uniformly  agree  that  with  less  than 
5  per  cent  of  nitrogen  in  the  dried  material  sludges  are  prac- 
tically of  no  economic  value  as  fertilizer.  The  Imhoff  tank 
sludge  at  Baltimore,  however,  is  a  rather  notable  exception 
to  this  rule  as  this  sludge  has  been  sold  for  fertilizer  on  the 
nitrogen  basis,  which  usually  was  somewhat  below  5  per 
cent.  At  Rochester,  too,  the  farmers  are  willing  to  pay  suffi- 
cient to  cover  dewatering  the  sludge  and  haul  it  5  or  6  miles 
for  direct  use  on  the  land. 

At  New  Britain,  an  interesting  experiment  was  tried  with 
the  screenings.  A  plot  of  ground  about  three  acres  in  area 
was  sown  to  grass  and  fertilized  with  wet  screenings  applied 
in  a  thin  layer.  A  surprisingly  even  and  heavy  growth  re- 
sulted. For  a  number  of  years  this  same  ground  had  been 
similarly  sown  but  not  fertilized  and  only  sparse  and  patchy 
growths  obtained.  There  was  practically  no  odor  or  flies 
from  the  screenings  and  the  results  were  so  promising  that 
the  superintendent  of  the  Sewage  Disposal  Plant  intends  to 
make  further  attempts  to  utilize  the  screenings  for  fertilizer 
during  the  next  planting  season. 

At  New  Britain  also,  considerable  sludge  is  obtained  from 
the  sand  beds,  which  up  to  the  present  time  were  dosed  with 
raw  sewage.  The  sludge  was  air  dried  and  attempts  were 
made  over  a  number  of  years  to  use  it  for  fertilizer.  These, 
however,  were  unsuccessful  and  the  present  method  of  sludge 
disposal  is  by  filling  in  spoil  land. 

Of  the  sludges  here  considered,  however,  we  can  dismiss 
as  unsuitable  for  fertilizer  base  those  from  the  grit  cham- 
ber, Imhoff  tank,  and  secondary  sedimentation  tank  at  New 
Britain  and  lime  treatment  at  South  Manchester,  leaving 
only  the  activated  and  Miles  acid  sludges  at  New  Britain  and 
plain  sedimentation  at  South  Manchester  as  being  possibly 
suitable  for  this  purpose.  Of  these  three  sludges,  the  acti- 
vated sludge,  after  acid  beat  flotation,  had  the  highest  nitro- 
gen concentration,  5.85  per  cent.  Plain  sedimentation  had 
4.62  per  cent  and  the  Miles  acid  3.1  per  cent.  The  high 
nitrogen  concentration  in  the   plain  sedimentation   sludge  is 
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rather  unusual  for  this  type  of  sludge  but  may  be  accounted 
[or  by  the  fact  that  the  raw  sew  i  considerable 

dye  wastes,  some  of  which  had  as  mui  b  as  1,600  p. p. m.  or- 
ganic nitrogen. 

Our  experiments  furnish  some  rather  interesting  data  as 
to  the  varying  nitrogen  concentration  of  different  sludges 
derived  from  the  same  sewagi       ■  -  Imhoff  tank 

and  Miles  acid  sludges  at  New  Britain  we  And  that  the  total 
amount  of  nitrogen  per  million  galloi  the  former 

11.1  lb.  and  in  the  latter  9.6  lb.,  yet  the  nitrogen  con- 
centration is  greater  in  the  Miles  acid  than  in  the  imhoff 
tank  sludge.  This  is  attributed  to  the  solvent  action  Of  the 
acid  on  some  of  the  sewage  solids,  preventing  their  precipita- 
tion into  the  sludge  and  thus  resulting  in  somewhat  higher 
■itration  of  those  substances  actually  in  the  sludge. 
Thus  at  New  Britain,  we  have  the  anomaly  in  the  Miles 
,.  i,l    process   of  very  small  removal   of    nitrogen    froi 

_.    hut  a  relatively  bigh   nitrogei    concentration   In  the 
sludge. 

The  reverse  of  this  action   is  well  I      South 

Manchester  sludges.  For  example,  the  lime  treatment  sludge 
contained,  in  the  form  of  lime  precipitates,  considerable  ex- 
traneous matter  other  than  sewage  solids  s,>  thai  we  find  the 
concentration  of  the  actual  sewage  solids  in  the  sludge  to 
be  proportionately  reduced  by  the  addition  of  these  extra- 
neous solids.  Thus,  while  the  nitrogen  concentration  of  the 
plain  sedimentation  sludge  amounted  to  l  62  per  cent,  that 
of  the  limed  sludge  was  1.48  per  cent,  with  a  total  recovery 
of  nitrogen  per  million  gallons  sewage  of  21  and  26  lbs.,  re- 
spectively 

Activated  sludge  at  New  Britain  contained  about  three 
times  as  much  nitrogen  per  million  gallons  sewage  as  either 
the  Imhoff  tank  or  Miles  acid  sludges.  The  more  complete 
removal  of  suspended  solids  by  the  activated  sludge  process 
cannot  be  regarded  as  sufficient  explanation  for  this  circum- 
stance and  it  is  our  opinion  that  the  high  nitrogen  concen- 
tration in  the  activated  sludge  is  due  to  the  assimilation  of 
dissolved  organic  matter  from  the  sewage  by  the  sludge  or- 
ganisms and  perhaps  some  fixation  of  nitrogen. 

The  suitability  of  sludge  for  fertilizer  base  is  affected  by 
factors  other  than  the  nitrogen  concentration,  such  as  avail- 
ability of  the  nitrogen  for  plant  food,  the  amount  of  phos- 
phoric acid,  the  effect  of  fats  and  other  chemical  constit- 
uents of  the  sludge.  Of  the  sludges  here  considered,  how- 
ever, the  activated  sludge  appears  to  be  the  most  promising 
for   successful   utilization   as   a   fertilizer    ! 

Suitability  of  Various  Sludges  for  Fat  Recovery. — In  gen- 
eral, sludges  containing  less  than  15  per  rent  fats  are  not 
considered  suitable  for  fat  or  grease  recovery.  This,  how- 
ever, is  a  rather  indefinite  statement  since  varying  amounts 
of  fats  are  obtained,  depending  upon  the  method  used  in 
makiny  the  analysis.  Untreated  sludge  gives  one  result  and 
es  neutralized  with  sulphuric  acid  or  treated  with  an 
of  the  acid  give  somewhat  different  results,  due  of 
course,  to  the  action  of  the  acid  on  the  saponified  tats,  and 
it  Is  questionable  whether  or  not  these  should  be  included. 
If  tats  are  to  be  recovered  at  all,  however,  il  is  only  natural 
to  assume  that  the  most  complete  rei  meant 

and  for  this  pnrimse,  as  at  Bradford.  England,  the  sludge 
would  be  acidified  before  extracting  the  fats.  In  this  case, 
therefore,  the  most  important  test  would  be  the  acidified 
ether  extract  and  the  present  discus  that  sludges 

containing  more  than  If)  per  cent  acidified  'tier  extract  are 
tentatively  suitable  for  fat  recovery.  With  the  exception  of 
the  grit,  and  possibly  the  screenings,  all  the  sludges  here 
considered  contained  more  than  15  per  cent  acid  ether  ex- 
tract, the  highest  being  from  the  gril  chamber  scum,  which 
contained  66.5  per  cent.  Plain  sedimentation  at  South  Man- 
chester contained  37.5  per  cent,  and  the  Miles  acid  at  New- 
Britain  30.3  per  cent.  Imhoff  tank,  secondary  sedimentation 
tank  and  activated  sludge  each  contained  approximately  20 
per  cent  acid  ether  extract.  Under  present  market  condi- 
tions, it  is  doubtful  if  the  extraction  of  fats  from  sludges 
of  ordinary  domestic  sewages  can  be  economically  accom- 
plished even  with  a  concentration  of  over  LS  per  cent  acid 
ether  extract.  For  certain  industrial  wastes  and  extraordi- 
nary sewages,  such  as  at  Bradford.  England,  fat  extraction 
might  be  profitable.  It  has  been  stated,  however,  that  one 
of  the  advantages  of  the  Miles  acid  process  is  that  the  sludge 
is  much  more  suitable  for  fat  extraction  than  other  sewage 
sludges  mainly  because  of  its  higher  fat  concentration.     At 


New  Britain,  while  the  concentration  of  fats  was  higher  in 
the  Miles  acid  sludge  than  in  the  Imhoff  or  activated  sludge, 
in  actual  operation  after  drying  the  sludges  it  is  quite  possi- 
ble that  there  would  not  be  any  great  difference  in  the  suita- 
bility of  these  sludges  for  fat  extraction  due  to  concentra- 
tion. As  to  the  Miles  acid  sludge  being  superior  to  the  other 
New  Britain  sludges,  this  is  at  least  doubtful,  even  il 
age  treatment  is  to  be  viewed  from  the  standpoint  of  fat  re- 
covery rather  than  character  of  effluent.  There  can  be  no 
question  that  Imhoff  tank  treatment  is  considerably  simpler 
and  cheaper  than  Miles  acid  treatment,  yet  we  find  that  Im 
hoff  tank  sludge,  after  three  months'  storage,  contained 
67.2  lb.  plain  ether  extract  per  million  gallons  sewage  while 
the  Miles  acid  sludge  contained  65.5  lb.  As  for  the  acid 
ether  extract,  the  Imhoff  tank  sludge  contained  91.5  lb. 
per  million  gallons  sewage  and  the  Miles  acid  93.4  lb.  The 
fat  content  of  the  activated  sludge  was  almost  double  that 
from  either  the  Imhoff  tank  or  Miles  acid,  plain  ether  ex 
tract  being  105.3  lb.  and  acid  ether  extract  156.2  lb.  per  mil 
lion  gallons  sewage.  As  far  as  ultimate  fat  content  is  con 
cerned,  there  is  hut  little  difference  between  the  Miles  acid 
and  Imhoff  tank  sludges  while  the  activated  sludge  contains 
considerably  more  than  either,  in  spite  of  the  fact  that  the 
concentration  in  the  Miles  acid  sludge  is  about  30  per  cent 
greater   than    in    either  of  the  other  two. 

Summary  of  Connecticut  Experiences. — In  general,  our  ex- 
perience in  Connecticut  is  that  where  area  is  available,  as 
at  New  Britain,  air  drying  anil  final  disposal  on  spoil  land 
is  the  simplest  and  most  economical  method  of  handling  the 
sludges  from  plain  sedimentation.  Imhoff  tanks,  secondary 
sedimentation  tanks  and  perhaps  lime  treatment.  It  is  true 
that  more  or  less  offensive  accumulations  of  sludge  would 
be  developed,  which,  under  certain  conditions,  would  be  a  nui- 
sance, but  better  and  more  expensive  disposal  would  only 
be  warranted  by  the  assurance  of  recovery  values  that  will, 
in  part,  offset  the  increased  cost.  The  outlook  for  this,  with 
the  sludges  just  mentioned  is,  however,   not  very  promising. 

Wet  screenings,  when  applied  to  the  land  for  fertilizing 
purposes,  gave  surprisingly  good  results.  The  experiment, 
however,  was  not  carried  far  enough  to  be  conclusive  and 
more  information  is  necessary  to  determine  how  feasible 
it  is. 

The  most  limed  sluges  filter  pressing  would  probably  be 
necessary.  These  sludges,  apparently,  do  not  offer  much 
hope  of  successful  treatment  for  either  fertilizer  purposes 
or  other  utilization. 

A  practical  and  economical  method  of  dewatering  Miles 
acid  sludge  was  not  developed.  The  pre-eminence  of  this 
method  of  treatment  for  producing  a  sludge  particularly- 
suitable  for  fat  extraction  was  not  shown. 

Activated  sludge,  after  acid  heat  flotation,  air  drying  and 
heat  drying  would  be  readily  adaptable  for  use  as  a  fertilizer 
base.  In  the  dewatering  of  activated  sludge  we  believe  that 
acid  heat  flotation  possesses  certain  advantages,  such  as 
simplicity  of  operation,  elimination  of  filter  pressing  and 
saving  in  cost  of  final  heat  drying.  It  probably  will  not 
reduce  the  moisture  content  as  much  as  either  filter  pressing 
or  centrifuging,  but  apparently  it  will  be  cheaper  than  either 
of  these  methods. 

For  localities  which  require  completely  inoffensive  dis- 
posal of  sludge,  irrespective  of  cost,  Imhoff  tank  sludge,  ac- 
tivated sludge  and  Miles  acid  sludge  could  be  dried  and  de- 
greased  and  undoubtedly  recovery  values  sufficient  to  cover 
part  of  the  cost  of  treatment  obtained.  Existing  conditions 
at  each  locality  would  decide  the  method  of  treatment  to  be 
adopted.  Where  only  partial  treatment  of  sewage  is  neces- 
sary, economy  would  indicate  selection  of  the  method  pro- 
ducing an  effluent  and  sludge  similar  to  those  from  the  Im- 
hoff tank.  Where  a  greater  degree  of  purification  is  required. 
then  activated  sludge  or  the  Imhoff  sprinkling  filter  system, 
either  with  or  without  recently  developed  modifications, 
would  be  selected. 


Practicing  Engineers  to  Meet  in  Chicago— The  American 
Association  of  Engineers  will  hold  a  conference  of  practicing 
engineers  at  the  Congress  Hotel  in  Chicago  on  Feb.  22.  The 
tentative  program  includes  the  following  subjects:  How  to 
sell  engineering  service;  experience  of  the  practicing  engi- 
neer with  licensing;  publicity  for  practicing  engineers;  cost 
accounting  for  engineering  service;  bookkeeping  for  an  engi- 
neering office;   how  to  uphold   the  standards  of  services   and 
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State  Control  of  Water  Supplies 

The  activities  which  .1  Btate  bealth  department  Bhould  con 

duct  in  undertaking  comprel  •  uppliea 

outlined  bj   the  Committee  on  Water  Supplies  In  a  re 

admitted  1 

Santl  rhe   Committi  W     11. 

Mbert 
11    Jewell  and  Ralph  Hilacher.     The  report   follows  In  part: 

Present    Practice    of    Water   Supply    Control    in   the    Various 
States.      For   the    purposi  activl 

■.I  methods  employed  in  the  1 

troi  ol  water  supplies,  the  committee  submitted  inquiries  to 

bealth  department     R<  i  d    from 

1]    Information   con 

•1   two  of  the    states   not 

. aliens 

the  follow  iiik  iiifiiriM.il  li  tatei   ii:i \  e 

In   their  bealth  departments  s   dlvi 

wnii  the  •  "i   the  older 

and  more  populous  states  tin'  divisions  ot  Banitarj   ei 

idequatel]   manned.    At  least  12  Btatea  have  dlvi 

.:ii r  and   the   vast    majorlt) 

.  -:  i  1 1  < ■ » ■  r  with  one   to   li  \ « - 

iii  each  Btate  having  a  division  ot  Bani 

control  of  water  Bupplles  is  practiced,  the 

:    effectiveness   ol   which    varies    with    the 

I.     The  approval  ol   plans  for  pro 

public  water  supply  Improvements  is  required  in  almost 
.ill  ol  the  states  and  In  about  hall  of  the  Btati 

•  1   order   improvement    In    publii 
supplies  when  found  necessary.     The  extent   a 

I  !■.    In  the  different 

and  in  many  ol  them  practically  no  state  control   is 

le  due  to  Inadequate  personnel,    it  is  the  general  prac 

the  variou  1  maintain   s 

'i  of  laboratories  and  to  have  all  laboratory   analytical 

performed  by  this  division.    In  a  few 

■     .1    water   laboratory   is   maintained   as  a 

part   ul   the  division  ol  sanitary    engine 

The  general  conclusion   from  a  study   ol  the   Information 
furnished  to  the  committee  Is  that  In  most  Instances  the  di 
of  sanitary  engineering  ol  the  Btate  health  departments 
lately  manned   to  perform   the  duties   whlcl 
:     n    •  upon  Bucb  dlvl  loi         Additional  personnel 
is  necessary   to   provide   adequate    water  supply   control    to 
■t  tiint;  of  the  other  Important  functions  of  Buch  divisions. 
Recommended    Activities   of   State    Health    Departments    in 
Control  of  Water  Supplies.    -The   completeness  and  effi 
ol  control  of  water  supplies  by  a  stat.-  health  d 

ired  by  the  reduction  in  typhoid  fever  d<  atfa 

plete  and  effective  control  will  not  onlj   prevent 

lied   epidemics   ,,f   typhoid   lever   but    will   accomplish 

dy  reduction  in  the  number  1  ol  the 

■  1    result   will    In   fact   ordinarily   produce   a 

reduction  in  rates  than   the  reduction  due  to  proven 

lion  of  epidemics 

ontrol  ol   water    upplies 
should  be  provided  I  ite,  regardless  ol  othei 

in  of  sanitary  engineering     1 
ipplles  used  by  the  people  ol 
1 1   the  public  wati 
.    municipal]-  quasi 

ise  serving  It 
other  public  and  quasi-public  building! 
or  emplo)  d 

:  died   for  the  use  ol  In- 
Bottled  watei    used  lor  drinkii 

Recommended    Activities    for   Water    Supply    Control.      Foi 

'l      tile     con: 

Unent 
d  public  and 

■ 

ply  and  the  i 

Bpletl  d    ami 


Supervision   ol   exiatlnj    publli    and   quasi-public    water 
supplies  by  Btate  health  department. 

""us  bj    the     tati    bealth  department   to  cover 
1  be  follow  ing  featui  - 
1 1 '  Adeline  j    oi   the     upply. 
(2)   Possibility   of  contamination   ol    -ource. 

Possibility     ol  due     to     improper 

iie\  elopment 

(4)  Possibility  ol  contamination  due  to  inefficient  purl- 
Bcation   works 

(5)  PosBibllltj  ot  contamination  In  distribution,  for 
example    bj    cross-connections,    unsafe   reservoirs. 

(6)  I'ossiliiliu  ,,f  contaiinii.il  ion  dm  io  emergency 
supply 

(7)  Sanitary  quality  determined   bj    analyses  made  in 

Id  and  in  the  di  partment  laboi 
IN|   l';v'  or  what  purposes. 

i"  submission  01  repi  ■    health  department  by 

local   officials, 

(1)  R<  iperation  ol   watei    purification 

(2)  Reports  of  regular  analyses  ol  water  supply  made 
In  laboratoi  than  that  of  the  state  health 
department 

(3)  Plans  and  existing  works  when  required 
by  the  Btate  bealth  department, 

(c)  Issuance  and  cut,.,  t!l,i  regulations  by 

.    [th  dep 
1,1   Requiring  maintenance  of  system 

such  as  Bushing   1 ains,   cleaning  ol   reservoirs 

ami  Btandpipes,  removal  ol  cross-connections 

(2)  Requiring  proper  supervision,  analytical  control 
and  operation  .11   watei   purification  plains. 

(3)  Requiring  abandonment   ol  emergency   intakes  and 

iment,  requiring  proper  con- 
trol of  the  use  of  thi 
1  1 >   Requiring  lmpro\  1  menu  to  com  levelop 

ment   of  the   BUpply,   such   as   open    well    tops,    ll 

and  nnproti  cted  voire,  leaky  gravlt 

(5)  Requiring   abandonment    ol    water    supplies    found 

to  be  iii> i»n ■        erou    to  health,  and  the  in- 
stallation 01  .1     .in  factor)     uppl .  ,    puri- 
fication plant. 
Investigation   bj    the      tate    health    department   of   the 
necessity  ol  public  water  supplj  Bysteme  in  municipalitii 

ts    not     provided    with    a     public    water    supply.       I 
upon    such   investigations    local    officials   should    be   urged    to 
provide    latisfactorj    public    water  supply   Improve. 

1  Effective  control  of  water  supplies  demands  control 
bj  the  slate  health  department  of  sewerage,  sewage  disposal 
and  industrial  wastes  disposal.  Such  control  should  include 
approval  or  disapproval  of  proposed  projects  and  enforcement 
of  orders  requiring  Improvements  necessarj  to  correct  and 
prevent  contamination  of  water  supplies  This  phase  of 
wholly  distinct  from  -  mtrol  of  sewerage  and  disposal 
of  sewage  and  industrial  be  purpose  "i 

stream   pollution  and  uuie 

Application  by  the  stat.    health  department  ol  remedial 
to  suppress  waterborue  typhoid  fever  epidemics 
6      Examination  and  approval   bj    the  state  health  depart- 
»b  1       hi  Pi  ll  .  king    and    culinary    purposes 

iiinon   carriers.     This   work   is   to  be   carried   on    in   co- 
'"  with  the  United  state     Public  Health  Service, 
'.     Attention  lo  private  water  supplies  by  the  stale   b 
department  is  necessary,  but   tl  conl  ch  sup- 

plies should  be  practiced  by  the  local  health  offli 

Should    examine    them    and    ord  :  .  n  ■■  :     01     jm. 

N  necessary,     ii  |s  the  proper  function  ol  the 
tate   health   1  to  furnish   general   Informatli 

garding  the  propi  1  location  and  development  ol  private 

supplies  and  youi   1  that   this  m 

accomi  '  rough 

should  mi  ni  of  pi 

upplte     when  a  public  water   mpplj   ol  satisfactory  quality 

The  placini  ol   all  ol  the  above  listed  activities 

cannot  be  accomplished  at  one  time  and  without  great  el 

in  most  cases  it  will  he  found  1 essary  to  most 

Important    activities   to  be  undertaken    first    ami   to   be  foi- 
1      the  addll  Ion  onsid- 

'  "d    to   i"    ol    lesser   Iraportai 
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Flow  of  Water  Through  Spiral   Riv- 
eted Steel  Pipe 

Data  and  results  of  an  Investigate  a  upon  the  tl<>w  of  water 
through   4.   6,   8  and    10   in.   galvai  i    i    riveted   steel 

pipes  are  given  in  a  recently  issue.  1  bulletin  of  the  Engineer- 
ing   Experiment    Station    of    Purdue    1 

nients  were  begun  in  1917  and  later  completed  by  the  authors 
of  the  bulletin— F.  W.  Greve,  Assocl  Hydrau- 

lic Engineering  and  R.  R.  Martin.  1;  Istanl  In  Hy- 

draulics.   The  notes  following  are  taker,  from  the  bulletin: 

The  Purdue  experiments  dealt  primarily  with  the  relation 
of  friction  loss  to  - 

in  straight   runs,  both  when  the  flow   was  directed   with   and 
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Fig.   1 — Relation   of  m   to  d   in   the   Equation,   m         k   (dp 

against  the  laps.  Secondary  consideration  was  given  to  the 
effect  of  different  kinds  of  piezometer  connections  upon  the 
differential  gage  readings  in  connection  with  the  experiments 
on  the  6-in.  pipe. 

Description  of  Pipe. — The  spiral  pipe  was  all  of  No.  16 
gage,  galvanized,  and  made  up  into  approximate  lengths  of 
4  and  "0  ft.  The  several  sections  of  pipe  were  held  together 
by  bolted  steel  flanges.  In  manufacturing,  a  strip  of  gal- 
vanized sheet  steel  about  twelve  inches  in  width  is  first 
formed  into  helical  shape  with  overlapping  edges  so  as  to 
form  a  seam.  The  amount  of  overlap  is  about  one  inch  on 
each  side  of  the  strip  to  allow  for  riveting.  The  average 
spacing  of  the  rivets  is  7S  in.  for  the  4  and  6-in.  pipe,  1  in 
for  the  8-in.  and  1%  in.  for  the  10-in.  pipe.  The  rivet  heads 
on  the  inside  of  the  pipe  are  flattened  to  reduce  the  resistance 
to  flow. 

Each  spiral  pipe  line  was  laid  horizontally  and  consisted  of 
three  sections  each  approximately  20  ft.  long  and  a  fourth 
section  about  4  ft.  long.  Piezometer  rint;s  were  inserted 
between  the  first  and  second  and  between  the  third  and 
fourth  sections  from  which  rings  the  pressure  was  commu- 
nicated through  '4-in.  pipes  to  differential  gages.  The  pur- 
pose of  the  first  and  last  sections  was  to  insure  continuity 
of  flow,  the  water  being  subjected  to  no  change  in  the  given 
conditions  when  entering  and  leaving  the  tested  lengths. 

Method  of  Testing. — The  true  diameters  of  the  pipes  were 
determined  by  the  volumetric  mi 

A  pressure  gage  was  attached  to  the  upstream  piezometer 
ring  in  each  setup  to  aid  in  controlling  the  pressure  which 
was  kept  between  10  and  20  lb.  per  square  inch  to  insure 
the  differential  gage  against  breakage  and  to  make  certain 
that  the  pipes  were  filled  at  all  times.  The  valve  at  the 
pump  was  adjusted  for  a  given  rate  of  discharge  and  no 
data  were  recorded  until  the  piezometer  indicated  a  steady 
flow  in  the  channel  so  that  there  was  the  same  rate  of  dis- 
charge into  the   weighing   tank  as   was   passing   through   the 


pipe.    The  petcocks  at  ,  differential 

s.    and 
force  out  any  air  that  m  ,  ,„   ,,„)0  and 

Bttings.     Five  reading 

for  eaeli    test    whi.  ! 

Initial  and  final  readings  of  th<      elghing  I 

'"  ,h''>''  Ave  rendu 

tests    were    made    :,.      . 

serving  as  a  • 

Computations    and    Results 

water   alscb 

water)    and    the   I 
divided    by   the   i  i 

ive  the  veloclt]    In 

I  tlj    and    I.,   that    ol 
the    n  I 

the  convenience  ol  i 

le, hire, 1    I,,    the 

In 

tionship    wa 

wilh   and    against    I 

that   of  the  head   : 

that   the   graphs  are   uearlj    p 

slope  varies  but  little  for  the 

hown  that  tl  ■ 
for  any  given  velocity:  that  1 

■  ith    laps:    and    that    thi 
against   laps 

effect  of  direction  of  flow   bi  pondingly   li 

the  size  increases  is  to  bi  Ince  the  thli 

lap  is  a  constant  for  th< 
of  this   thickness,   or   projection,   to   the  diameti 
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Diameter  in  Feet 

-Relation  of  n  to  d  in  the  Equation,  n         .- 


with  increase  In  diameter.    Thus,  the  pproach  the 

conditions  of  Bmooth  pi] 

Relation  of  Head  to  Velocity.— The  equation  of  the  graph 
showing  the  relation  of  head  :  tj   is  readil) 

mined,  both  analytically  and  graphically  The  equation  is 
ei  the  form,  hi=  m  ivi"  when  n  is  the  tangent  of  the  angle 
that  the  graph  makes  with  the  horizontal  axis  and  m  is  the 
value  of  hi  when  v  is  one  foot  per  second.  I'ig  1 
values  of  m  plotted  against  pipe  diameters,  d,  to  determine 
whether  or  not  a  relationship  existed  between -these  two 
quantities.  The  graph  proved  to  be  a  straight  line  when 
plotted  on  logarithmic  paper.  Its  equation  being,  m  =  k  (d)' 
where  x  is  the  tangent  of  the  angle  thai  the  graph  makes 
with  the  abscissa  and  k  is  the  value  of  DO  when  d 
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showing  the  relation                              '  Methods    and    Cost    of    Repairing    a 

plotted    ..n    t.oth    logarithmic    and    rectangulai                       ■•  W*******"     *""*              ,    __. 

The  lurm  of  ttai  Stand   Pipe 

Ud  be  ftmnd  (                    01  points.     Accord-  ,  _.:„„  u(  ,,     ..,„.] 

inglv    given  values  ol  d  and  .1  were  substituted  In  the  equa  During  a  neavj  gale  cm  De<     M    1917,  s  section  ol  «  stand- 

aon  ,                                                                       the  consUnts  pipe  ol  the   Hath   Water   District    ol    Bath,   Me.,  tailed     The 

ind  i.\    solvit                                 multa  structure  was  built  In  is*:      II   hae  a  mean  interior  diameter 

taUon  thus  obtain.'. l   was   earefullj    plotted  q)  abou(   ,(  |(    and  §  cht]  lnterior  height  ol  74  ft.    All  rings 

'"  T'  ,'',',   th The  llSlU      we  5  ft    In  height,  with  lap I     ertlcal  and  horizontal  joint,; 

when                                           against    tin-   laps,      rne   mints  

•  the  equation  were  found  bj   determining  the  the  horizontal    lolnts  on  tl                   de  ol   the  bottom 

ol   tn |ua  being  double  riveted,  all  oth               ntal  joints  single  riveted, 

'  'i'h    "  and  all  vertical  joints  double       eted     The  upper  top  of  ring 

,i  wave,  the  values  ol  the  constants  In  the  waa  reinf0rced  by  a  3-in.  a            oi    made  up  bj   a  series  of 

maining  true  only  between  anj    high   (the  crest)  sn(               ,                                          failed  was  on  the  easterly 

and   low    (the  trough)   points.     The   points  ol  Inflection  an  ,,.,i  ,losvn  about  35  ft.  from 

tgfa  and  low  points  just  mentioned      The  equation  for  tne  top     Tne  |ower  llhll!  ,                maged  Bection  was  at  the 

rtou     trlth     laps     holds     good     for     all     values     oi     d  — to  ieve\  o(  th(,  water  U1  tjl%.  standpipe  at  that  time. 

4    In    and    greater  and   tor  all   values  ol  d   when   the  flow  r] (] ^    method8  ()f  ,.,,„.,(,.,,,...  the  standplpe  were  described  by 

l»  din                    it  the  Una.    The  relation!   thus  established  (.lal,.n,.,.  K  r.(1.„.r  .„„,  W.,„,M.  ,,    \i,n„tt  in  a  paper  presented 

furnish  a   means   of  computing   m  and   o   tor  anj    diametei  ^  ^  ^  .tnmri]  n                         Ne„   KnKlaIul  waterworks 

of  pipe.     It  has  been  customary  to  Interpolate  values  01  trie  Xs^,H.jltil„, 

tion  lo-ses   for  a  given  size  of  pipe  when   experimental   data  -    The  8tand  j       waa   operated    witn   the   remaining  available 

been  lacking      The  results  thus  obtained  are  approi  ,           ,   ^  [aUer  parl  ()f  the  summer  of  1919> 

mate  and  not   as   trustworthy  as  those  iron,   the  general  equa-  ^^  ^    ^ ^^   ,)1Mrl(  ,  ,,,,„,  ,,„.,,.,,  with  the  Bath  Iron  Works. 

Hon    ■                     tabllahlng  the  values  ol  m  and  n.  ^  B;|]h    N|(      fm  n                          ,    toration  to  full  capacity. 
Coefficient    of    Friction.— The    coefficient    of    friction,    f,    in  K(ll.  ,hi,   ,,,,,„,.,.,,,,,,„  ,,,   this   work,  the  contractors  installed 
;iiatton.  hi                             was  found  for  the  several  sizes  .((   1))(j  sjti,   g   lMlll:lhl,,   boiler,  to  supply   power  for  the  steam 
of  pipe   because  this  equation   is   the  one  m   general   use  and  boists   which   handled   the   plates,   and   an   air  compressor  for 
the   results  obtained  will   correspond   with   common    practice.  m,.unc       \  M.                       ected  on  the  outside  of  the  stand- 
computed   for  ball  pipe  and  a  float  placed  i  n  the  inside, 
ip   to    1".    feet   per  second   for   the    I    and   ti  in.   pipes:  u;is   carefully    marked,   the   rivets   "busted"   off 
12.6  feet  per  second  for  the  8  In.  pipe:  and  up  to  9  feet  wj                       immers,    and    the    plate   lowered    to   the   ground, 
per   second    for   the    10-in.      The    method    of   obtaining    these  Tli(j    p,at(                      ,R    hauled    bj    trucks   to   the    local    plant 
-  .is  follows:      The  value  of  hi   for  a  given   velocity  Qi   lhg   contractors    re-rolled    to   original   shape,   and   then   re- 
red    on    the   head   lost-velocity   graph.     This    value  pl.l(l,d   jn  tile  structure      In   all,   :'T   plates  were  removed.   L'4 
then   substituted  in  the  equation,  t=hi  d2g  l(v)  .  and  heing  re-rolled  and  :'.  new   ones  furnished:  those  which  came 
the  equation   solved  for  f.     The  relation  of  f  to  velocity   was  ft(  tne  lower  extreinitj    of  the  damaged  section   being  broken 

Ished  on  a  large  scale  and   a   smooth   graph   drawn   as  gQ  tha(   they  (.auili  n<)|    |l(.  n.ll;m,,i 

a  means.     It  is  the  opinion  of  the  authors  that  the  exponen-  In  re.setting  the  plat,-,  each  ring  was  completed,  and  then 

tial   equation    is   the    proper     one    to    use      The     equation.  tne  water  jevei   m   the   standplpe    was   raised   sufficiently  to 

h,  =  fltv»:/d2g,  defines  the  friction  loss  as  varying   with   the  bring  the  inside  float   to  the  proper  working  level  for  placing 

square  of   the  velocity  while   as   a   matter  ol   fact   the   loss  (h(,  next  rjng     control  ol  the  level  ol  the  water  in  the  tank 

ime  other  power  of  the  velocity  than  two.  wag  maintained  by  means  ol  temporary  telephone  connections 

It    was   found   that   the   coefficient   of   friction,    f,   decreases  wj(h    tn(l   superintendent's    office,    and    the   superintendent    in 

in  all   cases   with   increase   in   the   velocity.     This   relation   is  turn  regulated  his  pumps  to  ] luce  the  desired  result.     After 

identical    with    that    established    for    smooth    pipes    and    will  all  q£  the  plates  haQ  been  replaced,  the  top  of  the  upper  ring 

;.<   hold   true   whei                       than   two  in  I                    in,  wag  remforcea  by  a  G                    a    .mule  iron  in  18  ft.  lengths, 

hi=m(v)*.    It  waa  also  observed  that  for  any  given  velocity,  a[]d  ,-our  steel  wire  guvs   (1   in    m  diameter)   were  fastened 

the   coefficient   of   friction   increases   with   diameter   until   the  tQ  the  quarter  points   of   the   top  and   anchored  to  the   ledge 

latter    has    a    maximum    value    of    8    ins.    when    it    begins    to  about  100  ft.  from  the  bas<    Of  the   standpipe. 

decrease.     In  the  case  of  smooth  pipes,  the  coefficient  always  Ag  tne  Dottom  „,,,,,.,  ,,                Mention  and  the  paint  needed 

decreases  with  diameter  for  any  given  velocity.     The  authors  renewal,   the   water    wa-    drawn    out    and    about    1    ft.    depth 

suggest  the  following  as  a   possible  explanation  of  this  phe-  ot  (oncl'ete  was  ,,i;„  .                       entire  bottom,  and  the  struc- 

nomenon.     The  water  Is  of  course   in   turbulent   motion   and  ture  wag  gjven  two  good  coats  on  the  inside  and  one  on  the 

ts  direction  of  flow  may  be  as  the  twist  and  propulsion  of  a  0utside  of  Detroit    graphite   paint. 

right  hand   screw.     If  this  hypothesis  be  true,   then   the   path  The    Ume    consume,|    ,„    making    all    repairs    is    divided    as 

of  a  particle  of  water  will  have  a  tendency  to  coincide  with  follows: 

the  spiral  winding  of  the  pipe      The  friction  loss  would  Days. 

be  less  than  if  the  particles  of  water  passed  across  the  laps,  rs  to  the  P'BJes                           

Sk   or  jump   in   the   path   at   each   lap      In  PahJtog"  '" 
other                              will  always   be   leas   loss  of  energy  when 

any  moving  particle  of  matter  moves  with  no  sudden  ,  rota 

of  motion.    The  decrease  in  head  lost  due  to  The  structure  was  entirely           ol   service  during   the  con- 

ter  than  the  effective  resistance  ol  creting  and  painting  onlj    a   pei  od   ot   six  days,  and  during 

of  the  pipe  ii                      ratio  of  this  time  water   was   pumped   directly    into   the   distribution 

con  system,   which  was  protect,,!   bj    two   relief  valves,  one  being 

th  pipe,  at  the  Nequasset   Pumping  Station,   which  is  about  2<i  miles 

altt  ,                                                     „„.r    will    bl  Ol    the   city   or   ::■',    miles   east    of    the   standpipe.   and   the 

other  being   at    the   Thompson's    Pumping   Station,   which  is 

Conclusions.      I                                                            I'iial  riveted  about   2  miles   west   Ol    the   Btan 

with   the   i.                      •    differ  The  cost  ol   Hie  work  was  e     follows: 

R<  pall 

PamtJi 

- 

•fetal 

wat.                                                                                  ad;   and  The  total  cost,  for  repairs  only,  Is  an  average  »f  $21 

,  onstructlon  of  the  tank-  the  v 
Bboul  11%  cl   per  square  yard  pei  coat,  but  this  cost  excludes 
ome  additional  expense  which  would  have  been  encountered 

not  had  the  painting  been  done  si  some  other  time  as  an  entirely 
iob. 
(10) 
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Driving  Sewer  Tunnel  at  Detroit  with 
Pneumatic  Spaders 

Pneumatic  spading  tools  are   bel  I    with    much  suc- 

n  driving  the  tunnel  tor  the  J  i  pau  and   Palmer 

ewer  at   Detroit.  Mich.    This  sewer,   in  general,  is  10% 

ft    Inside  diameter  with  18  in.  of  brick  work  all  around.   The 

actual  excavation  is  for  a  tunnel  it  ft    in  diameter. 

The  brick  work  closelj   follows  the     •    ivation,  the  tunnel- 
ling being  done  in  the  day  time  :i  titl  the   masonry  being  laid 


Tunnel    in    Good   Ground   47   Ft.    Below    Surface.      At   the   Time   the 

Photograph  Was  Taken   an   Advance  of   1.000  Ft.  from 

the    Shaft    Had    Been    Made. 

at  night  The  brick  laying  gang  finishes  its  work  at  3  a.  m. 
Two  miners,  with  the  pneumatic  spaders,  then  start  driving  a 
monkey  heading  2  ft.  wide.  3  ft.  high  and  14  ft.  long,  for  a 
needle  beam  which  serves  the  double  purpose  of  a  base  for 
bracing  in  bad  ground  and  for  the  support  of  the  arches  for 
the   overhead   masonry. 

The  day  gang  begins  work  at  7  a.  m.  With  four  miners 
(the  hammer  men),  four  muckers,  and  one  man  to  take  off 
the  cars,  an  average  progress  of  14  ft.  of  tunnel  is  driven 
per  day.     This  means  14  ft.  of  finished  sewers  as  the  masons 


Tunnel    in    Ground    Requiring    Bracing.       This 
Sewer   Being    Driven    in   Other    Direction   fr 

lay  the  brick  for  this  portion  at  night.  The  miners  are  paid 
on  a  footage  basis  and  some  of  them  average  as  high  as  $14 
per  day. 

With  these  tools  the  exhaust  of  the  hammer  supplies  fresh 
air  to  the  miners,  a  decided  advantage  when  the  tunnel  is  in 
1.000  ft.  or  1,200  ft.  As  a  usual  rule  on  this  job.  one  shaft 
is  put  down  and  the  tunnel  driven  both  ways  from  it  to 
meet  the  connecting  links  of  the  sewer. 

The  tunneling  equipment  on  this  work  consists  of  a  12x10 


Chicago  pneumatic  compressor,  a  42x8  tank,  and  a  75  H.P. 
50"  General  Electric  motor,  with  drum  control  and  oil  switch. 
A  3-in.  supply  pipe  is  laid  in  the  tunnel,  flange  unions  being 
used  so  that  the  pipe  can  be  taken  readily  from  place  to  place. 
Chicago  couplers  and  Chicago  cord  hose  are  also  used  in  addi- 
tion to  the  No.  ii  Boyer  clay  diggers.  16  of  which  are  on  this 
job — 10  in  sn  nitly  and  6   in  reserve. 

The  contractor  for  the  sewer  is  J.  A.  Mercier  &  Co.,  Pen- 
nobscot    Bldg.,   Detroit,   Mich 


U.  S.  Chamber  of  Commerce  to  Work  Out  Plan  for 
Land  Reclamation 

An  intensive  study  of  the  whole  subject  of  the  reclamation 
ef  waste  areas  has  been  started  by  a  special  committee  ap- 
pointed by  the  Chamber  of  Commerce  of  the  United  States. 
It  is  the  aim  of  the  committee  to  work  out  a  national  plan 
for  the  reclamation  of  idle  lands  by  irrigation,  drainage, 
dikeage  and  other  methods. 

The  committee  will  go  into  the  social,  political  and  eco- 
nomic questions  involved  in  the  subject,  giving  special  con- 
sideration to  such  questions  as  the  drift  of  the  population 
to  the  cities,  the  effect  opening  up  new  territory  has  upon 
industry,  and  the  practicability  >>i  this  method  of  providing 
lands   for   war   veterans. 

The  committee  will  consider  the  reclamation  bills  before 
Congress  and  will  devote  its  attention  to  the  broad  principles 
of  the  entire  subject.  At  the  conclusion  of  its  investigation, 
the  committee  will  submit  a  report  which  can  be  made  the 
basis  for  a  referendum  vote  of  the  organization  within  the 
chamber's   membership. 

E.  T.  Meredith,  former  secretary  of  agriculture,  of  Des 
Moines.  la.,  is  chairman  of  the  committee.  The  others  mem- 
bers are:  Hugh  P.  Baker,  executive  secretary,  American 
Paper  and  Pulp  Association,  New  York;  E.  F.  Blaine,  vice- 
president  Seattle  Chamber  of  Commerce,  Seattle;  Marshall 
N.  Dana,  Oregon  Journal,  Portland;  Clyde  C.  Dawson,  attor- 
ney. Dawson  &  Wright,  Denver;  W.  E.  Guild,  treasurer,  Fink- 
bine  Lumber  Co.,  Jackson.  Miss.;  E.  D.  Holmes,  president 
Chamber  of  Commerce,  Casper,  Wyo. ;  Edwin  L.  Lobdell, 
Edwin  L.  Lobdell  &  Co.,  investment  bankers,  Chicago;  Felix 
M.  McWhirter.  president  Peoples  State  Bank  of  Indianapolis, 
Indianapolis;  Frederick  H.  Newell,  consulting  engineer,  TJ. 
S.  Reclamation  Service,  Washington;  Walter  Parker,  general 
manager  Association  of  Commerce,  New  Orleans;  J.  H.  Ross, 
president  Exchange  Supply  Company,  Tampa;  R.  E.  Shep- 
herd, general  manager  Twin  Falls  North  Side  Land  &  Water 
Co.,   Jerome,    Idaho. 


Effect  of  Meterage  on  Water  Consumption 

The  following  table  is  reprinted  from  the  16th  annual  re- 
port (for  the  year  ending  Sept.  1,  1921)  of  the  Board  of 
Water  and  Sewer  Commissioners  of  New  London,  Conn.: 


Gallons 

Gallons 

Per  cent 

S  '  ai  ending 

1  .in   umption. 

i.i  each 

ti ,  eai  i 

Inhabitant. 

con   'J 

Sept     1     I'll 

1,047.724, 

1 

i 

15 

Sept     1 

1.1ih;.'.h;:i  .nun 

154 

157 

Sept     i 

.    1,133,300, 

1 :,.-, 

Mi. 

::: 

Si  pi    i.  i o 1 1 

.    1, ,0 

1  19 

154 

HI 

Sept     1.   1915. 

991,599,764 

131 

126 

13 

Sep)     1     1916 

869,568,240 

m 

109 

Sept.    i.    1917. 

:.;  850 

I  II 

104 

71.5 

1     1918. 

.    1,115,177,740 

127 

Hfl 

58 

Sept 

117,060 

i:;i 

123 

.-,"  3 

Sept.    1.    1920. 

.    1,121.7 

1 19 

117 

Sepl      !.    1921  . 

llii 

107 

100 

The  report  contains  the  following  comment  on  the  result 
of  meterage: 

Every  service  in  the  city  with  the  exception  of  fire  services 
and  fire  hydrants  is  now  metered,  and,  ^  stated  in  the  last  annual 
report,  the  city  of  New  London  is  100  per  cent  metered.  The 
effect  of  entire  meter  installation  is  shown  by  the  total  consump- 
tion table,  and  also  the  amount  of  water  rates  collected,  tt  is 
now  an  established  fact  in  this  city  that  a  metered  service  is 
the  only  equitable  way  of  supplying:  water  to  consumers. 

If  all  the  fixtures  and  pipes  in  the  buildings  supplied  are  kept 
tight  it  is  found  that  in  a  large  per  cent  of  cases  the  meter  is  a 
money  saver  to  the  consumer  and  a  water  saver  for  the  depart- 
ment. If  the  meter  is  found  to  be  registering:  a  larger  consump- 
tion from  the  last  reading,  the  meter  reader  notifies  the  office, 
which  in  turn  notifies  the  owner.  In  this  manner  the  owner  is 
notified  of  a  large  consumption  and  it  remains  with  him  to  reduce 
this  large  consumption  by  repairing  leaking  fixtures  or  by  using 
less  water.  But  few  cases  of  excessive  consumption  were  noted 
during  the  year  and  the  few  that  occurred  were  due  to  leaks 
which  were  not  given  immediate  attention  after  the  owners  had 
been  notified  of  the  same. 
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Treatment  of  Storm  Water 

uilt-up 
thing, 

o  thai  Insufficient 
dilutu 

(fluent, 

itment  plant 

liart  of  the  storm 

a    into  the  stream 

ble,  at  convenient 

on  the  theory  that, 

•    rni  Bow,  tho  dilution  will  he  ample. 

true  if  the  rollen  at  the  time, 

b   a   load   of  other 

m  the  watershed  that  the  accession 

ie  to  a  local 

run-off  from   I  ed   ol  the  stream 

the    dilution    may   be   reduced 

its  will  occur,  the 
rial   forming   bars   and   the   Boating  portions   be- 
and  littering  the  shores. 
:   drought,  when  a  sudden   shower  causes 
earn,  the  first  flush  car- 
accompanied 
1  by  a  greater  dilution  of  rain  water. 
Treatment    for    Storm    Water. — The    discharge    of    storm- 
pended  solids  often  may 
•  ius  offense,  or  be  carried  on  by  the 
n   other  grosser  deposit- 
forming  materials.    The  idieated  for  storm-water. 

md  heavy  detritus 
before  the  effluent  is  admitted  to   the  stream. 

bones, 
fruit  pits,  tin  cans,  i  In  part  made 

in  a  current  of  1  ft.  per 

excluded   by   racks,   the 

mainly  grit,  ashes,  sand,  and  gravel. 

ood,    straw,    leaves,    fruit 

rinds,  rubber  and   baseballs,   and   toys 

If  racks  are  provided  they  will 

■    mentioned,  a   collection 

:sly. 

he  classified 

kfl  with  bars  from  3  to  4 

i.il   the 

finer  a  ill   be  reni' 

Featurei  of  Detritus  Plant.     Ii   the  proposed  detritus  plant 

i  nee  is 

i    will  occupy 

If  the 

Bttl  ■  a   large  area 

'    from 


velocity.      The   grit    may    be    excavated   by    a    clam- 
shell bu  or  cars,  and  used  for  filling. 
The    finer   screenings    ma)    be    bandied    in   various   ways, 
i  or  near  a   iewaf  mechanical  screens 
\i  the  lowei       d  ol  a  grit  chamber,  10  or  12 
ft.  wide   carrying  about    10                      per  day,  a  \~v    R.-W. 
or  a   12  ft.  Horn  ii                           long  may  be  used  if 
•  ■■I  ed  and  proi  Idi 
Another   method  would   be   to   construct  the  grit  chamber 
or  basin  with  the  apper  i                       ide  next  to  the  stream 
of  open  permeable  m  may  pass  through 
Sited    cm    its    surface.      Main- 
taining  a   proper  %•■                       ^h  the  chamber  and  keeping 
the  porous  bank  from  clogging  would  be  the  chief  difficulties 
a  design. 
Another  suggestion  which   has  considerable  promise,  is  a 
grit   chamber  preceded   1.                         ks  and   provided  at  in- 
tervals   of  about    26   ft   with                       -  of  inclined  scum- 
boards    continued    downward    with    inclined    racks,    progres- 
sively  finer  down  stream,  each  of  which   is  provided   with 
raking    platforms    above     and     short     submerged     platforms 
projecting    up   stream    from    their   lower   ends   to   retain   the 
screenings.     These  racks   will   not   reach  the  bottom  of  the 
chamber,  but  will  stop  about  4  ft.  above  it.    The  down-stream 
the  chamber  will                        an   overflow   weir  which 
will  maintain  the  water  in  the  channel  at  the  desired  eleva- 
tion.    A   drain  valve  for  re-watering  will  also  be  provided. 

All  such  devices  will  require  periodic  attention  and  cleaning 
and  cannot  beoperated  satisfactorily  except  on  a  methodical 
schedule,  directed  by  a   responsible   man. 

Details  of  Structures  for  Treating  Storm  Water. — As  pre 
viously  mentioned,  structures  for  treating  storm-water  may 
he  made  up  conveniently  of  units  about  10  or  12  ft.  wide 
by  a  maximum  of  10  ft  deep  and  from  60  ft.  to  120 -ft.  long, 
designed  for  a  velocity  of  1  ft.  per  second.  The  number  of 
such  units  will  depend  on  the  quantity  of  storm-water  antici- 
pated, assuming  the  capacity  of  each  channel  to  be  60  cu.  ft. 
per  second.  Either  there  must  be  a  sufficient  number  of  such 
units  to  carry  the  estimated  maximum  flow,  or  a  smaller 
number  may  be  constructeu  and  a  by-pa--  provided,  as  econ- 
omy  may  dictate. 

The  simplest  way  of  accommodating  an  extreme  flow  would 
walls  of  the  channels  with  considerable 
freeboard,  in  order  that  an  increased  head  on  the  outlet  weir 
would   accommodate   the   increased   discharge. 

Computating  Run-off  to  Be  Provided  for  at  Outfall. — As  an 
example  of  about  what  would  be  required,  let  us  assume  a 
water-shed  of  1,000  acres.  1  mile  wide  and  nearly  2  miles 
long,  with  the  longest  sewer  12.000  ft.  in  length  from  source 
to  outfall,  and  with  grades  such  that  when  running  full,  the 
velocity  will  average  5  ft.  per  second.  It  will  require,  there- 
fore. 40  minutes  for  water  to  travel  down  the  entire  system. 
and  if  a  period  of  5  minutes  i-  allowed  for  the  water  to  reach 
the  sewer,  a  shower  of  4T>  minutes'  duration  will  be  the 
shortest  in  which  the  entire  water-shed  will  contribute  and 
precipitation  from  the  remotest  corner  of  the  territory  reach 
the  outfall  at  the  same  time  as  from  every  other  part.  If 
from  an  examination  of  the  rainfall  records  of  the  loi 

ect    the   45-minutes    shower   of   such    intensity   that    it 

occurs  every  year  or  two.  it  may  be  used  as  a  basis  for  the 

computation  of  the  run-off  to  be  provided  for  at  the  outfall. 

In  Rochester,  N.  Y..  this  -tr,  minute  shower  has  a  rate  of 

1 .22    in.    per    hour.     In    the    residence    section   about    25    per 

cent  of  the  precipitation  from  these  violent  showers  reaches 

the  sewers  during  the  period.     A  discharge  of  1,000  X  1.22  X 

305    cu.    ft.    per    second,    therefore,    can    be    computed 

which  will  require  five  of  the  grit-chamber  units  mentioned 

Such   a    plant   will   take   the   discharge   of   a    9-ft.   sewer   at   a 

:     n   1,000,  or  a  7-ft.  sewer  at  a  grade  of  1  in  280. 

This  may  be  roughly  stated  as  three  of  the  previously  men- 

detritus    chamber   units   per   square   mile   of   tributary 

territc  to  wide  variation,  depending  on 

the  rainfall.  and  the  character  of  the  territory.     A 

approximation  would   place  the  cost  of  construction 

■  trims  plant  at  from  $10,000  to  $12,000  per  square 

mile  of   territory. 

ted  that  b   date  little  has  been  done  In  storm; 
and    thai    the   health   authorities  have  been" 
:m   ii,,.   protection  of  Btreams   from  other 
pollul  may  be  anticipated  when  the  i 

water  discharge  of  cities  will  demand  attention 
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Automatic  Hydro-Electric  Generating 
Stations 

Millions  ol  horsepower  of  hydroelectric  energj  throughoul 
the  country  remain  to  be  developed  3om  ol  this  energ] 
■a  ill  be  obtained  from  large  projects,  bui  Cor  everj  Niagara 
or  Keokuk  there  arc  hundreds  of  possible  >mall  development 
Individually  of  small  consequence,  but  important  in  the  ag- 
However,  tor  a  plain  developing,  say.  300  or  400 
kw..  the  wages  of  even  a  single  attendant  on  each  shift 
to  .:    material  increase   in  the  un  energy, 

and  this  lias,  prior  to  the  development  of  the  semiautomatic 
and    fully    automatic    station,    interfered    seriously    with    the 
ruction  of  such  small  plants.     A  further  disadvantage 
small  manually-operated  station  is  that   the  companies 
ting  such  stations  have  not   felt   justified   in  employing 
skilled  engineers  to  control  and  operate  them.    On  the  othei 
hand,  it  is  economically  feasible  tor  the  control  of  automatic 
ins   to   be   in   skilled    hands.      "Thus."    in    the    words   of 
Charles   P.    Steinmetz,    "the   automatic    hydroelectric    station 
is  not  merely  an  advance  in  economy,   which   makes   the  op- 
eration of  small   stations   possible,   stations   which    were   pre- 
viously below  the  economical  limit,  but  it  is  an  equal  advani  e 
in  the  safety  and  reliability  of  the  operation  of  these  stations, 
and  therewith  of  the  systems  into  which   these  stations  con 
nect." 

An  interesting  account  of  some  California  automatic  sta- 
tions is  given  by  Dorville  Libby,  Jr.,  in  the  January  issue 
of  The  Tech  Kngineering  News,  from  which  the  matter  fol- 
lowing is  taken. 

In  the  development  of  such  stations,  the  remote-controlled 
or  semi-automatic  type  naturally  came  first.  In  this  type 
the  generator  leads  run  to  the  main  station,  where  the  gen- 
erator is  synchronized  by  hand,  whereas  in  the  fully  auto- 
matic station  the  generator  is  automatically  synchronized 
into   the  transmission  net-work. 

Ontario  Power  Co.  Stations. — One  of  the  pioneer  semi- 
automatic stations  is  Ontario  Plant  No.  2  of  the  Ontario 
Power  Co.,  situated  in  San  Antonio  Canyon,  near  Ontario. 
Calif. 

The  profile  of  this  stream  is  composed  mainly  of  rapids 
and  falls,  alternating  with  long  stretches  where  the  fall  is 
relatively  slight,  a  condition  particularly  favorable  to  the 
construction  of  several  plants  supplied  by  short  conduits, 
rather  than  attempting  to  develop  all  the  available  power 
at  one  point.  The  first  development  was  at  Plant  Xo.  1.  a 
manually  operated  station.  Plant  No.  2  i>  situated  about 
3%  miles  upstream  from  Plant  No.  1,  the  attendant  at  Xo.  1 
operating  the  controlling  devices  for  No.  2.  Plant  No.  3, 
downstream  from  Plant  No.  1,  is  now  under  construction  and 
is  to  be  entirely  automatic.  No  storage  is  available  at  either 
of  the  three  plants.  The  capacity  of  each  plant  is  about 
20  second-feet,  the  flow  at  each  plant  being  approximately 
the  same.  This  capacity  is  exceeded  during  flood  periods 
only.  For  five  months  of  the  year  the  stream  flow  may  be 
expected  to  be  20  second-feet.  For  three  months  a  flow  rang- 
ing from  17  down  to  11  second-feet  is  probable,  while  during 
the  low-water  period  of  the  summer  and  early  fall,  the  flow 
is  about  8  second-feet. 

Remote  Controlled  Power  Station.  Tin  water  supply  tOT 
Plant  Xo.  2  is  diverted  from  the  stream,  which  flows  in  two 
branches  at  this  point,  by  two  small  dams.  From  the  point 
of  diversion  it  is  carried  3.280  ft.  in  a  cement  pipe  line,  30 
m.  in  diameter,  and  laid  on  a  grade  of  about  1  ft.  in  400. 
A  tank  10  by  12  by  12  ft.  serves  as  a  forebay.  From  the 
forebay  a  24-in.  riveted  steel  penstock  1,413  ft.  long  delivers 
the  water  to  the  power  house.  The  gross  head  is  approxi- 
mately 310  ft.  and  the  net  effective  head  about  290  ft. 

The  principal  equipment  comprises  a  Pelton  single  over- 
hung impulse  turbine  rated  at  550  HP.  for  a  head  of  290  ft., 
and  a  Westinghouse  500-KVA,  50  cycle  generator,  with  a 
direct-connected  exciter.  Water  is  supplied  through  a  duplex 
nozzle,  and  a  third  nozzle  is  provided  to  use  as  a  bypass  in 
case  the  plant  is  shut  down.  All  three  nozzles  are  operated 
by  electric  motors  provided  with  limit  switches  interlocking 
in  order  to  maintain  fixed  relative  action  between  the  three, 
and  thus  obtain  the  maximum  possible  efficiency  at  all  de- 
grees of  load  and  water  consumption. 


Si il    regulation   because  of   minor   variations   in   load   and 

the  necessity  for  maintaining  a  continuous  stream  flow  is 
provided  for  by  means  of  jet  deflectors.  These  deflectors  di- 
vert any  required  fraction  of  the  water  from  striking  the 
buckets  oi   the  wheel,  ami.  being  actuated  by  the  governoi 

respond   instantly    to   changes   In   speed   of  the   wheel. 

How  the  Semi-Automatic  Plant  Is  Controlled. — Plant  No.  2 
is  controlled  from  Plant  Xo.  1  bj  means  of  a  double  throw 
switch.  When  the  plant  is  operating  on  lull  load,  both  power 
nozzles  are  full  open  and  the  by-pass  nozzle  is  closed.  If  it 
i^  desired  to  reject  all  of  the  load,  the  duplex  switch  in  I'lant 
Xo.  1  is  thrown  to  the  "To  Close"  position,  and  the  first  action 
is  to  close  the  relay,  which  starts  the  closing  of  the  upper 
power  nozzle.  After  a  certain  predetermined  interval  a  contact 
switch  on  the  upper  nozzle  acts  to  close  a  relay,  which  starts 
the  closing  of  the  lower  power  nozzle.  Then  for  a  certain 
interval  both  nozzles  are  closing  together.  On  reaching  a 
certain  point  of  closing,  which  corresponds  to  a  predeter- 
mined minimum  stream  flow,  a  contact  switch  on  the  lower 
nozzle  acts  to  close  a  relay,  which  affects  the  opening  of  the 


Interior    View   of    Semi-Automatic    Station. 

by-pass  nozzle.  Then  for  a  short  interval  both  power  nozzles 
are  closing  and  the  by-pass  nozzle  is  opening. 

The  upper  nozzle,  which  starts  to  close  first,  reaches  the 
full  closed  position  first,  and  its  limit  switch  acts  to  open 
its  closing  relay  to  prevent  jamming  of  the  mechanism.  By 
the  time  the  lower  power  nozzle  reaches  its  full  closed  posi- 
tion the  by-pass  nozzle  is  opened  to  the  predetermined  point 
which  discharges  the  required  flow,  and  the  limit  switch  on 
the  lower  nozzle  acts  to  open  all  relays  and  stop  all  action. 
Water  than  flows  through  the  by-pass  only  and  the  generator 
is  unloaded  and  removed  from  the  line. 

When  it  is  desired  to  put  the  plant  onto  the  line,  the  duplex 
switch  in  Plant  No.  1  is  thrown  to  the  "To  Open"  position 
and  the  sequence  of  operations  is  started,  but  in  the  reverse 
order,   thus: 

1.  By-pass  closes  and  lower  power  nozzle  opens. 

2.  Upper  power  nozzle  opens  with  by-pass  still  closing,  and 
lower  power  nozzle  opening. 

3.  By-pass  nozzle  reaches  full  closed  position  with  both 
power  nozzles  still  opening. 

4.  Lower  power  nozzle  reaches  full  open  position  and  its 
limit  switch  acts  to  stop  all  action,  both  power  nozzles  being 
open  and  the  by-pass  nozzle  closed. 

The  operation  of  the  plant  is  not  limited  only  to  the  full 
on  or  off  positions,  as  any  position  between  may  be  reached 
and  held  by  the  manipulation  of  the  central  switch  in  Plant 
Xo.  1.  This  is  a  necessary  provision  to  permit  the  synchron- 
izing of  Plant  No.  2  with  Plant  No.  1,  and  to  regulate  for 
different    loads    or   stream    flows. 

Synchronizing  is  accomplished  altogether  by  the  remote 
control  of  the  power  nozzles,  the  synchronoscope  and  main 
generator  switch  being  on  the  panel  with  the  nozzle  control 
switch  in  Plant  No.  1.  A  Tirrill  regulator  is  installed  at 
Plant  No.  2  to  effect  voltage  regulation  in  the  normal  way 
through  the  exciter  field. 

Except  during  flood  periods,  all  the  flow  of  the  stream 
passes  through  the  penstock  at  Plant  No.  2.  The  water  con- 
sumption is  governed  by  the  water  level  in  the  forebay, 
whic  his  read  by  the  station  attendant  at  Plant  No.   1   from 
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Pumping  Plants  for   Drainage 
Systems* 

RAIO, 

.  riiin 

Of  the  man)   acres  ol   Bwamp  and  overflowed  lands  in  the 
siai,-s  a  large  percent  Ituated  that   it  can 
entirel)    reclaimed    without    pumping.     This  is  espe- 
cially true  of  the  20,0 '    aore  acres  in  the  .Mississippi 

Galley. 
The  drainage  ol   I  best    la  n  a   dei  elop 

incut  ol   the  last   26  yean        During   tins   period   many    drainage 

districts  have  been  formed  In  the  Mississippi  River  Valley, 
the  first  areas  to  be  reclaimed  being  those  so  situated  that 
all  or  a  part  of  the  drainage  water  would  (low  off  by  gravity. 
Gradually  as  the  land  Increa  ed  In   value  pumping  plants  be- 

in  in  be  installed  more  and  more,  as  a  part  of  the  drainage 
'I  here  exist  tod  a  3   man)   areas  with  no  drainage  and 
others  where  onl)   partial  gravit)  drainage  la  obtained,  where 
eventually  pumping   plan's  will  be  installed. 

only   a    tew,    years   ago   $20   to   $30  an  acre  was  considered 
price  to  pay  for  tb<  ol  agricultural  land.    To- 

ot   Increased    land   value,   many   areas    arc   lieing 
ned  at  a  cost  ol  (60  . i nil  more  an  acre, 
irtunately,   there  tew   reliable  records  con- 

cerning the  capacit)  nd  efficiency  of  drainage  pumping 
plants.  Such  records,  where  found,  usually  extend  back  over 
a  period  of  only  a   tew    yens 

Many  plants  have  been  installed  without  adequate  means 
being  provided  tor  m  .or  those  in  authority  have 

failed  to  realize  thi of  such  tests.     In  many  cases 

no  engineer  is  employed  after  the  construction  period. 

Those  adually    being   remedied   and   during 

the  next  tew  yens  we  will  see  a  very  marked  development 
of  drainage  pumping  in  this  country. 

A  drainage  area  requiring  pumping  is  usually  one  with  the 
ground  level,  so  low  as  to  require  the  raising  of  the  drainage 
waters  over  a  dam  or  embankment  to  a  higher  level.  This 
dam  or  embankment  may  he  part  of  a  levee  system,  con- 
structed to  protect,  lands  from  flood  overflow,  as  is  the  case 
in  most  river  bottom  anas.  or  a  dam  and  pumping  plant 
may  be  placed  in  an  ordinary  drainage  ditch  at  a  point  where, 
because  of  a  very  flat  gradient  or  lack  of  outlet,  it  is  found 
impossible  to  take  care  of  the  drainage  waters  by  ordinary 
ditch    construction. 

Factors  in  Design  of  Pumping  Plant. — The  size  of  pump 
ing  plant  required  lor  any  particular  drainage  area  depends 
upon  a  number  of  varying  conditions,  among  which  are: 

1.  The  size  ami   topograph)    of  the  drainage  area. 

2.  The  amount  and   distribution  of  rainfall. 

3.  The  system  of  ditches  and  drains  used,  and  the  amount 
of   storage   capacity   available    in   ditches  and   reservoirs. 

4.  The  nature  of  0  ad  sub-soil  as  affecting  run-off 
and   seepage. 

5.  The  method  of  operation  of  the  plant  and  the  degree 
of   drainage   required. 

The  first  three  factors  given  above  are,  of  course,  the  most 
important  in  the  design  of  any  drainage  pumping  plant,  but 
all   should    receive   consideration 

For    the    past   20   years,    or    more,    in    Central    Illinois    and 
along    the    .Mississippi    River    pumping    plants    for    removing 
■iter    from    flat   drainage    anas    have    been   designed   for   a 
uin  pumping  capacity  sufficient  to  remove  in  24  hours 
|   in.  in  depth  of  water  over  the  entire  area.     In  Holland  and 
other    European    countries    tor   a    much    longer   period    \4    in. 
or  a  little  more  has  been  used  as  the  maximum  capacity  for 
ige   pumping   plants.     Experience   in   recent   years  has 
aol      lnmii    that    the    run-off    coefficient    of    i,    in.    should    be 
d    as    a    standard    hasis   of   design    under   average   con- 
ditions     Hut    the   engineer   must  be   sure  to  give  due  con- 
Ideratlon  to  all  modifying  conditions  in  each  particular  case. 
All   oilier   conditions   being   equal,   the  small  drainage  area 
ot    only    1,000    or    2.000   acres    will    require    a   slightly    larger 
pumping  plant  in  proportion  to  its  size  than  an  area  several 

linns  as  large.     Where  son I  the  area  is  higher  with  steep 

and    Impervious    soil,    the    runoff    coefficient    for    this 
portion   must   he  made  greater;    in  some  cases  it  will  be  twice 

Cleat 

•Papei     presented    at    the    annual    convent! t    the    National 

held  at   st     Paul,   Minn.  Sept.   22-M. 
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The  amount  of  rainfall  in  Central  Illinois  averages  about 
:'.r,  In.  per  year,  of  this  amount  measurements  have  shown 
that  about  26  to  30  pel   -  in-off.     Rains  of  2 

to  3  in.  in  24  hours  occur  occasionally,  and  rains  of  I  in. 
In  36  i"  -I*  hours  sometimes  occur 

In  many  drainage  areas  consul'  rabl  usts  in  lakes 

and  Blougha  which  it  may  not  be  found  desirable  to  drain. 
This  Btorage  capacity,  In  addition  to  thi  toi  ige  ordinarily 
afforded  bj  the  drainage  ditches,  will  reduce  the  size  of  the 
required  pumping  plant,     if  there  exists  considerable  areas 

01  tiled  land,  additional  storage  will  be  afforded. 

Influence  of  Soil  and  Sub-Soil  on  Runoff.  The  nature  ol 
the  soil  and  sub-soil  of  the  drainagi     u  Bed  on 

the  runoff,  and  when  the  water  on  tb  levees, 

in   the  case  of  a  levee  district,   is  at    a    high   stage,   on   the 

amount  Of  seepage.  If  the  soil  is  a  close,  compact  loiui.i 
'ion.  the  surface   run-off   will   he  heavier   from   a   sudden   rain. 

v  sandy  sub-soil  underlying  a  drain. i.  generally  an 

advantage,  because  the  necessity  of  eon  tructing  tile  drains 
and  many  small  lateral  drainage  ditches  may  hi'  largely 
eliminated,  but  during  high  water  on  the  outside  of  the  levees 
the  effect  may  be  the  opposite,  and  the  amount  "I  pumping 
Increased   by  an   excessive  amount   of  seepage. 

Levees  exceeding  10  ft.  in  height  are  usually  constructed 
with  a  muck  ditch  or  small  ditch  excavation  4  to  S  ft.  in  depth, 
constructed  under  the  base  before  the  levee  is  built,  so  as 
to  bind  in  and  help  consolidate  the  levee  fill  with  the  soil 
formation  underlying  the  base,  and  levees,  when  so  built, 
have  been  found  to  resist  seepage  in  a  marked  degree.  How- 
ever, even  with  a  well-built  levee  and  a  sand  or  gravel  sub- 
soil there  will  be  a  considerable  amount  of  seepage  which 
rises  to  the  surface  of  the  ground  inside  the  levee  or  may 
be  intercepted  by  tile  drain  or  surface  ditches.  Where  such 
tile  drain  or  surface  ditches  exist,  located  parallel  to  and 
adjacent  to  a  levee  so  as  to  cut  off  and  cany  away  the  seep- 
age, the  amount  of  such  seepage  waters  may  be  as  much  as 

2  second  feet  per  mile  of  levee. 

The  Pumping  Plant. — A  pumping  plant  should  be  designed 
to  operate  continuously  if  necessary.  Generally,  during  the 
winter  months  little  pumping  Will  be  necessary,  because  with- 
out growing  crops  little  drainage  will  be  needed,  but  it  will 
be  found  to  be  an  advantage  to  pump  occasionally  through- 
out the  winter  so  as  to  reduce  the  ground  water  level  and 
thereby  secure  an  early  drying  of  the  soil  in  the  spring.  In 
this  manner  the  run-off  from  heavy-  rain  coming  in  the  spring 
will  be  lessened  and  the  size  of  the  pumping  plant  which 
might  otherwise  be  required  may   be  reduced. 

After  the  amount  of  water  to  be  provided  for  in  the  ca- 
pacity of  the  plant  has  been  decided  on,  we  must  next  de- 
termine the  type  of  engine  and  pump  which  should  be  used. 

The  importance  of  a  well  designed  pumping  plant  cannot 
be  overestimated.  Many  pumping  plants  have  been  installed 
in  drainage  districts  along  the  Mississippi  and  Illinois  Rivers 
which  have  been  operating  with  very  poor  economy,  because 
of  poor  design.  In  some  cases  both  pumps  and  engines  have 
been  removed  and  others  installed  once  or  more  in  a  period 
of  10  or  15  years. 

A  well  designed  pumping  plant  does  not  mean  necessarily 
one  having  the  greatest  economy  of  operation.  Usually  from 
60  to  80  per  cent  of  all  pumping  is  done  in  the  four  months. 
March,  April,  May  and  June,  and  during  the  late  summer 
and  fall  months  in  some  localities  no  pumping  at  all  is 
needed.  It  can  readily  be  seen,  therefore,  that  with  the  plant 
idle  a  good  share  of  the  time  it  might  not  be  economical  to 
spend  a  lot  of  money  on  costly  equipment  in  order  to  secure 
economy  of  operation. 

As  a  usual  thing,  in  a  well  designed  pumping  plant  using 
steam,  the  operating  expenses  are  about  half  of  the  total 
cost,  including  the  fixed  charges.  Where  the  operating  ex- 
penses are  much  less  than  half  of  the  total  cost  it  will 
usually  be  found  that  the  total  cost  should  be  reduced  by 
using  less  costly  equipment.  The  item  of  fixed  charges,  in- 
cluding interest,  taxes,  insurance  and  depreciation,  should 
always  be  given  full  consideration  in  arriving  at  the  total 
costs  as   in   any  other  well  designed   plant  installation. 

The  Pumps. — As  pumping  plants  must  be  depended  upon 
to  operate  when  needed,  and  any  delay  may  mean  a  flooding 
of  large  areas  with  resulting  loss  of  crops,  reliability  is  one 
of  the  chief  factors  governing  design.  Or.  as  a  usual  thing, 
it  may  be  said  that  a  type  of  pumping  plant  which  has  proved 
itself  reliable  and  will  require  the  least  annual  cost,  includ- 
ing fixed  charges,  will  be  the  best. 


Several    kinds    of    pumps,    including    scoop    wheels    lor    low 

lifts,    rotary,    plunger    and    centrifugal    pumps, 
drainage  pumping,   but    the  centrifugal  pump  has  come  to  be 
Olzed    as     best     suited     to    conditions    usually    found     in 
drainage   work. 

The  number  and  size  ot  the  units  to  he  \ised  will,  of  course, 
depend  upon  the  capacity  and  the  conditions  of  operation. 
In  order  to  have  .it  least  one  pump  in  reserve  in  case  of 
breakdown  it  is  desirable  t"  have  at  least  two  units,  and 
one  of  these  units  should  have  about  twice  the  capacity  of 
the  other,  for  the  reason  that  the  small  unit  will  operate 
over  longer  periods  with  greater  economy.  This  is  especially 
desirable  where  steam  is  used  as  the  source  of  power,  as 
the  frequent  starting  and  stopping  and  firing  up  of  boilers 
will  necessitate  the  burning  of  much  additional  fuel,  and 
shorten  the  life  of  the  boilers.  Where  three  or  more  units 
are  used  they  should  be  of  equal  size.  The  total  capacity  of 
the  pumps  should  be  sufficient  to  pump  the  maximum  quantity 
of  water  against  a  static  head  about  3  or  4  ft.  below  the 
maximum   expected. 

In  order  to  determine  the  actual  or  hydraulic  head  on  the 
pump,  we  must  add  to  the  static  head  an  amount  which 
should  not  exceed  ::  ft.  ju  a  well  designed  pumping  plant. 
This  additional  head,  called  the  friction  head,  is  due  to  the 
friction  in  suction  and  discharge  pipes,  the  velocity  head  and 
the  losses  at  the  entrance  and  outlet  of  these  pipes. 

In  many  poorly  designed  plants  not  enough  attention  has 
been  paid  to  eliminating  the  losses  in  the  suction  and  dis- 
charge pipes.  The  entrance  to  the  suction  pipe  should  be 
expanded  so  as  to  reduce  the  velocity  to  not  more  than  3 
ft.  per  second;    2  ft.  per  second  is  better. 

The  centrifugal  pump  operates  efficiently  only  when  run- 
ning at  or  near  the  speed  which  is  suitable  for  each  particular 
head.  Therefore,  where  the  total  head  is  variable,  as  in  most 
drainage  pumping,  it  is  desirable  to  have  some  method  of 
regulating  the  speed.  This  is  accomplished  in  the  case  of 
the  steam  engine  by  regulating  the  speed  of  the  engine  and 
in  the  case  of  the  constant  speed  induction  motor  by  belt 
connecting  to  the  pump  and  using  two  or  more  sets  of 
pulleys  so  as  to  secure  the  desirable  speed.  This  latter 
method  is  cumbersome  and  undesirable  and  there  is  the 
further  objection  of  loss  of  power  with  the  belt  drive. 

With  a  pump  properly  designed  it  may  be  found  that  the 
source  of  power  can  be  direct  connected  to  the  pump  and 
any  loss  in  efficiency  in  the  pump  due  to  the  operation  at 
constant  speed  will  be  offset  by  the  elimination  of  the  power 
loss  with  the  belt  drive.  With  variable  speed  drive  or  with 
the  steam  engine  or  internal  combustion  engine  direct  con- 
nected, it  may  be  found  that  there  will  be  losses  in  the 
engine  itself,  due  to  operation  at  less  or  more  than  rated 
speed,  which  will  make  changes  of  speed  inadvisable.  It  is 
necessary,  therefore,  that  the  engineer,  before  designing  a 
pumping  plant,  should  make  a  thorough  study  of  all  data 
concerning  the  equipment  he  proposes  to  use,  and  if  pos- 
sible he  should  examine  other  plants  where  reliable  tests 
have  been  made. 

Pump  manufacturers  will  usually  furnish  characteristic- 
curves  showing  capacity,  brake  horse  power  and  guaranteed 
efficiency  at  various  speeds.  Curves  should  be  drawn  or 
computations  made  showing  complete  operating  conditions, 
including  the  total  quantity  of  water  and  the  total  number 
of  horse  power  hours  for  various  heads  over  a  typical  oper- 
ating period  of  one  year.  These  curves  or  computations 
should  be  compared  with  the  characteristic  curves  of  the 
pump  to  see  that  the  pump  has  sufficient  capacity  and  is  so 
designed  as  to  have  a  good  efficiency  while  pumping  the 
greatest  quantity  of  water.  From  these  data  also  the  maxi- 
mum horse  power  of  the  prime  mover  and  amount  and  dis- 
tribution of  the  fuel  consumption  can  readily  be  determined. 

In  the  case  of  variable  speed  drive  a  proposed  operating 
chart  should  be  made  up,  showing  the  proper  speed  and 
other  operating  conditions  which  should  be  used  to  secure 
greatest  economy.  The  chart,  of  course,  will  be  modified 
as  found  necessary  by  tests  of  the  plant  after  construction. 

Prime  Movers  for  Drainage  Pumping. — Steam  engines,  elec- 
tric motors  and  internal  combustion  engines  are  all  used 
as  prime  movers  for  drainage  pumping.  Which  should  be 
used,  in  any  locality,  depends  upon  the  size  of  the  plant,  its 
method  of  operation,  the  cost  of  fuel  delivered,  and  the 
availability  of  competent  labor. 

In  locations  where  soft  coal  can  be  obtained  cheaply,  steam 
may  be  an  economical  source  of  power.     In  large  units  one 
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and  although  very  economical  in  fuel  consumption,  its 
pumping    is    practically    limited    to    large 
points. 

The  semi-Diesel  or  low  compression  engine  offers  better 
possibilities.  I  believe,  for  the  small  plant  This  engine  will 
develop  a  brake  hi  our  on  about  0.7  pint  of  fuel 

compared  with   about   0.6   pint   for  the  Diesel  engine. 
At  pr>  oil  ol  the  grade  required  for  these  engines 
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tion has  removed  the  gasoline,  kerosene  and  light  distillates 
from  crude  oil  and  varies   in  gravity   from  20  to  32°   Baume. 
ii  price,  the  lighter  oils  costing  more,  it  is  very 
important   to   be  sure   that   the   engine   will   run   successfully 
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and  pn  BCtrlc  current   al  a  cost.  Including  all  fixed 

Charges,   of   2    to   2V4    Ct.    per    kilowatt    bom 

in  conclusion,  with  reference  to  the  use  of  the  Diesel  or 
Beml-Diesel  engine  foi  drainage  pumping  plants,  1  will  say 
that  tie    development   ol   this  form  of  prime  mover  I  n 

tioliarv     engines    ha       QOl  i  ached     a     stage    where     their 

!><■  recommended  without  verj  careful  Investigation  of 

plants  now  in  operation,  bill   1  recommend  that  every  en 
before  designing  a  pumping   plant,   investigate  carefully   the 
possibilities  of  tins  type  of  prliw    i 

No  Unsolvable  Technical  Difficulties  in  Providing 
Coal  Storage  Reservoirs 

anlcaJ  difficulties   in   the 

waj    of   the   plan   recently   suggested    by    President    Ha 

to    the    American    .Minim     I  tvherebj     the    production 

I  might  be  made  i  n    and  •     iditions  of  un- 
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ly  obviated  in  the  mining   industry  by  the  provision  of 

e  reservoirs  in  which  coal  could   be  stored   in  quantity 

by    large   consumers  and    producers,   is  declared   by    Dr.    H 

Uain.  director  ol  the  Bureau  Of  Mines.  Careful 
analysis  may  show  an  extremely  slight  loss  in  the  heating 
value   of  most   bltumlnou  •  r    storage   for   a   o 

period,  says  Dr.  Bain  This  loss,  however,  is  very 
much  smaller  than  is  comi  lonlj  Bupposed  bj  the  public, 
and  in  burning  the  coal  little  or  no  difference  can  be  dis 
tinguished.  Certain  coal  bavi  an  extri  market  value  when 
carefully   sized;    handling  Is    in  and   out    of   Btorage 

causes   some   breakage   and    may    Lower    Blightlj    the    market 
value    of    particular    coals,     but     this    loss    in    value    relates 
largely  to  the  availabilitj   ol   the  coal  ior  certain  classi 
equipment    and    for   certain    uses,    rather    than    to    its   actual 
heating  value. 

Spontaneous  combustion  in  coal,  the  most  troublesome 
factor  in  handling  large  Btorage  piles,  can  be  prevented,  if 
proper  methods  of  Btorage   and   supervision   are  adopted. 

"The  adoption  of  a  general  policy  which  would  provide 
reservoirs  of  bituminous  coal  to  I"  drawn  upon  in  ti: 
great  demand  or  of  low  production  is  entirelj  a  commercial 
question,"  continues  Dr.  Bain.  "If  the  producer,  or  the 
dealer,  or  the  large  consumer,  could  produce  or  buy  coal  in 
the  spring  or  summer  for  a  price  low  enough  lo  justify  the 
cost  of  putting  coal  in  storage  and  iis  rehandling.  minus  a 
fair  insurance  rate  that  he  would  be  guaranteed  a  contin- 
uous supply  in  time  of  need,  storage  would  become  common." 

"This  lower  seasonal  price  of  coal  could  be  brought  about 
by  concessions  on  the  part  of  the  miner,  the  mine  operator. 
and  the  railroads.  For  the  sake  of  obtaining  more  regular 
employment,  the  miner  might  accept  a  lower  wage  or  ratl- 
in certain  seasons  of  the  year,  although  this  is  doubtful: 
but  the  mine  operator  might  accept  less  profit  during  the 
same  periods  in  order  to  keep  up  his  production.  Steady  and 
regular  mine  operation  at  i  ipacity  production  always  means 
lower  production  costs,  as  compared  with  intermittent  oper- 
ation and  lessened  production.  Overhead  expenses — taxes, 
interest,  management,  together  with  the  expense  of  keeping 
the  mine  in  proper  working  condition — all  go  on.  whether 
production  is  light,  heavy,  or  has  entirely  stopped.  The 
railroads  could  assist  by  accepting  a  lower  freight  rate  on 
coal   moved   in  the  spring  and   summer. 

"The   small    individual    consumer,   especially    in    the   cities. 
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Purification  of   Soft  Colored  Waters 

Kiiinneers  engaged   in   water  Bupply    ivork  are   in   substan- 
tial agreement  that  a  drinking  water,  critical  mod- 
ern   consumers,   should   have   an   average   color   oi   not  more 
than  10  parts  per  million  on  the  platinum  scale,  and  its  max- 
imum color  should  not  exceed  15  parts     Supplies  from  ground 
sources   and    from   many   lakes   and    ponds   conform    to   this 
standard,  but  most  of  the  clearer  surfai  e  waters  pos- 
brownish  coloration,  well  above  the  limit  of  15  demanded  by 
the   modern   consumer.     In   Massachusetts:,  according   to   Un- 
reports of  the  State  Department  of  Health,  practically  all  the 
-water  supplies  which  are  free  from  iron,  have  colors 
og  10,  while  of  86  surface  supplies,  50  or  58  per 
have   average   colors   in   excess    of    this    standard.     An 
-ting  outline  of  what  is  being  done  towards  the  better- 
ment of  these  colored  supplies  was   given   by   Robert   Spurr 
n.  Consulting  Engineer.  Boston.  Mass..  in  a  paper  pre- 
17  in  the  American  Society  of  Civil  Engineers' 
Symposium   on   Water   Supply   and   Water    Purification.     An 
abstract  of  the  paper  follows: 

Decolonization  by  Storage. — Storage  for  months  or  years  in 
good  reservoirs  effects  a  decolorization  of  water.  In  this. 
iron  plays  an  important  part  in  flocculating  minute  particles 
of  suspended  matter  which  constitute  what  is  called  color. 
\  examples  of  this  were  given  by  Ralph  H.  Stearns, 
which  show  reductions  of  from  4  to  69  per  cent  through  stor- 
age. It  is  most  often  impracticable  to  store  waters  long 
enough  to  decolorize  them  sufficiently  to  compare  them,  with 
a  reasonable  degree  of  favor,  with  filtered  water  and  the 
average  ground  water,  and,  for  this  reason,  as  well  as  further 
to  safeguard  the  public  health,  many  stored  colored  waters 
are  filtered.  This  practice  is  usual  abroad,  and  is  coming 
into  increasing  favor  here,  as  evidenced  by  the  new  purifi- 
cation plant  at  Hartford.  Conn.,  and  the  plans  for  the  addi- 
tional supplies  for  New  York  City,  and  Providence.  R.  I. 
The  first  large  filters  were  built  at  Cleveland,  O.,  and  Somer- 
ville.  N.  J.,  and  the  second  one  at  Washington,  D.  C.  The 
filters  at  Hartford  are  of  the  slow  type,  and  although  the 
color  of  the  effluent  will  probably  not  average  as  low  as  10 
parts  per  million,  a  supply  of  reasonably  good  appearance 
:red  by  this  method.  Of  course,  color  removal  by  slow 
filters  has  been  the  subject  of  many  discussions,  and  the 
statements  made  have  rarely  taken  into  account  the  physical 
and  chemical  nature  of  color. 

Removal  of  Color  by  Filtration. — Most  of 'the  color  in  water 
is  in  the  form  of  a  colloidal  suspension,  that  is,  the  particles 
are  so  fine  and  so  dispersed  in  water  that  they  remain  in 
suspension  and  act  like  true  solutions,  except  that  the  Tyn- 
dall  ray  and  the  ultra-miscroscope  reveal  them.  These  col- 
loidal particles  are  not  all  alike.  They  possess  electrical 
properties,  and  when  electrolyzed  some  of  the  particles  will 
migrate  to  the  positive,  some  to  the  negative  pole.  A  small 
part  of  the  color  is  apparently  in  true  solution  and  is  not 
affected  by  the  electric  current.  It  is  reasonable  to  believe 
that  colored  water  from  a  large  lake  or  reservoir  will  contain 
finer  particles  of  color  than  a  river  water.  This  belief  is 
supported  by  the  higher  color  removal  by  sand  filters  sup- 
plied by  river  than  by  reservoir  waters.  A  slow  sand  filter 
will  remove  one-third  of  the  color,  but  when  treating  certain 
river  waters  such  filters  may  remove  more  than  one-half 
the  color,  although  they  are  usually  unable  to  remove  more 
than  one-fifth  of  the  color  from  a  stored  water. 

There  are  waters,  therefore,  which  require  chemical  treat- 
ment prior  to  filtration.  In  nearly  all  such  cases,  sulphate 
of  alumina  with  or  without  an  alkali  has  been  used.  The 
dosing  has  been  based  on  the  appearance  and  alkalinity  of 
the  water,  and  the  results,  especially  in  small  plants  operat- 
ing without  laboratory  control,  leave  much  to  be  desired. 
Recently.  George  C.  Whipple,  has  stated: 

"The  use  of  alum  with  short  periods  of  coagulation  and 
mechanical  filtration  of  the  ordinary  type  is,  in  my  opinion, 
inappropriate  to  a  soft  colored  Massachusetts  surface  water. 
*  *  *  *  The  corrosion  problem  in  our  State  is  serious 
and  must  not  be  made  more  so  by  inappropriate  chemical 
treatment." 

The  mechanical  filter,  per  se.  is  an  efficient  device,  and 
the  remedy  lies  in  better  chemical  treatment.  If  the  waters 
could  be  treated  more  scientifically,  the  period  of  coagula- 
tion might  be  reduced  and  the  rate  of  filtration  increased. 
Better  treatment,  however,  must  await  the  application  of 
modern  chemical  and  physical  theories  to  practice,  and  this 


will   require  much   investigation  and   many   trials  befo: 
rules  can  be  written  lor  the  non-technical  operator. 

Chemical    Treatment    and    Decolorization.— At    the    pi 
time,    sulphate   of   alumina    is    added    until   coagulation    takes 

and,  in  most  is  added  to  maintain  ao 

Unity  of  at  least  7  parts  per  million  in  the  red  to 

the  mains.  Frequently,  this  method  fails.  At  some  places, 
such  as  Warren,  R.  I.,  soda  cannot  be  used  at  certain  times 
of  the  year,  and  the  alkalinity  is  maintained  by  the  addition 
of  calcium  carbonate  in  the  form  of  powdered  chalk.  If 
sulphate  of  alumina  is  added  to  excess,  better  decolorization 
will  be  obtained,  but  the  treated  water  will  corrode  the  dis- 
tribution system.  In  the  one  case,  the  soda  has  been  added 
to  the  filtered  water.  At  Wilmington,  X.  C.  the  wa1 
first  overdosed  with  alum,  and  after  it  has  passed  through  the 
coagulating  basin,  it  is  dosed  with  enough  soda  or  lime  to 
insure  a  final  alkalinity  of  10.  In  these  cases,  both  the  opti- 
mum decolorization  by  sulphate  of  alumina  and  the  inhibition 
of  corrosive  action  is  attained.  At  Exeter.  X.  H..  it  was 
impossible,  even  by  adding  sulphate  of  alumina  to  excess,  to 
reduce  the  average  color  much  below  20  parts  per  million. 
Apparently,  the  water  contained  a  large  quantity  of  posi- 
tively charged  coloring  matter  which  was  not  affected  by 
aluminum  hydrate  having  the  same  charge.  By  pre-treating 
the  water  with  0.5  parts  of  chlorine  per  million,  a  condition 
was  brought  about  under  which  treatment  with  a  small  dose 
of  sulphate  of  alumina  easily  reduces  the  color  below  10  parts 
per  million. 

Ordinarily,  one  believes  that  if  an  equivalent  quantity  of 
soda  is  added  to  a  unit  dose  of  sulphate  of  alumina,  aluminum 
hydrate  will  be  produced.  Try  this  in  some  cases  in  prac- 
tice, and  what  results — a  resolution  of  the  color.  In  some 
cases  reduce  the  equivalent  dose  of  soda  to,  say,  one-half, 
and  a  good  decolorization  may  result.  These  facts  are  known, 
but  the  principles  on  which  they  are  based  are  not  yet  clear. 

The  Problem  of  After-Precipitation. — In  at  least  four  rapid 
filter  plants  supplying  Xew  England  towns,  some  of  the 
aluminum  hydrate  passes  the  filters  in  a  colloidal  form  to 
coagulate  later  in  the  distribution  system.  This  was  the 
chief  of  the  many  objections  which  the  late  Hiram  F.  Mills 
raised  against  alum  treatment.  This  fault  is  noticed  even  at 
plants  with  coagulating  basins  of  relatively  large  capacities, 
although  not  so  frequently  as  at  plants  where  the  chemicals 
are  applied  directly  to  the  influents  of  pressure  filters.  The 
trouble  occurs  most  frequently  in  cold  weather  when  all 
chemical   reactions    are    retarded. 

From  what  has  been  said,  it  is  obvious  that  water  purifi- 
cation experts  are  trying  to  solve  what  is,  perhaps,  the  most 
difficult  water  purification  problem,  without  a  knowledge  of 
the  factors  which  enter  into  it.  and  until  they  can  elucidate 
these  factors,  the  demonstration  of  the  theories  is  impossible. 

For  guides,  engineers  have  depended  largely  on  the  color 
and  alkalinity  determinations.  What  do  these  mean?  Simply 
a  measure  of  the  intensity  of  the  one  and  the  combining  power 
of  the  other.  Xo  regular  determinations  record  the  nature 
of  the  color,  and  although  the  brown  of  one  water  may  ap- 
pear to  be  similar  to  the  brown  of  another,  it  is  no  sign  that 
they  will  respond  to  the  same  treatment.  Thorndike  Saville 
showed  how  varied  were  the  components  of  color  in  water. 
His  experiments  demonstrated  the  ultra-microscopic  charac- 
ter of  the  "suspensoids"  and  "emulsoids,"  to  use  the  modern 
terms,  which  make  up  the  bulk  of  color  in  water,  and  that 
these  carry  electrostatic  charges,  positive  or  negative,  de- 
pending on.  and  varying  with,  the  water.  Usually,  the  color 
particles  have  a  negative  charge. 

It  is  obvious  that  the  difficulty  of  finding  the  charge  of  the 
color  particles  and  the  necessary  treatment  is  not  much  fa- 
cilitated by  the  ordinary  water  analysis.  In  practice,  it  is 
assumed  that  the  color  carries  a  negative  charge,  and  alumi- 
num hydrate  is  used  with  its  positive  charge,  to  neutralize 
and  coagulate  it.  This  treatment  does  not  dispose  of  the 
positively  charged  color  particles,  except  that  these  may  be 
removed  by  the  absorptive  action  of  the  precipitate  produced 
by  the  negatively  charged  particles  and  the  hydrate.  Special 
treatment  for  these  positively  charged  particles  is  necessary, 
and  the  substances  added  must  not  neutralize  the  effect  of 
the  positive  aluminum  hydrate.  The  good  effect  of  chlorine 
at  Exeter,  and  of  carbon  dioxide  in  the  experiment  of  M.  C. 
Whipple  in  increasing  the  electro-negative  character  of  the 
color  and.  consequently,  the  decolorizing  power  of  a  given 
dose  of  sulphate  of  alumina,  leads  one  to  hope  that  methods 
for  determining   the  electrostatic   charges   of  color  particles 
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will  come  Into  more  common  use  and  their  results  will   In- 
more   rational   treatment    Hum    thai    commonl] 
at  the  present  time. 

The  alkalinity  determination  Bimpl]  expresses  the  quantity 
of  sulphuric  acid  in  terms  of  calcium  carbonate  required  to 
neuti  ■•  i      ii  does  llttl<   el  •      Practically  all  the 

ipplled   to  towns  are  alkaline.      yet,   how    ilil 

arc  the  treatments  required   bj    waters  ot  about   the 

same  alkalinity  and  color     An  equivaleni  urn  by- 

ombinlng   power  as   an   equivalent   e>r 

The    former    is   called    a    weak,    the    latter   a 

strong,    alkali,    and    these    adji 

termlning  the  hydrogen  Ion  concent  differ 

i  an   be  measured.     This  determination  is 

Coming   Into  use;    it   has  already   been   made   pari    of   the   dallj 

routine   at    Baltimore,    Md  .   and    other    p  Apparently, 

there    is    an    optimum    hydrogen    Ion    concentration    for    each 
where  coagulation  is  most  nearl]   complete     H  is  not 
far  from  PH  =  7.0.    The  hydrogen   Ion  determination   is  not 
difficult,  and  the  speaker  believes  that  it  maj  show  wha 

ditlons    of    the    dissolved    salts    In    water,    iliat    is.    the    el.ilro 

lytes,    are    most    favorable    tor    Oocculation    of   the    colloidal 

probably   In    many  cases   bj    suggesting   treatment    with 
other   chemicals   as   well   as   with   sulphate   of  alumina. 

The   problem,   therefore,   is   to  substitute  a   specific   for   a 

panacea   treatment   by   a   mole   Bl  curate   analysis  of  color  and 

a  more  proper  dosage  with  chemicals,  also  by  the  creation  of 

the  most  favorable  condition  in  the  solution— the  Water  lor 
the  dOCCUlation  and  precipitation  of  the  neutralized  colloidal 
color.    This  aker  believes 

it  will  be  worked  out   t.  ctory  solution   in   practice. 

Indeed,  the  collection  and  stun  electro- 

chemical data  should  explain  the  successes  and  failures  in 
practice,  and  should  help  to  rationalize  the  treatment  of 
colored  waters.  On  the  practical  side  is  the  lure  of  a  greatly 
reduced  cost  for  chemicals,  which  should  stimulate  research 
in  this   important   I 


Recent  Developments  in  Water 
Filtration* 

By  ALLEN  HAZEN, 
Consulting  Engineer.  New  Tori 
A    Dutch    author    recently    classified    all    waters    in    public 
water  supplies   in  two  Classes,  namely,  aggressive  and  quiet. 
He   defined   aggressive    waters    as    ihose    having   a   tendency 
to    attack    and    corrode    the    iron    pipes    through    which    they 
flow  and  other  metal   fixtures   with   which   they  come   in  con- 
tact.   I  do  not  have  this  tendency  to  attack  metals. 
r  is  very  troublesome  in  a  distribution  sys 
treatment  of  water  so  as  to  purify  it   adequately 
without    making    it    aggressive    is    one    of    the    most    difficult 
me  at  present.    Water  leaving  I  b    of  good 
!   bacterial  test,  be  free  from  turbidity  and 
:njurious    eli                                            npear   to   be    in    all 
able  fur  public  water  supply,  but  if  it  is  aggres- 
will  not  be  satisfactory  to  thi                     ,n   aggressive 
w-ater                       tuberculate                      reduces  their  carry- 
ind  will  ultimate  i                    ii  in     in  doing  this. 

the    lion    oi  taken    up,    and    it 

iron  which  makes  tin-  water  objectionable.    The  iron 

i  ion     in    Hie    water. 

and   tie-   Hoc  formed   in   ■  the  ve- 

i  deposit    is    a    dirty    mud    which 

thi   bottom  ot  the  pip'     until  the  flo\i  is  increased 

B  it      It   then   moves  forward   with  the  flow 

r  dirty  and  disagreeable,  giving  just  cause 

plaint 

There    Is    another    condition    similar    to    this,    which 

utii  it     Wat.-r  which  has  received  'hen, 

"all. .11,    fro. pi. -nth     paSSei     Hie    filter 

Me-  chemical  reactions  are  altogether  complete.    Such 
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water  leaving  Hie  filter  contains  a  small  quantity  of  coagulant 
whnb    separates    in    the    pipes    :in.i    produces    the    same   condi- 
tions as  those   produced   bv   the   iron   taken   up  from   the  pipes, 
blj     tins    condition    of    incomplete    chemical    reaction    at 

the  time  oi  filtration  is  found  mainly  with  aggressive  waters 
\t  any  rate,  the  two  conditions  produce  similar  results  and 
frequentl]  they  are  round  together,  in  which  case,  the  re- 
sulting conditions  are  mui  than  they  would  be  other- 

w  ise. 

The  question  of  whj   some   waters  are  aggressive  and  others 

cpiiet    is   presented      Twenty    \.ars   ago,   chemists   would    have 
that    it   was,   Brst,  ttter  of  alkalinity,  and   carbonic 

acid  would  have  been  mentioned  as  a  second  important  con- 
tributing   factor.      Alkaliinl\     and    carbonic    acid    really    have 

something  to  do  with  aggre  Ive  qualities,  but  all  the  condi- 
tions cannot  be  accounted  for  by  them,  other  explanations 
must  be  found.  Recently,  new  methods  of  testing  have  been 
originated.  The  them >  ol  "ions"  has  boon  developed,  and 
it  is  thought  bj  some,  who  bave  been  studying  the  matter 
that  a  connection  between  the  "ions"  and  the  aggressive  qual- 
"i  waters  can  be  trai  d  Tests  based  on  these-  new  Ideas 
have  been  devisd,  and  bave  been  applied  for  the  first  time 
quite  recently,  and  at  pre  ent  there  seems  to  be  some  hope 
of  a  method  of  ascertaining  more  definitely  when  water  will 
I'.-  quiet  and  when  it  will  be  aggressive.  Knowledge  comes 
first,  and  when  engineers  understand  better  why  waters  are 
Ive    o       in   i  Dnd  methods  of  treating  them 

so  as  to  keep  them 

At  present,  a  great  deal  is  known  in  a  practical  way  as  to 
which  waters  are  aggressive  and  give  trouble  because  of  their 
aggressiveness.  The  watei  of  the  Great  Lakes  are  almost 
always  quiet  and  can  be  filtered  and  purified  in  a  manner 
to  keep  them  so.  In  the  Mississippi  Valley,  from  the  Alle- 
ghanies  to  the  Rockli  ■  .-   waters   used   for  public. 

water  supply  are  generally  hard,  and  can  be  handled,  by 
carefully  managed  treatments.  SO  that  the  resulting  products 
will  be  reasonably  quiet.  Thus,  through  all  that  broad  ex- 
panse of  country  the  problem  of  aggressive  waters  is  much 
less  important  and  difficult. 

Soft  waters  are  frequent  nearer  tin-  ...  I  both  Bast  and 
West,  and  they  often  carry  organic  matters  of  vegetable 
origin.  These  waters  are  much  more  apt  to  be  aggressive, 
and  it  is  with  them  that  the  greatest  practical  difficulties  have 
been  met.  Experience  shows  that  it  is  difficult  to  treat 
some  of  these  waters  by  methods  otherwise  effective,  which 
will  clear  them  up  and  make  them  satisfactory  for  public 
water  supplies,  and  which  will  leave  them  quiet.  Many  of 
ihose  waters  require  chemical  treatment,  and  no  other  means 
of  adequately  purifying  them  has  been  found,  but  in  some 
way  this  chemical  treatment  stirs  up  the  sleeping  ingredients 
of  the  water  and  makes  them  aggressive. 

Decolorizing  yellow  swamp  waters  by  means  of  chemicals 
seems  particularly  difficult  of  accomplishment  without  bring- 
ing out  the  aggressive  qualities.  The  question  of  color  is 
mainly  one  of  esthetics,  and  it  may  fairly  be  asked  whether 
i he  increase  in  aggressive  qualities  in  decolorizing  water 
does  not  largely  or  entirely  offset  the  advantage  gained,  and 
whether  ii  would  not  be  wiser  in  some  cases  to  get  along  with 
less  decolorization 

'file  chemical  treatment  of  water  introduced  many  years 
ago  had  numerous  advantages  and  came  to  be  widely  used. 
.Many    waters,    however,    can    be    treated    with    entire    success 

without  chemical  treatment  rhis  depends  on  the  character 
of  Hie  water,  and  on  what  is  lo  he  removed  from  it.  Chem 
ical  treatments  may  have  been  used  in  some  cases  where  it 
would  have  been  better  to  have  avoided  I  hem.  Decision  to 
use  them  ma}   have  rested  cm  consideration  ol  all  the  other 

factors   In   the  case.     VThen    the   develo] ml    of  aggressive 

qualities  is  also  taken  Into  account,  perhaps,  In  some  cases, 
the  decision  would  have  been  better  made  the  other  way. 

it   may  he  mentioned  that  one  Industrial  establishment   is 

now   constructing  a  plant   for  purification  of  water  without  the 

u  .    oi   chemical       Formerly,  chemically  treated  water  was 
ii   •  id,    and   experience-   with    it    has    indicated   the  difficulty  of 
aing  water  sufficiently  quiet  bo  that  it  would  not  damage 
the  delicate  products  of  this  particular  establishment. 

The  question  of  arranging  all  the  treatments  of  public  water 
applies  so  as  to  keep  them  always  c|niet   is  one  of  the  most 
Interesting   and    important    aspects    of    water    purification    at 
the  present  time 
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A  New  Development  in  Surface  Condensers 

Surface  condensers  are  usually  Installed  where  the  water 
available  is  unsuitable  or  unsafe  for  boiler  feed  and.  while 
groat  benefits  are  secured  for  the  boiler,  the  tube  troubles 
are  transferred  to  the  condenser.  These  trouble  are  o 
kinds:  corrosion  requiring  continuous  attention  to  leaky 
tubes  which  pollute  the  condensate  and  finally  necessitate 
the  expense  of  tube  renewals,  and  secondly,  fouling  of  tubes 
by  Bcale  or  slime  which  causes  reduction  in  the  average  op- 
orating  vacuum.  Particular  advantages  in  reducing  and  elim- 
inating these  tube  evils  are  claimed  for  the  new  Ingersoll- 
Rand  line  of  condensers.  The  improvements  in  design  may 
be  briefly  summed  UP  as  elimination  ol  waste  tubes,  main- 
tenance of  uniformly  high  condensate  temperature,  counter- 

Sfeairr  Inlet 


in  place  of  secondary  jets.  It  may  Ijo  selected  of  a  size  to 
serve  several  condensers,  each  being  fitted  with  both  pri- 
mary and  secondary  jets,  the  secondaries  serving  as  stand- 
bys.  A  better  plant  heat  balance  is  often  secured  by  driving 
this  pump  with  an  electric  motor. 


Hydrogen-Ion  Concentration  as  a  Means  for  Pre- 
venting Corrosion 

The  laboratory  at  the  Montebello  Filters  of  the  Water  De- 
partment of  Baltimore.  Md.,  was  one  of  the  first  to  use  hydro- 
gen ion  in  plant  control,  and  it  is  now  one  of  the  most  im- 
portant tests.  The  water  at  Baltimore  is  comparatively  soft, 
the  alkalinity  being  about  40  and  the  total  hardness  about 
50.  It  Is  corrosive  before  treatment,  and  after  the  applica- 
tion of  alum,  unless  neutralized  by  an  alkali,  it  is  so  corrosive 
thai  when  it  reaches  the  consumer  ii  may  look  about  as  tur- 
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current   air   cooling,   and   last,   but   of   great    importance,   the 
retardation   of   fouling   and   corrosion. 

The  fundamental  characteristic  of  the  design  is  the  elimi- 
nation of  waste  tubes.  This  is  secured  by  arranging  the 
tubes  in  "stages,"  by  correct  shell  shape,  and  by  the  use 
of  a  separate  devaporizer — cooler.  The  tubes,  spaced  on 
wide  centers  in  the  top  of  the  shell,  are  brought  closer  to- 
gether in  each  lower  bank  or  stage.  The  shell  itself  is  grad- 
ually narrowed  from  its  width  at  the  top  to  that  of  a  nozzle 
running  the  length  of  the  shell  under  the  last  row  of  tubes, 
giving  it  the  characteristic  heart-shaped  section.  Sufficiently 
high  steam  velocities  to  sweep  condensate  and  air  films 
from  the  tubes  are  maintained  throughout  the  condenser,  by 
this  construction  which  compensates  for  the  decreased  volume 
of  the  steam  as  it  is  condensed  in  its  passage  down  over  the 
tubes.  The  residual  air  and  steam  from  the  last  row  of 
tubes  is  drawn  up  into  the  cooler  which  is  mounted  on  the 
side  of  the  shell  proper  and  fitted  with  cast  iron  cooling 
grids  whose  surfaces  are  particularly  adapted  to  devaporize 
and  cool  the  air  before  it  passes  to  the  vacuum  pump.  The 
withdrawal  of  the  non-condensibles  at  the  bottom  of  the  shell 
and  the  use  of  a  multi  stage  tube  arrangement  and  correct 
shell  shape  insures  an  active  flow  of  steam  over  every  tube 
and  precludes  the  possibility  of  pocketing  and  stagnation. 

The  condensers  are  furnished  with  high  vacuum  reciprocat- 
ing or  steam  jet  vacuum  pumps.  When  the  latter  are  used 
the  primary  jets  are  mounted  on  the  air  cooler  and  discharge 
into  an  intercondenser  forming  part  of  the  cooler  proper. 
The  complete  compression  is  accomplished  in  two  stages, 
secondary  ejectors  being  used  to  remove  the  air  from  the 
intercondenser  under  reduced  vacuum  and  discharge  it  to 
atmosphere.  To  operate  efficiently  the  steam  jet  used  in 
an  ejector  must  expose  a  large  surface  to  the  incoming  air, 
since  compression  is  only  secured  through  entrainment. 
In  the  I-R  ejector  this  requirement  is  fulfilled  by  projecting 
the  steam  in  the  form  of  a  hollow  cylinder  and  entrainment 
is  accomplished  by  both  the  inner  and  the  outer  surface. 
In  many  cases  a  small   reciprocating  vacuum   pump  is  used 


bid  as  it  did  before  filtration,  due  to  corrosion  of  the  pipes. 
It  is  necessary,  therefore,  to  reduce  its  corrosive  qualities, 
which  is  done  by  adding  lime  near  the  outlet  of  the  mixing 
basin. 

In  a  discussion  in  the  recent  symposium  of  the  American 
Society  of  Civil  Engineers  on  Water  Supply  and  Water  Puri- 
fication, Mr.  John  R.  Baylis  stated  that  it  is  possible  to  pre- 
vent corrosion  almost  entirely  by  adjusting  chemical  treat- 
ment to  the  proper  hydrogren-ion  concentration.  With  soft 
waters  this  may  mean  a  PH  value  of  nearly  9.0  and  with 
hard  waters  the  value  may  be  as  low  as  7.0,  or  even  less, 
without  producing  corrosion.  For  most  waters,  in  adjusting 
the  hydrogen-ion  concentration  when  alum  is  used,  the  alkali 
should  be  added  after  filtration.  Preparations  are  now  being 
made  at  Baltimore  to  add  the  lime  after  filtration.  The  water 
before  treatment  has  a  PH  value  of  about  7.0,  which  is  re- 
duced to  about  6.5,  or  less,  by  the  addition  of  alum,  and  it 
is  later  adjusted  to  about  8.4  or  8.6  by  the  addition  of  lime. 
There  seems  to  be  nearly  complete  precipitation  of  the  alum 
if  the  PH  value  is  not  below  6.5,  but  beyond  that  it  may  not 
be  complete.  On  account  of  the  low  alkalinity  in  some 
waters,  it  may  be  necessary  to  add  some  of  the  alkali  before 
the  alum,  but  only  enough  should  be  added  to  produce  a  PH 
value  of  about  6.5  after  application  of  the  alum,  and  then 
adjust  it  to  the  proper  hydrogen-ion  concentration  after  fil- 
tration. In  Baltimore,  it  is  possible  to  re-dissolve  about  one- 
half  of  the  aluminum  hydrate  by  applying  lime  in  doses 
slightly  higher  than  are  necessary  to  the  coagulated  water. 
These  re-dissolved  compounds  may  have  no  effect  on  the 
water,  but  chemicals  are  wasted  by  this  practice. 

Mr.  Baylis  added  that  the  hydrogen-ion  concentration  is 
one  of  the  easiest  determinations  to  make,  and  possibly  is 
the  only  test  that  will  enable  the  filter  operator  to  be  sure 
of  the  corrosive  qualities  of  the  water  treated.  As  soon  as 
the  proper  concentration  is  determined  for  a  certain  water, 
the  necessary  adjustments  can  be  made,  and  complaints  about 
corrosion  or  red  water  will  cease.  He  believes  that  today 
the  hydrogen-ion  determination  is  one  of  the  most  important 
tests. 


(19) 


The    Operations    of    Reservoirs    for 
Water  Supply' 

-  x.Mt'Kl.  A.  GREELEY, 

ipply   ma)    I 
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•   an    tor   water  Bupplj 

ration  Incladi 

.1    and 

The  effe.  I  "  ""' 

:   on   water 

The  "t'li     in.  1il: 

-Will      Of      HI!' 

Hon  ot 
regulation  of  dling  of  silt, 

tin-  control 
:  '1   the  like. 

ith  the  approachii  »n  of  the  im- 

catur,  111.,  the  writer  during  ti 
I   months,   has  gathered  some  data   indicating   pi 

.,    number  of  other  situations. 

I   and    II.  I 
Summary  of  Data  on  the   Use  of   Impounding   Reservoirs. — 

at.  r  supplies.     In 

!.  it  is  indicated  that   do  bathing  is  allowed,  with  the 

tion  of  Youngstown,  O..  and  at  Fort  Worth.  Tex.,  some 

bathing  is  permitted.    There  is  indii  general  per- 

rbidden    entirely    in    only 
as  out  of  the  14  records  available.     Fishing  from   the 
shores   is  almost   universally   permitted,   and   quite   generally 
although   this   latter  practice   is   commonly 
regulated  through  perm.i  Picnicing  and  camp- 

also    to    be    allowed,    with    the    establishment    of 
emitted    in   about   one-half   the   cases, 
method    of    patrol    is    almost    always    undertaken,    and 
among  the  more  comprehensive  of  these   methods  are  daily 
by  five  mounted  patrolmen  over  a  drainage  area 
re  miles  for  the  Oakland,  Calif.,  water  supply. 
Table   II   indicates  the  data   for  unfiltered   water   supplies. 
In  only  one  case  is  bathing  reported  as  permissible,  that  is, 
is.  111.,  in  which  city  the  water  is  not  used  for  drink- 
ing.     Boating   also    is    forbidden,   whereas    fishing    from    the 
shores  is  forbidden  in  7  cases  out  of  11.     Fishing  from  boats 

- 
i  uriflca- 


is  als..  generally  forbidden,  and  this  is  also  true  of  picnicing, 
camping    an.!  orts. 

In  t!  the  impounded  or  lake  supplies  for  Boston. 

v        ,';.       '  rj   careful  control  is  exercised. 

lishing    and    some    boating    is    allowed    by    permit,    and    some 

bathing  occurs  near  Borne  ol  Ihe  New  York  reservoirs. 

Practice  thus  Indicates  I    treei   us.-  .if  reservoir 

waters  in  tin-  cas.-  of  filtered  supplies. 

Comments  on   Bathing.     The   matter  of  bathing  appears  to 
important    con   [deration.     It   should   be 
onlj  for  it  tality  of  the  water  in  the 

the  bathers  them 

■'  tiie  bathers  has 
recently  .ailed  for  the  -  tta  De- 

uki  •'.    Wis  .    and    elsewhere 
along  the  Great    I.  on  is  offered  that  better 

bathini  I  in  specially  designed  pools 

ds,    in   which    the    circulation   and   purification   of   the 
water    can    be   controlled.      With    present-day    understanding 
quite  general  distribution  of  typhoid  carriers,  the  reg- 
ulation   of   bathing    assumes    increasing    importance.      For   a 
short  time  in  1921,  several  public  bathing  beaches  in  Chicago 
losed. 
Maintenance    of    Reservoirs.     No    large    impounding    reser- 
voir for  water  supply  can  be  left  to  itself,  and  some  more  or 
ontinuous  mat  required.     In  the  first  place. 

Dpments   on    the    di  rea   al  ••rvoir 

should  be  canvass,  I  pollution  may 

be  avoided.  In  the  second  plai  ■  ■.  the  development  of  unde- 
sirable microscopic  growths  must  be  watched  and  controlled. 
Methods  of  control  Includi  a  reasonable  removal  of  the 
causes  of  such  growths,  the  destruction  of  the  growths  by 
the  application  of  minute  quantities  of  copper  sulphate,  and 
the   improvement  of  the   water  by  aeration  before  filtration. 

The  third  consideration  involves  the  maintenance  oi 
factory  shore  conditions,  w  hich  can  often  be  accomplished 
by  draining,  clearing,  and  burning  over  marginal  areas  dur- 
ing low  water.  It  Is  be  red  to  be  particularly  important 
that  constant  patroling  should  be  undertaken,  probably  by 
boat  and  automobile,  so  that  the  establishment  of  gross 
nuisances  may   be  prevented   at  all  times  minor 

infringements  of  the  reservoir  use. 

Recent   English   Data. — The  writer's  attention  has  n 
been  called  to  a  moderate  use  "i    impounding  reservoirs  for 
fishing    in    England.      A    book     recently     published,    entitled 
"Trout  in  Lakes  and   Resi  by   Ernest   Phillips,  offers 

some  interesting  data.  It  appears  that  within  the  last  few 
years  about  40  or  more  English  cities  have  stocked  their  city 
water  supply  reservoirs  with  fish  and  opened  them  to  the 
public.  In  some  of  these  cities,  fishing  tickets  are  issued, 
which  cost  at  Manchester  25  ct  per  day  and  at  Huddersfield 
50  ct.  per  fishing  day.  The  speaker  is  not  informed  as  to  the 
extent  of  water  filtration  at  these  supplies,  nor  as  to  which. 
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if  any.  are  chlorinated      it   is  the  general   understanding   In 
the  United  States  that  few  of  them  are  filtered. 

Rules  and  Regulations.     A  Dumber  of  rules  and  regulations 

governing   the   us.-   ol    reservoirs   bai a   published   and 

others  have  been  ^mong  the  mo  I   compli   ■ 

those  of  the  Massachusetts  State   Board         Health,  the   Di 
Water  Supply,  Gas  and  Electi  ol  New   York 

City,  a  suggested  law  by  W.  u.  Dittoe,  Cb  ■     of  the 

Ohio  Stat.-  Board  of  Health,  and  ordinances  i Dtlj    p 

at  Dallas.  Tex.,  and  elsewhere.    The  aim  of  tbese  rules  and 
regulations  t  entirely  1 

for  Ashing,  bathing,  and  the  like,  oi   to  pi  ome  boating 

and    Bshing    under   careful    regulation    through    permits    and 
liing  appears  to  be  quite  generally   denied. 

Summary    and    Conclusions.— The    briel    time   available    tor 
the  presentation  of  this  subject  of  the  operation  of  reservoirs 
for  water  supplies,  and  the  multitude  of  differing  local  condi- 
tions,  do   not   permit    general   definite    conclusions.     1'! 
and   experience    Indicate    that    bathing,    exi  epl    undei 

.ible  conditions,  should   not  be  permitted,  and   that    con 

tion   should    he   given    to   the   protection   of   bathers    as 

well   as   to   the   protection   of   the   water   supply.      With    until 

tered   supplies,   the   tendency    is    frequently    against    boating, 

fishing,   and    the   like.      In    the   ease   of   filtered   supplies,    the 

voirs  for  such  purposes  appears  to  be  incn 
under  the   most   thorough  and  careful  sanitary   p; 


The    Chlorination    of    New   England 
Water  Supplies* 

By   Wll.I.IA.M    .1.   ORCHARD, 
i  •:    Wallace   ,*.-    Tiernan   Co  .   tnc,    New 

One  thousand  nine  hundred  and  ninety-six  communities  in 
the  United  States  chlorinate  water  or  sewage  or  both  with 
liquid  chlorine.  Only  128  or  6  per  cent  of  these  are  in  New 
England.  Twelve  are  treating  sewage,  leaving  but  116  New 
England  communities  chlorinating  drinking  water.  Nearly 
half.  43  per  cent  of  these  are  in  Connecticut  where  51  com 
munities  use  liquid  chlorine  to  safeguard  their  water  supplies, 
24  are  in  Maine.  16  are  in  Xew  Hampshire.  11  in  Rhode 
Island.  Massachusetts  has  nine  while  Vermont  has  three 
communities  using  liquid  chlorine  for  their  water  supplies. 

Scoring  the  states  in  this  country  in  accordance  with  the 
number  of  communities  using  liquid  chlorine  and  starting 
with  Xew  York  in  first  place  with  254.  ending  with  Nevada  in 
48th  place  with  but  one  lone  chlorinating  communit]  we 
find  Connecticut  sands  11th.  Maine  25th.  New  Hampshire 
30th,  Rhode  Island  36th,  Massachusetts  41st.  and  Vermont 
47th. 

A  manufacturer  of  chlorinating  equipment  naturally  asks 
why  this  relatively  small  number  of  communities  using  liquid 
chlorine  in  certain  sections  of  New  England?  Now.  in  trying 
to  answer  that  question,  the  speaker  appreciates  that  he  is 
skating  on  thin  ice — dangerously  near  a  deep  hole  labeled 
"The  Johnsonian  Controversy."  and  caution  dictates  that 
he  skate  the  other  way. 

But  it  is  a  fact  that  there  is  more  resistance  to  the  chlori- 
nation of  drinking  water  in  New  England  than  in  any  other 
section  of  the  country.  Some  of  this  is  due  to  a  firm,  honest 
conviction  in  the  purity  and  safety  of  unsterilized  water 
supplies — some  of  this  is  due  to  complete  deep  rooted  faith 
in  the  absolute  efficacy  of  storage  and  water  shed  patrol — 
but,  in  the  writer's  opinion,  the  principle  cause  for  this  re- 
sistance to  chlorination  in  New  England  is  the  marked  aver- 
sion found  in  some  quarters  to  the  application  of  chemicals 
in  any  form  to  drinking  water.  It  matters  not  if.  as  in  the 
case  of  sterilization,  a  barrel  full  of  chlorine  will  suffice  for 
a  Woolworth  building  filled  with  water.  The  objection  is 
to  the  application  of  chemicals  in  any  form — no  matter  what 
the  chemicals  may  be.  This  attitude  was  clearly  expressed 
by  one  of  New  England's  most  prominent  engineers  who  said 
to  the  speaker.  "Up  here  we  don't  want  medicated  waters." 

We  de  not  agree  with  the  opponents  of  chemical  treatment 
but  we  have  absolutely  no  doubt  of  their  sincerity.  We  can 
only  hope  that  they  will  believe  that  the  rest  of  us  are  equally- 
sincere  as  we  try  to  persuade  them  to  change  their  minds. 

Boston  for  instance — or  rather  the  Metropolitan  district — 
is  the  only  large  community  west  of  the  Rockies  that  does 
not  chlorinate  its  water  supply  as  an  added  precaution. 

•From   a    paper   presented    at    the    lust    annual   convention    i 
Xew    England    Waterworks   Association. 


Bul     Boston    points    to    its    low     typhoid    records    with    justi 
liable  pride,  and  takes  the  stand  that  perhaps  other  cities  have 
lorinate  their  water  supplies  to  obtain  low  typhoid  rates 
inn    Boston  can  get  a  lew   typhoid  rate  without  chlorii 

so  "Why  put  chemicals  in  the  water'.'" 

en  course  then  comes  the  question  of  tie-  potential  danger 

of  an  untie. iied  supply,  especially  where  r rvoirs  are 

.-ss.    but    here    again    we    approach    tin-    controversial. 
Hut.  as  though  to  compensate  for  some  of  its  seeming  i  - 
il     lb.'    manufacturers    of    chlorine    and    chlorine    control    ap- 

s,  Xew  England  has  made  many   contributions  to  the 
development  of  tie-  process  of  chlorim 

\s  lime  brings  to  light  more  facts  concerning  its  nativity. 
it  seems  more  and  more  likely  that  the  experimental  work 
ei  Sedgwick  ami  Phelps  at  tie-  Massachusetts  Institu 
Technology  in  Boston  a  score  of  years  ago  was  the  corner 
-i, .in-  of  our  present  practice  in  the  chlorination  of  water 
supplies. 

It  was  at  Torrington.  Conn.,  that  Tiernan— then  struggling 
with  Wallace  in  the  development  of  a  practical  ozone  gen- 
erator for  the  sterilization  of  water  worked  with  Phelps  in 
checking  a  water-borne  epidemic,  made  use  of  bleaching 
powder  to  sterilize  the  water  supply  and  caused  them  to  trans- 
fer their  energies  from  ozonation  to  chlorination.  It  was  at 
Stamford.  Conn.,  that  the  first  automatic  chlorine  control 
ipparatus  was  developed,  thanks  to  the  patience  and  co 
operation  of  the  late  manager  of  the  Stamford  Water  Co. — 
Mr.  E.  I>.  Hatch,  one  of  the  earliest  supporters  of  chlorina- 
tion. 

The  first  recorded  reduction  in  color  obtained  by  treating 
water  with  chlorine  was  secured  at  Hranford.  Conn.,  by  Minor 
Of  the  New  Haven  Water  Co..  where,  under  his  patronage  and 
with  his  keen  interest,  an  entirely  new  type  of  equipment, 
that  holds  great  promise,  has  been  under  test  for  nearly  a 
year.  It  was  at  Exeter,  N.  H..  that  Weston  first  introduced 
liquid  chlorine  to  water  before  the  coagulant  in  order  to  re- 
duce alum  requirements — a  procedure  that  has  now  been 
adopted  with  success  by  many  operators.  And  at  the  abat- 
toir at  Brighton,  Mass.,  liquid  chlorine  was  first  used  to 
sterilize  wash  water  used  about  the  packing  plant — a  pro- 
cedure that  is  now  universal  in  the  packing  industry.  At 
Waterbury.  Conn.,  the  Y.  M.  ('.  A.  was  one  of  the  very  first 
lo  use  liquid  chlorine  to  sterilize  swimming  pool   water. 

So  you  see  New  England  has  a  considerable  responsibility 
for  the  position  in  which  the  process  of  chlorination  now 
finds  itself  and  has  contributed  almost  as  much  to  this  as  it 
has   to  other  developments  in  the  field  of  sanitation. 

There  is  much  that  New  England  still  can  do.  We  seem 
to  be  at  a  turn  in  the  road  where  new  standards  of  water  are 
to  be  developed  or  else  new  interpretations  placed  on  existing 
standards.  With  the  increased  attention  being  given  to  the 
chemistry  of  colloids  and  to  the  electrolytic  dissociation 
theory  as  exemplified  by  the  interest  in  hydrogen  ion  con- 
centration, chlorination  presents  a  wide  field  for  study. 

In  New  England,  more  than  in  all  the  rest  of  the  country, 
are  located  the  men  who,  since  the  late  eighties,  have  guided 
the  development  of  water  treatment  to  its  present  stage. 
Their  help  is  needed  in  the  developments  that  are  to  come. 
That  help  will  speed  the  day  of  arriving  at  a  proper  appre- 
ciation of  the  merits  of  various  modes  of  water  supply  pro 
tection. 


Drainage  Survey  by  Aeroplane. — Special  reconnaissance 
has  been  undertaken  for  the  Reclamation  Service  of  the  De- 
partment of  the  Interior  of  Canada  in  the  vicinity  of  Le  Pas 
and  Cumberland  House,  lying  on  the  boundary  between 
Northern  Manitoba  and  Saskatchewan.  The  survey  covered 
the  Carrot  River  triangle  for  a  drainage  scheme  involving 
the  reclaiming  for  productive  purposes  of  from  800,000  to 
900,000  acres.  It  had  been  found  that  a  large  part  of  the 
area  was  inaccessible  owing  to  floods,  reeds  and  willows 
which  made  canoeing  impossible.  The  Air  Board  was  ac- 
cordingly requested  to  arrange  a  flight  over  the  region,  so 
that  an  engineer  might  secure  the  desired  information  from 
the  air.  Reports  from  the  Victoria  Beach  (Manitoba)  air  sta- 
tion, which  was  the  main  base,  indicate,  according  to  The 
Canadian  Engineer,  that  the  operation  was  a  complete  suc- 
cess. Most  valuable  data  was  secured  in  an  infinitely  shorter 
period  of  time  than  would  have  been  possible  by  any  method 
of  ground  transportation,  and  by  no  other  method  could  the 
same  general  perspective  have  been  arrived  at. 
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Some   Features   of    Present    Water 
Supply  Practice.* 
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ndin(     upon    the 
hardness    of    the    water,    the    size   of    th< 
town,  ami   other  lot  ai  consideration 

residents   ol   a   town   will   aave   n 

nt  us  water.    The  relation  between 

rat  i      

Ing    resulting   therefrom   t.>  the  oridinary 

householder    is    very   direct,    and    in   man} 

i.       in    soap    alone    is    sulh 

,',,i    ,,i    Bottening, 
nothing  of  the  saving  In  damagi    to 

the      reduced      CO 
plumbing,  etc. 

There     is     an     increased     demand     for 
larticularlj    in   residential 

ts     and     ill     textile     .1'  S      houses     and 

,,  ,       applied  with  hard  w  atei 

in     iddition    to    the    limesoda    process    in 

ai        artifli  lal     zeolites, 

[lieh    •Tertiiutit"    and    "Hi 

examples,  have  had  widespread  use 
in  hotels  and  large  real- 
beginning    to    enter   the 

municipal  field.  By  their  use.  water  may 
mpletely    softened,    the    calcium    and 

magnesium  In  the  water  exchanging  with 
idium  in  the   teolite      Mter  th 

lite   becomes    exhausted,    it   is 

nt.ict    with    brine,    followed    by    wash 
ing   with  water. 

Water  Supply   and   Disease.      \inoi, 

i  omplishments   of   the   past   de- 

a  i  he  reduction  in  the  typhoid 

,     ,   i      rate    In    American    cities;    an- 

remarkably    low    typhoid 
ong  the  American    Expedition- 

.11  \     forces,    a    marvelous    contrast     to    'i" 

he     Spanish    and     Boer    Wars. 

For    example,    the    typhoid     death     rate    of 

Massachusetts  foi  .",  per  100,000 

nlj  ave  of  the  cities  of  thai  state  had 

a    glaring 

i    with   conditions  of  15  years  ago 
when    leading    sanitarians    were    talking   of 
al"   death    rates  much   higher  than 
.  i  ual    act  omplishmenti 
Nothwithstandlng    these    improvements 
mbl  i    hi  alth,  due  in  largest 
to    Improvements    in    water    supplies 
i  Ions,  lilteration  and  dis 
1     Is     not     yet     reached. 
Mild    outl  ^-astro-intestinal    dis- 

ease, like  a  mild  type  of  dysentery,  rarely 
causing  death,  appear  suddenly  in  many 
municipalities,    especially    In    the    spring, 

and  the  distribution  Of  disease  is  such  that 
the     public     water    •mppl.v     has     seemed     ill 

e  the  i  >•'  e     The  nei  - 

and  study  still  exists  and   the 

of  deft  use  against  water 
borne  ti  I  be  well  shppoi  ted,  for 

witho  ii  be    best    designed 

works   may   fall.      Material   assistance    nun 

be  given  to  the  water  department  bj  the 
inlty    bj    dei  roj  Ing    Infectloui    ma 

and     by     better     USe     of 

methods   of   hygiene   and    preventive 
medti   : 

Water     Purification.      Until     the     advant- 
ens  of  storage  as  a  meth- 
od   of    purification    have   been   the   subject 


nt    discussions  ■  the    consensus    of 

i, emu  that    it    is  a  valuable  and    Dei 

:   reliable  single  method,  but 
i  the  danger  of  w  llful  oi 
ain  tit  d 

ieen  ft       i  b  tngea   In   th< 

basic   de  Ign   of   water   purification   plants 

i    in  or  16  years,  but   man:, 

iinpr,,\  em    nt      ha  I  e   been   made   in   the  de- 

i,h  ii'h  ai  Ion  plants,  partlcu 

:    to  the  pipe  galleries  in 

gravlt)    met  hanlcal    plants,    with    respect 

handling  and  application  of  chemi- 

ther  practical  matters.    The  use 

,   draulic    pump    to    mix    chemi- 

eai.s   wit!     water   by   .1    W.    Ellms,   in  tb. 

Mllwaukei     experiments,    seems    to    be    a 

simple    and    effective    substitute    tor    tht 

,,|,|er     mi  thods     Of     baffled     channels,     agl 
iil    other   mixing  devices. 

w     i         ..hi. ii   and  soil  en  ing  are  coni- 

bined     difficulties     resulting    from     the    so- 

called  ba  ling  up  ol  the  filter  sand,  tlue  to 
the  aci  n     oi    ol   lime  deposits  on  the  sand 
niter   beds,   are    being   over 
ml  methods  which  have  been 
i  recently. 
Th,    knowledge  of  the  handling  and  ap 
plication    ol    chemicals    used    in   the   treat- 
ment   oi    water   has   been   vastly   benefited 
arches    of    physical    chemists 

in    re,  >  nt    J  ears. 

The     difficulties     of     treating     colored 
nil    waters    of    low   alkalinh 

pro, In,  ,      :,:      ,  tl nt     free    from    color,    tur 

bidity    and    colloidal    aluminum    hydrat< 

i    would  not  erode  or  corrode 

servici      pipes     and     plumbing,    are    well 

known       While   iiiauv    operators  have  sur- 

i in  ed     tie      difficulties    connected    with 

,    ,i;n    ol      111  h    '.'.iters,    they   have 
bj     methods    largely    empirical 
ill    to    find    a    scientific    I 
tor    proper   treatment    or   reasons   for   fail 
ure.     Recently,    however,    water   chen 

i  lie  hydrogen   Ion  con 

,i  the  method  bids  fair  to  ex- 

i  uch  which  is  now  obscure. 

The      Hydrogen       Ion      Concentration. — 

Briefly     the    hydrogen    ion    concentration 

the  r<  action  of  the  t 
of    its  i  alkalinity,    but    it 

,,,i,,    ■  ci  iminating   measuri 

mation     which     the     ordinarj 

alkalinit]     determination    does    not.       By 

,  oncentration   is  meant   thi 

concentration    of    disassociated    or    active 

i     the     water.       The     standard 

niation     measured     the 

•    of  alkali  present,  but  it   did 

not  in.  I      i  oncentration,  eithei    be 

.    in  its  neutralization 

Th,         nation    of    the    hydrogen    ion 

,  ,  tion  gives  by  difference  the  con- 

centrat I    the  alkalinity  at   any  time, 

and  tin  a  factor  that  is  often  of  very 
to  know  and  which  may 
throw  a  I  't  deal  of  light  on  proper  ap- 
plication of  .  iieniieais  in  water  purifies- 
Hon  We  will  not  attempt  a  tech- 

nical Ion   of  hydrogen    ion    concen- 

tration  al  this  point  but  simply  wish  to 
i  tion  to  the  benefits  which  may 
result  from  this  method  of  measuring  the 
re-act  Ion  ol  the  acidity  or  alkalinity  ol 
water. 

Laboratory  Work  in  Water  Purification. 
—Our  more  progressive  officials  are  be- 
ginning   to    realize    thai    water   purification 

jS  DOt  onlj  ol   hydraulics  and 

niechanic,  hut  a  problem  of  chemistr,\ 
and  biologj  as  well,  and  are  giving  more 
encouragement  to  laboratory  work,  it  is 
unfortunate  thai   verj   little  attention 

I n    given     '"    the    laboratories    at    watoi 

puxlfli  at  "f      plants      in      the      past 

target     plant      *  ive    had    well    equipped 

laboratories    from    the    beginning,    and    ex 

hemists     and     bacteriologists     were 

employed  to  Carrj    on  the  routine  analysis 

•   the  proper  operation  of  such 

plants    but    very   few   of  the  smaller  plant* 
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maintained  properly  equipped  laboratory 

ewer  still  bad  anyone  connected  with 
the   plants   who  bad   a   fair  knowledge  of 
chemistrj  or  bacteriology.    This  practice  is 
fit  with  much  danger  tor  the  i 
the  existence  of  a  Biter  plant  give 
feeling  ol  securltj  to  a  coinmunlty, 
aa  a  Biter  plant  without  proper  supei 
may  be  but  a  blind  to  camouflage  a  really 
Critical   situation. 

State  Supervision  of  Water   Purification. 

Fortunately,    however,    at    the    present 

u  ol  health  m  many  cities,  and 
particularly  in  many  of  the  states,  are 
lakmg  a   hand    in  the  supervision   ol'  water 

purification,     it  has  bei  ary  tor 

the  watei  departments  to  report  to  the 
health  hoards  the  result  of  their  chemi- 
eal  and  bacteriological  analyses.  This  has 
resulted  in  the  establishment  of  labora 
-  in  nearly  all  except  very  small 
plants.  Closer  attention  is  given  to  the 
results  obtained  for  the  health  depart- 
ments are  also  testing  water.  In  some 
states  the  supervision  of  filter  plan's  has 
ir  as  to  require  all  operators  to 
.  used  The  state  of  New  Jersey. 
s,.  far  as  we  know,  has  been  the  pioneer 
in  this  respect.  On  Feb.  9,  1918,  an  act  was 
passed  relative  to  the  examination  and 
licensing  of  operators.  This  act  authorized 
the  State  Department  of  Health  to  examine 
prospective  operators  and  to  issue  a  license 
providing  the  examination  of  the  applicant 
proved  him  to  be  capable  of  performing 
those  duties  which  would  be  required  of 
him  It  is  further  provided  that  every 
purification  plant  must  have  a  licensed  op- 
erator. This  is  a  step  in  advance  and 
should  result  in  better  filter  plant  opera- 
tion. 

It  is  to  be  remembered,  however,  that 
the  licensing  of  operators  and  the  making 
of  daily  routine  analyses  are  not  all  that 
is  required.  The  water  works  superin- 
tendent should  give  greater  attention  to 
the  analysis  of  the  water  supply  under 
his  charge.  Analyses  are  useless  unless 
used,  and  this  observation  is  true  with 
regard  to  all  operating  data  in  a  water 
works  plant.  The  mere  collection  of  the 
data  is  not  sufficient.  It  must  be  used  and 
applied. 

Electrolysis. — Ever  since  the  advent  of 
the  street  railway,  waterworks  plants 
throughout  the  country  have  complained 
of  electrolysis  of  mains  and  service  pipes. 
The  term  "electrolysis"  embraces  the  en- 
tire process  of  accelerated  corrosion  of 
underground  metallic  structures  due  to 
stray  currents. 

The  practical  electrolysis  problem  is 
due  to  stray  currents  from  electric  street 
railways  Instances  of  stray  currents 
from  other  sources  sometimes  occur,  but 
such  cases  are  rare  and  are  not  specific- 
ally considered. 

Electiric  currents  straying  to  earth  from 
electric  tracks  frequently  find  their  way 
to  water  and  gas  pipes,  telephone  and 
power  cables,  and  other  underground 
structures.  When  this  current  leaves 
these  structures  through  earth,  corrosion 
results.  Thus  not  only  are  the  structures 
of  many  different  companies  subject  to 
injury,  but  by  reason  of  the  different  pub- 
lic services  dependent  on  such  structures. 
Hip  public  as  a  whole  has  a  direct  inter- 
est in  this  type  of  electrical  interference. 
As  the  investment  in  pipes  and  service 
connections  in  the  towns  and  cities  of  this 
country  is  enormous,  the  added  deprecia- 
tion resulting  from  electrolytic  corrosion 
represents  a  large  economic  loss  to  the 
municipalities  of  the  country.  Suits  were 
brought  in  several  instances  to  compel 
the  street  railway  companies  to  modify 
or  change  their  system  of  operation  or  to 
secure  damages  for  electric  corrosion.  No 
definite  beneficial  results  were  obtained 
from  these  studies  for  the  reason  that 
the   data  were  not   sufficient  on  which  to 


determination     of     the     minimum 

residual   amount    of   stray   current    which, 

permissible    and    which    would    uol 

cause      injury     to     underground     metallic 

IS  nor  whether   n    was  feasible  lor 
the  street  railways  to  keep  the  stray   cur- 
own  to  this  minmum  residual 


Coagulation    and     Sedimentation     in 
Water  Purification/ 

Bj   .1    W.  ELLMS 
:ier  BUms  Shea]    Co..    Consulting 
Engineers,  Cleveland,  O. 

Coagulation     and     sedimentation     with 
followed     by     rapid     filtration 
through  sand  Biters,  have  become  the  gen- 
erally   adopted    methods    of    purifying    the 
public  water  supplies  in  the  United  States. 
Even  where  the  softening  of  a  water  sup- 
ply  comprises  the  principal  portion  of  the 
process,  coagulation,  sedimentation  and  til 
tration   are   important  factors   in   the   final 
cleansing  of  the  water.     The  method  of  ap- 
mii   lis  and   the  effeets   they 
therefore,    of    the    greatest 
signifn 

phenomena  accompanying  the  pro- 
coagulation    and    sedimentation 
Studied,  it  soon  becomes  evi- 
dent  that   we   are   dealing   with    chemical 
reactions   on   a   large  scale,   and   that   the 
physical   changes  brought  about   by   these 
reactions  are   governed  by  principles   and 
laws  which  have  been  investigated  by  sci- 
entists within  comparatively  recent  years. 
and  classified  by  them  under  the  names  of 
physical  and  colloidal  chemistry.    The  phe- 
i  e  complex  and  by  no  means  en- 
tirely  understood  in  all  of  their  ramifica- 
tions. 

The  object  of  the  present  paper  is  to 
outline  and  classify  the  various  factors  en- 
tering into  the  processes  of  water  purifi- 
cation without  going  too  deeply  into  de- 
tails. The  practical  value  of  understand- 
ing the  main  features  of  these  processes 
ir.  relation  to  the  design  of  the  structures 
in  which  they  occur  is  obvious,  and  at  least 
may  justify  the  effort  to  set  forth  in  an 
orderly  manner  the  changes  that  take 
place. 

Removal  of  Suspended  Impurities. — Ex- 
cluding for  the  time  being  those  phases  of 
the  problem  which  relate  to  water  soften- 
ing  let  us  consider  those  which  have  to 
do  with  purification  and  clarification,  that 
is.  with  the  removal  of  suspended  impuri- 
ties In  natural  waters  used  for  public 
i  here  are  usually  found  both  in- 
ri i i  organic  matter  which  are  not 
in  solution,  but  which  are  in  a  very  finely 
divided  state.  Some  of  this  material  does 
not  readily  settle  out  even  when  the  water 
is  quiescent.  Some  of  the  organic  matter 
irs  to  he  in  actual  solution,  although 
it  has  been  discovered  that  this  is  not  al- 
ways the  case.  Such  material  will  not 
prei  ijutate  unless  the  size  of  the  particles 
of  which  it  is  composed  is  enlarged,  or  is 
trapped  by  other  material  which  is  collect- 
ing into  larger  masses  and  thus  becomes 
capable  of  being  deposited  by  sedimenta- 
tion. 

The  impurities  referred  to  in  the  above 
paragraph  consist  chiefly  of  inorganic  com- 
pounds or  mixtures  commonly  known  as 
day  and  silt,  and  of  organic  matter,  both 
dead  and  living.  In  the  dead  organic  mat- 
ter may  be  found  nitrogenous  and  carbona- 
ceous compounds,  and  in  the  living  mat- 
ter, bacteria  and  microscopic  plant  and 
animal  forms.  Much  of  the  inorganic  ma- 
terial Is  in  that  finely  divided  condition 
known  as  the  colloidal  state  of  matter. 
The  dead  organic  matter  is  usually  in  this 
condition,  while  the  cells  of  the  living  or- 


•From  paper  presented  at  the  last  annual 
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ganic  matter  may  be  always  considered  as 
iii  this  form. 

Since  a  portion  of  the  suspended  impurl 
ties  are,  on  account  of  their  extraordinar 
lly  small  size,  not  capable  of  settling  out 
unaided,  it  becomes  necessary  to  adc 
something  to  the  water  which  will  cause 
these  particles  to  come  together.  The  ag 
gregation  of  these  particles  into  masses 
of  such  size  that  they  may  settle  out  is 
i  ommonly  known  as  coagulation.  This 
process  is  usually  effected  through  tin 
CJ  of  a  chemical  compound  such  at 
aluminum  sulphate  or  ferrous  sulphata 
which,  in  reacting  with  the  natural  alka 
Unity  of  the  water  or  with  an  alkalinit? 
created  by  the  addition  of  lime  or  sodi 
ash.  produces  a  colloidal  precipitate.  Th* 
latter  by  reason  of  the  electrical  charges 
upon  its  particles  and  which  are  of  oppo 
site  sign  from  those  on  most  of  the  nat- 
ural colloidal  impurities,  brings  about  co 
agulation  of  the  suspended  matter,  ano 
subsequently  is  settled  out  under  propei 
conditions. 

Chemical  Reactions. — From  the  above  ii 
is  evident  that  there  first  occurs  one  o: 
more  chemical  reactions  followed  by  cet 
tain  physical  changes.  It  is  this  actua, 
division  of  the  process  into  two  parts  tt 
which  attention  should  be  directed,  if  the 
full  significance  of  the  phenomena  in- 
volved is  to  be  understood.  The  reactlor 
between  the  sulphate  of  aluminum  and  the 
alkali  in  the  water  is  the  usual  exchang* 
of  irons,  whereby  an  insoluble  or  practic 
ally  insoluble  product  is  one  of  the  results 
of  the  reaction.  Every  precipitation  is  pre 
ceded  by  a  state  of  supersaturation  with 
respect  to  the  precipitated  solid,  and  aftet 
it  is  complete,  the  liquid  is  saturated  with 
it,  i.  e.,  it  is  in  equilibrium  with  the  liquid 
The  establishing  of  this  equilibrium  maj 
require  considerable  time,  and  depends  en 
tlrely  upon  the  properties  of  the  compounc 
resulting  from  the  chemical  reaction,  anc 
from  the  physical  and  chemical  character 
istics  of  the  water  in  which  the  reactioi 
takes  place. 

It  Is  necessary,  therefore,  to  realize  thai 
a  chemical  reaction  or  series  of  reactions 
precedes  changes  which  establish  phys) 
cal  equilibrium.  The  velocity  of  mosi 
chemical  reactions,  at  least  of  those  com 
monly  met  with  in  water  purification,  is 
extremely  high,  in  fact  too  high  to  be  abU 
to  properly  measure  the  time  in  whicb 
they  occur.  The  higher  the  temperature 
the  more  rapid  are  the  ionic  exchanges 
If  more  than  one  reaction  is  necessaTy,  as 
in  the  case  of  ferrous  sulphate,  and  lime 
or  lime  and  soda  ash  in  water  softening 
probably  a  somewhat  longer  time  is  need 
ed,  but  even  here  the  chemical  reactions 
practically  complete  themselves  in  an  im 
measurably  short  space  of  time. 

The  foregoing  statement  is  only  true  if 
the  reacting  substances  are  in  solution 
The  velocity  of  a  reaction  is  directly  pro 
portional  to  the  concentration  of  each  r» 
acting  constituent,  and  is  understood  to  h* 
the  ratio  between  the  amounts  of  the 
transformed  substances  and  the  time  re 
quired  for  transforming  them.  The  great 
est  velocity-value  Is  at  the  beginning  of 
the  reaction,  and  becomes  less  and  less 
as  the  reaction  proceeds,  and  leads  to  the 
theoretical  result  that  the  reaction  is  only 
complete  after  an  infinite  length  of  time 
But  while  this  may  be  absolutely  true,  for 
practical  purposes  any  residual  action  may 
be  regarded  as  non-measurable  after  tea 
times  the  period  which  is  required  to  com 
plete  the  first  half  of  the  reaction.  Sine* 
for  hogeneous  mixtures  of  reacting  solu 
tions  of  the  general  character  used  in  co 
agulating  a  water,  the  velocity  of  the  re- 
action at  the  start  is  very  high,  it  follows 
that  the  reacting  quantities  in  the  desidual 
action  are  practically  negligible.  How- 
ever, in  non-homogeneous  mixtures,  such 
as  occur  when  feeding  milk  of  lime,  or  dry 
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true  thai  there  is  a  minimum  quanl 
below   which  the  most  Impi 
ami  unsatlsfaetorj  coagulation  I    obtained 
•    i  both 
highly    colored    and    turbid    water,    which 
was     a     mixture     of     two     waters     which 
d    the   filter   plant    before    sufficient 
for  mutual  precipitation 
colloids,    required    the    addition   of 
alkali  befon  would   precipitate, 

color   was    not    completedy    removed 
even  then,     Bj   adding  at  il  alum 

•    an   opportunity   for  the 
•nini    and    sulphate    ions    b 
then    Introducing   the   alkali    so   that 
Qum    hydroxide    would    he    formed,   a 
torj    coagulation    resulted    with   a 
much  smaller  quantity  of  the  coagulant 

Protective  Action  of  Colloids.     The  pro- 
tective  action   of  certain   colloids   in   pre- 
venting    coagulation    la  Illustrated   by   the 
fad   that  a   water  containing  considerable 
si  wage  requires  more  alum  for  purification 
n  unpolluted  water  having  the  same 
turbidity  and  color.    The  tact  established 
b)   colloidal  chemists  that  by  adding  a  re- 
i    lal  solution  more  Is 
required   to  produce  precipitation  than  if 
rapidly,   may   afford    a    possible   ex- 
planation for  Mime  of  the  poor  results  ob- 
l    in    some    purification    plants.      The 
phenomena  of  absorption,  depending  as  it 
principally   upon   the  factor  of  "sur- 
oncentratlon";  that  is,  upon  the  dif- 
■  oncentration  at  the  boundary 
heterogenous  phases,  whether 
be  gas.  liquid  or  solid  may  ac- 
i    the  obscure  and   puz- 
phenomena   of  the   sand   filtration   of 
coagulated  waters. 

Like   all    new   developments    in   science. 
colloid  has  been  seized  upon 

plain    many    phenomena    which    are 
Dd    which    will    eventually    be 
equire    the    formulation    of    en- 
new  and  unrelated  principles.     If  In- 
ill    hear   in    mind. 
oncoming  the  eol- 
-    Inciplee  and  laws 
Dd  by  use  of 
0b8CUre 
Hon,   sedimentation 
if  r,f  water  may  be  found,  there 
■        be  o  real  advance  in  the  art  of  water 
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Personals. 

W.  A.   L.iyton   has   I n  appoint! 

Kan. 
Leroy   Pharr   has   i"  en   a]  mon- 

C.    Webb    Saddlei  i    ,  u  v 

C.  Arthur    Poole    has    been    appointed    cltj 

•, 
Willi,!,.,     B.     Manny  .,     ,-,lv.     ,,„, 

Frank   M.igiey   has   been  appointed  drainage 

I 
Norman    E.    Brown 

D.  H.    Wait 

•     Municipal   Bn- 

l  '<l     and    u  ill    . 
I 

E.  Harold    Wills.    Mount    Hollj 

l     D     W.ldc 

■  i.    hut 

i   dual 
nd   manager  oi    the 

11      '  «iii 

The   Associated    Engineers.    Inc..    M  Iwaukee 

Italph     \t      i 
naultlng   en 

i    the 

i  ninu 

tl 
■ 
m      Mr    flllus  Is  thi 
■ 
on    o        i 
nembei  k      \ 

■ 
Mr.    Si  \      i;     .,„,] 

A-   1.  1  Society  of    American 

and   holds  a   n  ■-•  i i ,    com- 
■  in-  rh     with    the    CI 
.v    Milwaukee    1:     I!  .    Ki.  i 
•    with     MP     Ti 
member  ..f  ili<-  Ch< 
\      K 


Industrial  Notes. 


Chicago   Gravel    Co..    1109    Flahei     1.1.1k. 

ppoinl  in.  in  of  Ucorge 

v\      Rei  a  Ii  k      !    sa  Ii  -    managi  i    of.    the   i  om- 

i  he    Orton    &    Stelnbrenner   Co.    of    C 

•  lain 
i  coal  crush- 
it  Hi      \\  alter 
\    ■      L,o«    Angeles    I  »1 

O.   A.   White,   advertising  manager   for   Th<- 
ath    ''".    Plymouth,    O 
Plymouth    -i  itives. 

i .-  tlu- 
i.il    Stone   Conventl 
at     l  .a     Salle    Hotel,     I 

Hercules  Powder  Co.  has    ini  ounced  the  fol- 

Hen  ales 

i  g  saps     ii. r- 

: 

S  blasting  caps   reduced   ! 

\  re\  ision  also  baa 
1  ■  quantity  discounts. 


Trade  Publications. 

.    publications  oi  Interest 
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Centrifugal      Pump  — Evlnrude 
Mllwauki  •      Wis       i  Circular    devoti  d 

mplng  unit. 
Cranr  \|;,|, 

illustrating    and     ilrscrihinpr     a 
"Industrial"   crawling   tractor  crane   of   '.'".nnn 
. 
Generators     Westing-house   Electric  &    Man- 

rcular 
Illustrating  and  describing  tl        E  v     I 

grater     wheel 

Centrifugal     Pumps— Goulds    Manufacturing 

>      Bulletin  descriptive 
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E.    &    C.  Index    Furnished    Only    on 
Request 

The  index  tor  Vol.  l.VI — July-December,  1921  issues  Ol  En 
gineering  and  Contracting  is  now  being  prepared.  In  common 
with  many  other  publishers  we  have  adopted  the  practice  ol 
sending  the  index  to  only  such  subscribers  as  request  11 
Therefore,  it  you  want  the  index  for  the  las)  6  months  you 
should  notify  us  at  once.  Those  who  requested  the  fndei  tor 
the    previous    volumes    have    been    listed    and    need    nut    notify 


An    Unwise    Decision    of    the    Illinois 
Public  Service  Commission 

Everyone  that  has  read  many  rati'  case  decisions  must 
have  been  struck  by  the  frequency  with  which  public  service 
commissions  have  prescribed  rates  thai  admittedly  yield 
Ie8s  than  6  per  cent  at  the  time  of  the  decision,  on  the  ground 
that  the  low  rates  would  attract  more  business  and  thuH 
eventually  lead  to  adequate  profits.  Not  a  tew  dei 
have  been  based  on  the  analogous  argument  that  better  man 
agement  would  eventually  lead  to  greater  profits,  and  that 
consequently  the  utility  company  should  be  penalized  bj  low 
rates  until  such  time  as  its  management  has  improved  It 
was  this  argument  that  Mr.  (now  Justice]  Lo 
used  a  decade  ago  when  he  was  attori  tor  a  group  of 
Eastern  shippers  that  were  asking  the  Interstate  commerce 
Commission  to  lower  railway  rates.  To  it-  credit,  the  I  om 
mission    refused   to   follow   the   sophisl  oning    «f    Mr. 

Brandeis.      The   Commission   properly   held    that    it   would   be 
a  putting  of  the  cart  before  the  hoi  a    reduction 

in  freight  rates  prior  to  a   reduction   in    0]  penses. 

In    the   recent   attempt   of   the    city   of    Chicago    to 
reduced  street  car  fares  the  attorneys  representing  the  city 
used  the   same   sophistry  that   Mr.   Brandeis   used   ten   years 
ago;    and    it    seems   to   have   had   its    effect,    for   the    Illinois 


Public    Utilitj    Commission    ordered    ■<    reduction    ": 

railway  faros  to  5  ct.    The  Commission  conceded  that 

on   present   operating   revenue  and  expenses,  •■ 

woefully  Inadequate,   but    it   argued   that   better  management 

will    lower    operating    expenses    and    that    lower    fares    will 

Lttl  act    more   businesss. 

it  is  noteworthy  that  not  a  Bingle  member  ol  tins  com- 
mission ever  managed  anj  son  ol  public  utilitj  and  that  the 
engineering  witness  ol  the  city  had  never  been  a 
railway  engineer  fet  an  Inexperienced  commission  followed 
the  advice  ol  an  Inexperienced  engineer,  and  ordered  the 
most  unjustified  reduction  In  street  railwaj  rates.  The  Com 
mission's  decision  was  to  take  effect  al  about 
November,  but  was  blocked  by  a  restrainin  im  the 

court      On  Jan    9,  a  federal  court  compo  sd  ol   Judgi 
penter,    Page    and    Evans    concurred    In    granting    an    Intel 
locutory  injunction   which  presumably    will  stand  against  en 

ment  ol  the  Commission's  ordei   until  after  the  hi 
ami  decision  on  the  application  tor  a  permanent   Injunction, 

What   we  have  Just   said  ot   the  principles  of  this  It 
given  striking  sanction   by  Judge   Carpenter"!    opinion,  from 
which  we  quote  brieflj 

"The   orderly,    rational    and    legal    method  would 

have  been  for  the  ■ 

management  n   and   Invite  <:   their 

suggestion*    Into    force     giving    thi  an    opportunll 

tlemonetj  ate  i  hi   benefit  s,  or  ■ 

•■All  ■  matters 

njecture   and  lulte    within    the   rani 

human  I  me  ot  the  changes  could  not   bi 

■  ■    to   the   i 

i  hi     llllnoii    commi  rce  •  B    Im- 

possitii'  a   rate   whli  b    both    It    ai 

city    ol    Chicago   admit    will  ■...tine   expen  • 

pn  vail  until  their  i  li   ■ 

But   regardless  of  thi 
clsions   which    we  doubt    not    will    make   the   injunction   peT 
manent,  a  great  harm  has  been  done,  for  many  of  the  public 
will  have  been   convinced  that   the  State  Commission  ruled 
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justly      li   this  conviction   is   wldel)    Bpread,   It    will   . 
municipal  ownership  of  street  railways  In  Chicago,  and  thus 
add   ont    more  economic  blunder  to  the  list   headed   ' 

l-'r.m 

li    ever    public    regulation    ol    utilltj    rates    Is    t,.    become 

an  nnqnallfled  Buccess,  it  must  beco a  fixed  pollcj  ol  pub 

hr  utility  commissions  not  to  lower  rates  prior  to  thi 
•■nee    ■  ompanj 

expresses  .1  willingness  t.>  sxperlmenl      it  cannot  be  denied 
thai  i  nj   are  anxious  to 

net   earnings      Therefore,  any   Intelligent    man 
rould   gladly   lower  ratei    were   the) 

enough  t"  Increase  the  net  earnings. 
Indeed,  prior  to  the  days  ol  public  regulation  ol  utilltj   rates, 
there  was  .1  stead)   decline  In  most   rates,  due  to  the 
ol  mat  d<  ntallj . 

it  was  their  foresight  that  brought  rallwaj   rates  In  Ai 
down  per  ton  mile  In  1860  to  about  %  ct,  pi 

mile  in  1890.  It  was  this  foresight  that  led  to  the  progri 
lowering  ol  the  electric  light  ami  telephone  rates.  Street  cat 
tares  were  not  lowered  pei  ride,  but  the]  were  lowerd 
enormously  per  mile  <>f  transportation  during  the  same 
period,  for  the  growth  of  cities  and  suburbs  lengthened  the 
enger  haul  Beveral  fold.  All  this  occurred  prior 
to  public  utility  regulation,  and  because  ntiiit\  managers 
j>»ir>u.ii  the  wise  policj  ol  lowering  rates  as  fast  as  reduced 
operat  made   it    po    Ibli       1  tilitj    managers  are 

certainly    not    less   Bagacious    todaj    than    thej    were    twent) 
ago,  and  can  be  trusted  to  act   now   as  the)    did  then. 
it. nid.-. 1   thej    are  assured   that   all  benefits   from  decreased 
operating    expenses   will   not    be   Immediatel)    seized    1 
public  t hrcuijih  the  acti  tives.     In  .short,  a 

public  utility  commission  steps  beyond  its  real  promise  when 
it  usurps  the  functions  ol  the  managers  of  utility  com 
A  manager's  prime  function  is  10  produce  protits 
from  an  adequate  service,  ami  he  can  he  Burely  trusted  to 
lower  expenses  and  to  attract  bj  low  rates  as  large  a  volume 
of  trade  as  possible  always  provided  thai  the  stockholders 
of  his  company   become  to  some  extent   the  gainers  by  his 

efforts 

In  their  zeal  t,.  protect  the  public,  many  utility  commissions 
overlook  this  last  proviso,  ami  thej  often  seek  to  securi  tot 
the  public  ia.!  onlj  pan  ol  the  reduced  expense  of  operation, 
hut  all  of  ii.  This  is  had  enough  economics,  hut  how  much 
worse  i*  it  to  try  to  secure  all  of  an  anticipated  saving  in 
advance  i  |  Its  realization!  Yet  this  is  precisely  what  the 
Illinois    Public   Service   Commission    has   attempted   to   do    in 

the   I'l  .        1 ,   tiUs   commission   be- 

lieve   in    regulation   rather   than   in    municipal   ownership?     If 
acting  contrarj  tor  a  tew  more  such  de- 

cisions will  go  a  long  way  toward  greasing  the  skids  upon 
whi.h  the  city  of  Chicago  will  slide  into  the  slough  of  owner- 
ship of  street   railways  ami  other  utilities 


What  Is  a  Reasonable  Rate  of  Return 
for  a  Regulated  Utility? 

In  the  preceding  editorial  we  hav<  6  per  cent 

1  onslder  It   fair  or  adequate,  hut  be- 

the    lower    limit    within 

which   regulation  may  i.e  conducted     the  limn   below    which 

■:■  ■!   return   rates  to  be  confiscatory. 

to    consider    this    in    the    light    Ol    current 

•   ■ tgage  bond  represents  the 

ood    first 

pri it)    with   a    value   substantiall) 

;i      wind,  propert] 
•    ol   Junior  sec,,, 

greatei    than    the    first 
ter 

"    property,  ami   the)    give  no 
inter 

..ire  of  the  - 

ml   at 
"i   the   principal.    An   Invi 

tn  •  at   in  bu 
th(     othi 


Before   us   is   the   January    Investment    list   of   one   ol    the 

'  St,    st    ens.  Main-   and    most    reliable   security   deal 

the  Middle  West     tie   bond  department  of  a  great  hank 

In  its  polio  of  conservation,  this  hank  shuns  stocks  entirely] 

and  handles  onlj  Buch  bonds  as  it  can  recommend  as  highly 

The  first    mortgage  bonds  on   its  i,st  are 

olio  ws 


Net  yield  al 
prices 

•  I  nt. 
6  7.'. 

,  so 
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6  1:, 


,,  , ,  '}'>  1 1    I'ropi  1  iv  1  iue. 

Public  nt iiii \  lain 

Utilltj  1940 

Public  utilltj 
utilltj 

I'll!  lie     111  llll  I 

Public    nt  1  11  \  1955 

■  ■  la]     , 
Industrial 

The  slmpli  the  above   yields   is  6.03  per  cent; 

the  widest  spread  among  them  1-  1.35  per  cent.  The  hank 
is  bringing  out  no  new  1  sues  at  this  time,  and  .very  bond 
here  listed  represent:  ...1  .  tabllshed,  "well  seasoned"  secur 
iiy.  New  issues  bring  higliei  rates  The  factors  affecting  bond 
prices  are  manifold,  and  we  attempt  no  complete  analysis 
here,  but  «.■  note  that  in  general  the  highest  grade  of  such 
securities,  with  an  active  market,  maturing  In  not  less  than 
i"  years,  and   practlcall)    non-callable   within   that   turn 

selling  to  yield  1 cent  to  G  per  cent     Securities 

"i   equally  high  grade  except   for  a   less  active  market   yield 
6  per  cent  to  6.75  per  cent.     Most  ol  the  new  issues  sell 
to  yield  above  7  pei  i  ent 

it  is  a  false  argument  to  say  that  because  bond  prices  are 
rising  and  yields  falling,  these  figures  are  not  criteria  in 
ten  st  rates  01  i  nd  probably  again  will  be,  lower  than 

the)  are  now.  but  for  several  years  they  have  been  higher 
and  dining  these  years  they  represented  an  actual  condition 
—not   a   thory.      That    regulation    which    holds    down    utility 

'■•'•      liecau: an  anticipated  reduction  in  interest  rates  at 

an   unknown   future   time   is    inosl    oh\  iously   unjust.      It  estab- 

lishes  the  most  favorable  conditions  as  a  standard,  and  then 

penalizes   the  regulated   corporations   whenever  those   condi- 
tions   (Which  are   for   the   most    part    beyond    the   Utilities 
troll   drop  below  the  standard. 

To  summarize  iii.  best  of  the  old  and  seasoned  first 
mortgages  yield  ..  per  cent;  the  new  issues  yield  7  per  cent 
and  upward;  a  large  amount  of  property  not  paid  for  out  of 
lirst  mortgages  should  yield  higher  rates;  something  must 
be  provided  tor  managerial  profit  if  the  utilities  are  to  be 
treated  fairly  and  given  an  opportunity  to  compete  with  other 
business  in  the  financial  markets;  in  discussing  bond  rates 
we  have  given  data  only  tor  the  best;  the  average  bond 
obviously  will  be  inferior  and  so  must  he  sold  to  give  a  higher 
yield  a  fact  which  appears  to  be  verj  generally  ignored  by 
commissions. 

All  of  this  does  in  ii  determine  what  is  a  fair  return  rate 
i.ir   public  utilities,    bui    ii    prett)    clearl)    demonstrati 

inadequacy   of  ti   per  cent 


Look  Who's  Here 

Something  novel  has  been  taking  place  In  the  rallwaj  Bold 
since  the  fii  I  ir:  The  railways  have  begun  talking 

of  new    construction,  of   betterments,  and  of  othet    Improve 

ments      and    what    is    more    to    the    point    some    lines    actual]] 
have  been  awarding  conti 

it.  has  i n  a  long  Mm.      Ince  Items  like  the  following  an- 

pea  red  In  the  newsp 

i  Ixecutlves  .•("  the   I  Canadian    Pacific    R  pany  are  con 

Bidering    appropriations    ..i     mor<     than    Jj:.. 1,000    for    road    ex- 

an. I   general    Improvements    in    1922.      li    is   expected 
.a"  the  construct work    "  I]   b.    don i   western   lm.  - 

The  Chicago,  Mllwaukei  Gat  i:  i:  i  ,  received  authorisa- 
tion t..  build  a  new  fi  om  Vurora  to  Jollet,  in.. 
.i    ..    cost    ..f   |2,700, 

A    12-mile  line  is  to  i»    constructed   from   thi    Cumberland   River 

Ix.iiim  ill.      .*.  .      In  ill.      R,     R. 

The    Mingo    Vallej     i:  i:     Co     plane    thi     construction   of   a    Mm 

1  ect  «  nh  the  Montour  i:    i: 

1  permission    to   issu.    notes  and 

toi   constructing  a  new  tin.    I i   Holbrook,    \riz  .  to  • 

a   distance   of  "'■'■  ml 

beten    i  -till  longer  time  since  we  had  the  pleasure 

Ol    noting    items   like    the    following; 

.mi    Pacific    R.    i:     opened    bids    Jan.    ;:    fur    grading 

and    . I, .ui.i.     tracking    between    Klrkw i    and    Washington 

i     |ob. 

N'orthi  mi    t:     ';     reci  Ivi  d    bldr    Jan     .    for    laying    a 
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track    on    us    main    llni 
Lamma    a   distance   of  -'-'  miles. 

The  Illinois  Central  it.   R    awarded  a  co 
.if  and   track  laying  job  In   Kentucky 

The   Missouri,  Kansas  S    Texas  R.   R.      >  contract  for 

grading   and   culverts   for   Its   new   freight  it    Dennlson 

Tex      the    work    Including    800,000   cu.    yds  an 

ill     yds    of  coni 

\    contract   for   grading   and    bridging    foi  oi    railroad 

In    Mexico   was   lei    to  Texas   contractors. 

Individually  those  [terns  do  not   mean  erj    much,  but 

collectively   they   make   a    respectable  a   showing 

tor  two  week  railroad  construction  news  has  not  been 

equalled  tor  over  '  years.  Coming  from  so  many  seel  ions 
of  tli.'  country  and  from  so  many  different  sources  and  more 
important  still  at  a  time  when  the  net  earnings  Of  the  rail- 
roads are  becoming  more  favorable,  the  t  the  lirst 
two  weeks  of  this  year  may  be  considered  as  a  favorable 
Indication  of  better  and  busier  times  in  the  raili 
tion   field. 


Some    Remarks    on    Contract    Forms 

To  the  Editor:  Efforts  looking  toward  the  standard] 
of  construction  contract  forms  in  general,  following  more 
or  less  successful  efforts  particularly  during  I 
or  seven  years  to  evolve  satisfactory  uniform  contracts  in 
specific  lines  of  construction,  are  entitled  to  the  earnest  and 
helpful  consideration  of  everyone  interested  in  proper  business 
procedure  in  connection  with  construction  work 

The  writer  is  pleased  to  accept  this  opportunitj  to  i  mpha- 
.  few  fundamental  considerations  of  vital  importance 
in  connection  with  contract  forms.  First,  it  should  be  borne 
in  mind  that  a  construction  contract  is  simply  an  agn 
between  two  parties,  one  of  whom,  the  contractor,  agrees 
to  perform  certain  work  for  a  stipulated  sum  to  be  paid  by 
the  other  party,  the  owner.  Inasmuch  as  each  of  the  parties 
is  held  individually  responsible  for  the  carrying  out  of  the 
contract  it  would  appear  of  prime  importance  that  iis  word- 
ing be  so  simple  as  to  be  comprehensible  to  I  with- 
out the  intervention  of  an  interpreter.  Moreover,  inasmuch 
as  no  one  not  a  party  to  the  contract  may  be  hold  responsible 
in  any  degree  thereunder,  requirements  or  intimations  in 
the  body  of  the  contract  that  either  party  must  look  to  an 
outside  party  for  the  performance  of  certain  necessary  inci- 
dentals to  the  carrying  out  of  the  agreement  between  the 
owner  and  the  contractor  are  likely  to  involve  misunderstand- 
ing and  confusion  if  not  grave  injustice. 

Simplicity,  definiteness  and  fairness  then  an-  prime  con- 
siderations underlying  the  ideal  contract.  It  should  also 
be  borne  in  mind  that  both  efficiency  and  fair-play  require 
that  the  Imposition  of  responsibility  must  be  accompanied 
by  the  investiture  of  authority  fully  commensurate  of  such 
responsibility.  In  other  words,  insofar  as  a  contractor  is 
held  responsible  to  the  owner  for  the  performance  of  certain 
work  he  is  entitled  to  absolute  and  exclusive  ntrol  thereof 
and  the  terms  of  the  contract  should  protect  him  from  inter- 
ference either  by  act  or  neglect  on  the  part  of  the  owner, 
his  representative  or  any  other  party  not  subject  to  the  con- 
trol of  the  contractor.  This  means,  of  course  that  if  the 
owner  choose  to  reserve  portions  of  the  work  from  the 
general  contract  and  to  let  separate  direct  contracts  for 
same  he  must  assume  full  responsibility  for  the  acts  or 
neglects  of  these  secondary  contractors  with  respect  to  the 
interests  of  the  general  contractor.  It  is  the  opinion  of  the 
writer  that  if  owners  were  fully  advised  as  to  their  legal 
responsibility  and  contractors  as  to  their  legal  rights  in  this 
regard  the  practice  of  letting  work  under  segregated  con- 
tracts would  be  less  popular  than  it  is  today. 

Comment  on  certain  specific  provisions  is  offered  as 
follows: 

The  wording  of  contracts  generally  implies  a  degree  of 
authority  and  responsibility  on  the  part  of  the  architect  that 
cannot  rightfully  be  exercised  by  anyone  not  a  party  to  the 
contract.  Contracts  should  distinctly  provide  that  the  author- 
ity of  the  architect  or  engineer  is  the  delegated  authority 
of  an  agent  and  should  convey  the  clear  impression  that 
the  contractor   may   always  appeal  direct  to  the  owner  and 


that  the  owner  maj  not  hide  bi  hii  I  i  architect  or  en- 
gineer,  It  is  suggested  to  this  end  that  the  wording  of  most 
contracts   would   be   Improved   bj     >  thai    the  owner 

through  the  architect  shall  furnish  orking 

drawings  and  other  instructions  nece  sary  to  the  realization 
plans  and  Bpeciflcal 

Inasmuch   as    the   owner   of!  reserve    certain 

as  of  the  work  from  thi  I   is  desirable 

that   the  contract  deflnitelj    hold    thi    owner  responsible  for 

all   necessary  materials,  labor,  workn ship  ami   Incidentals 

not  Included  therein  and  thai  same  hall  be  tunlshed  so  as 
to  facilitate  the  progress  of  thi  "-quired 

i>\   tin-  general  contractor. 

Provision  should  also  be  madi    thai    the  owner  shall  pay 

all    royalties   and    incidental    fei  and 

specifications     except     such     as     are     individuals 

otherwise  provided  for,  It  being  -  ivlnci    ol  the  architect 

or  engineer  in  preparing  the  plan:,  and  specifications  for  the 

owner  to  avoid  unnecessary  obligations  of  this  nature  and 
to    inform    bidders   of   the   necessary  ones. 

In  compliance  with  recognized  prai  tice  and  to  obviate  doubt 
the  contract  should  provide  that  In  case  of  conflict  between 
the  plans  and  specifications  the  latter  shall  govern  and  that 
no  branch  or  class  of  work  not  covered  by  tin-  specifications 
shall  be  included  in  the  work  i  tren  though  shown  in  part 
or  in  whole  on  the  drawings. 

In  view  of  the  tendency  of  many  architects,  on  the  authority 
they  have  assumed  through  the  medium  of  the  general  condi- 
tions  oi  their  specifications,  to  meddle  in  matters  with  which 
they  have  no  concern,  the  contract  should  distinctly  provide 
ih.it  no  portions  of  the  specifications  in  conflict  with  the 
ici  ins  of  the  contract  or  not  actually  descriptive  of  the  work 
done  or  the  manner  in  which  it  is  to  be  done  are  to  be 
considered  as  part  of  the  contract  but  shall  be  null  and 
void. 

When  a  contractor  receives  plans  and  specifications  for 
certain  work,  especially  if  it  is  apparent  that  the  owner 
has  had  expert  advice  in  their  preparation,  he  is  warranted 
in  assuming  that  they  comply  with  the  requirements  of  law. 
In  view  of  the  prevalence  of  misleading  and  unjust  attempts 
lo  impose  responsibility  in  this  regard  on  the  contractor 
through  the  medium  of  the  general  conditions  of  the  specifica- 
tions, it  is  suggested  that  the  contract  contain  a  provision 
io  the  effect  that  "anything  that  is  expressly  stated  or  shown 
in  the  plans  and  specifications  shall  govern  and  be  followed 
notwithstanding  anything  to  the  contrary  from  other  sources 
id'  information  or  authority  to  which  reference  may  be  made." 

Provision   for   payments    should    be    made   generally   appli- 

ii  to  varying  conditions  by  requiring  that  the  architect 
deliver  proper  certificate,  or  in  lieu  thereof  a  sufficient  reason 
in  writing  for  not  issuing  the  same,  within  three  days  after 
receipt  of  the  demand,  in  default  of  which  the  amount  de- 
manded shall  thereupon  become  due  and  payable.  Delay  In 
making  payments  should  be  made  to  render  owner  liable  to 
contractor  for  all  damages  and  expense  the  latter  may  suffer 
thereby,  together  with  interest  on  deferred  payments  at  short 
term  rates  and  extension  of  specified  linn  tor  completion  to 
the  extent  of  such  delay;  and  should  provide  further  that,  if 
the  owner  fails  to  make  any  payment  within  seven  days 
after  its  maturity  and  presentation,  the  contractor  may,  after 
three  days'  written  notice,  terminate  the  contract  and  re- 
cover from  the  owner  adequate  compensation  for  all  work 
done,  loss  sustained  on  plant,  material  or  workmanship 
furnished  or  ordered  for  the  work,  reasonable  profits,  includ- 
ing anticipated  profit  on  uncompleted  portion  of  work,  and 
damages. 

Furthermore,  inasmuch  as  the  architect  properly  ceases 
io  [unction  with  the  completion  of  the.  work,  the  contract 
should  make  his  certificate  of  completion  his  final  act  with 
respect  to  the  contractor  and  his  work  and  should  not  require 
the  contractor  to  obtain  from  the  architect  a  certificate  for 
his  final  payment. 

The  writer  believes  the  best  interests  of  all  concerned 
would  be  conserved  rather  by  a  contract  that  encourages  than 
by  one  that  threatens.  Hence,  the  reciprocal  principle  of 
forfeit  and  bonus  in  connection  with  the  penalty  clause  is 
advocated,  where  applicable;  and  in  all  other  cases  that  a 
specific  penalty  for  each  day's  delay  beyond  a  certain  date  be 
named  in  the  call  for  bids.  So-called  "liquidated  damages" 
are  an  offense  and  an  imposition  and  should  not  be  tolerated. 

The  arbitration  clause  is  an  extremely  important  feature 
of  a  contract  and  the  writer  hopes  to  see  the  time  when  in  all 
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is  under  the  new  law  in  New  York  State,  arbitration 
provisions  In  contracts  will  be  enforceable  and  Irrevocable. 
For  tiio  or. Unary  building  contract,  however,  the  questii 
dispute  are  In  general  ol  Insufficient  Importance  to  warrant 
the  detailed  procedure  that  would  bave  to  be  requiri 
law;  !>ut  everj  contract  should  contain  an  arbitration  clause 
ami  mandator]  enougb  at  least  to  encourage 
just    and   amicable   settlements   of   disputes   and    to   i 

•  from  any  Impression  that  be  may  assume  to  be 

i    of   his   own   plans.     Buch   a   clause   should 

primary   decision   by   the   architect,   budJi 
by  • •ither  owner  or  contractor  to  a  hoard  of  ai 
tion   with   plenary   power.     In  order  to  protect   either  partj 

the  Indifference  or  stalling  of  the  oiler  it  should 
provided  that   either  may  force  a  prompt  arbitration;    as,   for 

three  disin- 
I  men  experienced  In  the  business  of  building,  o 
ined  In  the  demand  for  arbitration  by  the  party  making 

the  demand,  one  by  the  other  party  within  five  days  th, 
and  the  third  by  these  two;  neglect  of  either  party  to  appoint 
an  arbitrator  within  five  days  after  Buch  demand  lias  been 
delivered  to  operale  to  place  the  question  before  the  arbitra- 
tor named  in  the  demand,  whose  decision  shall  be  as  binding 
as  that  of  a  full  board.  It  should  be  provided  that  the  notice 
oi  th,.  appointment  of  the  third  arbitrator  shall  designate 
a  time  and  place  for  the  first  meeting  of  the  hoard  ami 
either  party  should  be  empowered  to  require  that  the  deci- 
sion of  the  board  be  rendered  within  15  days  after  written 
demand  therefor  has  been  mad,';  th.'  life  of  the  hoard  to  be 
limited  to  said  period  unless  extend,  d  by  written  consent  of 
both  parties.  Should  the  life  of  such  board  terminate  without 
a  decision  being  rendered  provision  should  be  made  for  the 
appointment  of  a  new  board,  but  no  person  should  be  qualified 
to  sit  on  more  than  one  board  of  arbitration  to  consider  the 
same  question. 

The  basic  purpose  of  every  straight  construction  contract 
Is  the  completion  of  a  specified  amount  of  work  which  the 
owner  wants  done  and  which  the  contractor  wants  to  do. 
The  sooner  the  work  is  completed  as  specified  the  better  for 
both  parties.  It  is  to  be  expected  that  the  parties  will  co- 
operate to  the  fullest  extent  in  the  completion  of  the  contract. 
The  owner  cannot  consistently  countenance  any  interference 
with  the  convenience  of  the  contractor  in  his  efforts  to  com- 
ply with  the  contract  requirements.  To  this  end  the  contract 
should  provide  that  the  owner  (not  the  architect  or  engineer) 
shall  furnish  or  cause  to  be  furnished,  free  of  charge,  as 
required  and  in  any  event  promptly  on  demand  of  the  con- 
tractor, such  additional  instructions  by  means  of  drawings 
or  otherwise  as  may  be  necessary  for  the  proper  execution  of 
the  work. 

Inasmuch  as  the  personality  of  the  architect  or  engineer 
that  is  to  oversee  the  work  for  the  owner  may  be  of  vital 
concern  to  the  contractor,  the  latter  is  entitled  to  know  hi 
advance  with  whom  he  will  have  to  deal;  and  the  contract 
should  provide  that  any  change  shall  be  subject  to  the 
approval  of  the  contractor. 

Such  provisions  as  that  "the  architect's  decisions,  in  mat- 
ters relating  to  artistic  effect,  shall  be  final,"  are  indefinite 
and  Intangible  and  have  no  proper  place  in  a  contract.  Any- 
work  not  susceptible  of  definite  description  in  the  plans  and 
specifications  Is  by  the  sane  token  not  susceptible  to  an 
Smh  work  should  be  covered  in 
the  specifications  by  a  fixed  allowance  and  all  guess  work 
eliminate 1. 

Such   provisions  as   that   the   employes  and  subcontractors 

shall  I  engineer  are 

In  rlir-  tion   of  the  established   right   of  the  contractor 

control   of   the   work    ho   has    obligated    himself 

i ding   to   specifications. 

A    provision    is   often   Inserted    in    contracts   requiring   the 
ibmit  to  th,-  architect  or  engineer,  as  a 
-  nt   to  being  grant<  <i  a  certlficat.    toi    paj 
Dd    vouchors  n. Inures    for 

d    labor.    Including    pay 

mi   ,  .,-,-  ,,f  ,-,,   t  plus   .  ..ti'  ' 

iiii i •  sum  contra. '  i.av  ing  mechanics' 

lien  lav.     I!  the  contrat  to  an  Indemnitj  bond 

.    inch  a  requirement  would  tend  to 

tin     work  and    would   constitute   an    unw.-i 

■.  ni,  th,.  contrai  '.a  and  a  violation  of  in 

to  run   hi     .wti   bO  ■><    Within   th.'   law       Smh 

afford  no  necessary  protection  to  tin-  owner  but 


are  often  moat   Lrksom.    i"  the  contractor,  frequently  placing 

him   at    th,-   mercy  of  vindictive  or  unscrupulous   subcontract 

•  i  material  men 

In   view    of  the   fait    that   some  contract  forms,  notably  the 

Btandard   form  of  the   American   Institute  of  Architects,  are 

cluttered  up  with  attempts  t.>  determine  what  the  relations 

.!    the   genera]  contractor   with    hi-   subcontractors  shall  be 

it  may  In-  well  again  i..  .lite,  i  attention  to  the  basic  principle 

ciency;   that   a   responsible   party  must   have  complete 

authority  w  il li in  tie  Ibllitj 

Mi. -r  B  Contractor  has  accepted  responsibility  to  the  owner 
for  the  execution  of  certain  work  in  accordance  with  certain 
specifications  it  is  uncon  to  suggest  that  the 

owner  or  anyone  shall  have  the  li^ht  to  go  beyond  the 
peclflcatlons  in  dictating  as  to  how  he  shall  t;o  about  the 
work,  what  men  or  subcontractors  he  maj  or  may  not  employ. 
how.  when  or  how  much  he  shall  pay  them,  whence  ai 
what  terms  he  may  procure  his  materials,  etc.  Lien  laws 
protect  labor  and  general!]  material  dealers  and  subcon- 
tractors as  well,  with-hold  notices  or  writs  of  attachment 
an-  available  for  ,in  and  the  owner's  interests  are 

amply  protected  both   by  the  Indemnity  bond  furnished  b]    the 
contractor   and    by    the    withheld    percentage   of   the   contract 
iui...     Why  provide  foi    i  lacing   in  the  hands  of  an  In 
sible   autocrat   weap  i  with    to   harry    the    responsible 

contractor,  \%  it  li  probable  detriment  to  the  owner's  interests? 
.Much    of    the    foi  mei't    is    based    on    a    critical 

examination  of  the  standard  "General  Conditions  of  the  Con- 
trad''  adopted  by  the  American  Institute  of  Architects.  The 
writer  is  familiar  with  at  least  one  form  that  in  a  certain 
district  for  many  years  has  satisfactorily  covered  the  points 
hereinbefore  alluded  to,  and  it  is  safe  to  say  that  no  new 
form  that  fails  in  this  respect  would  meet  with  ready  favor 
in  that  particular  district. 

E.  T.  THURSTON, 
Secretary  General  Contractors  of  San  Francisco. 
San  Francisco,  Calif. 


How  Street'.Railways  Figure  Depreciation  on  Their 
Motor  Trucks 

Some  interesting  information  on  this  subject  is  given  m 
the  January  issue  of  Aera,  the  official  publication  of  the 
American  EUectric  Railway  Association.  The  following  an- 
swers are  given  to  the  question:  "If  motor  trucks  are  used  in 
connection  with  line  or  track  work,  on  what  basis  is  their 
depreciation  calcul. 

N.   C.   Hasmussen.   Superintendent,   Wisconsin    Valley    Ele* 
trie  Company,  Wausau.   Wis.   -On  a  100.000  mile  basis. 

F.  .1.  Cannon,  Assistant  Treasurer.  Northern  Texas  Trac- 
tion Company,  Fort  Worth,  Texas. — All  automobiles  owned  by 
this  company  are  pro  rated  to  expense  over  a  period  of  two 
years  from  the  date  ol  their  purchase. 

K.  A.  George,  Auditor.  Indiana  Railways  and  Light  Com 
p. my.  Kokomo,  Ind.  We  do  not  operate  motor  trucks  in  con- 
nection with  railway  line  or  track  work  We  have  eight 
trucks  in  our  light  ..ml  power  department  on  which  no  sep- 
arate depreciation  that  item  being  included  in  a 
blanket  charge  on  the  entire  property. 

A.  B.  Cleveland.  Secretary  and  Treasurer,  BJlmin  Water, 
Light  and    Railroad   Company,   Klmira.   X.    Y      Ten    pel 

per  year 

B.  W.  Fernald,  Auditor,  San  Francisco  Oakland  Terminal 
Railways.  Oakland.  Cal  The  depreciation  on  motor  trucks 
used  in  line  and  track  ■  i  i.  as  well  as  all  othel  automotive 
vehicles  is  calculate.!  on  .in  estimated  life  for  each  truck. 
The  salvage  which  we  bopi  to  realise  at  the  expiration  of  the 
lives  of  the  vehlclt  'ducted  and  the  balance  of  the 
cost  is  pro  rated  over  their  lives — a  charge  being  made 
monthly  to  operating  expense  accounts  with  credit  to  "Ac- 
crued   Depredation     i; i    and    Equipment."     The   lives   of 

vehicles  vary  considerably,  according  to  their  make  and  the 
use  to  which  they  are  to  be   put      To     of  our  line  trucks 

i-n  a  lite  oi  ten  i/eai  while  those  used  by  the  Wav 
ami  structures  Department  re  assigned  a  maximum  of  four 
years,  this  on  account  of  tin-  difference  in  the  wear  and  tear 
due  to  usage. 

li     c.    Kihneman,   Jr.,    Auditor,    Shreveporl    Rallwaj 
Shreveport,    La. — We    calculate    depreciation    on    our    motor 
trucks  as  follows:     First   year,  16  per  cent.;  second  year,  -" 

per    cut.;     third    year,     16    per    cent.,    ami    thereafter    10    per 

cent 
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Economics  of  \  ine  Revision  on  Lackawanna  R.  R. 


Reason  for  Building  the  Clark's  S 
Slightly  Condense. 


Chi 


mit-Hallstead  Cut-off — Original  Estimates  and  Actual  Results 
'rom  a  Paper  Presented  Before  Western  Society  of 
Engineers,   Dec.   15,  1921 

By  GEORGE  J.  RAY 

r,  Delaware,  Lackawanna  &  Western  Railroad 


The  older  portions  ol  the  Lackawanna  like  man] 

ol  iii,-  other  railroads  built  through  rough  country  in  the 
earlj    days,   were  constructed   with   man]     harp  curves   and 

heavj   grades.     The  main  line  crosses  the     n,>   Mountains 

at  an  elevation  of  approximate!)  2.000  it  nihee  sen  level.  At 
Scranton,  In  the  center  of  the  anthraciti  coal  fields,  when 
much  of  the  railroad's  traffic  originates,  ration  of  the 

main   track   is  about   735   ft.  above  sea    u  \ 

General  Conditions.-   The  topograph]    ol    I        ntry  in  the 

vicinitj   ol  Scranton  is  such  that  heavj  are  required 

[01    both   east   and   westbound   traffic  from  that    point.     The 

lowest    available    summit    westbound    is   api>  matel]    BOO    ft. 

above  the  tracks  at  Scranton  and  is  so  located  that  a  1%  per 
cent  grade  is  necessary  from  Scranton  to  this  point  which  is 
known  as  Clark's  Summit.  For  40  miles  west  ol  (lark's  Sum- 
mit the  old  line  traversed  a  very  broken  country  approxi- 
mately at  right  angles  to  the  water  sheds  with  the  result 
that  tbe  line  was  built  with  heavy  grades  against  both  east 
and  westbound  movement.  These  grades  consisted  of  two 
stretches  of  uncompensated  65-ft.  grade  and  one  46-ft.  grade 
against  easthound  movement,  one  21-ft.  ami  one  28-ft.  grade 
against  westbound  movement. 

As  the  tonnage  increased  this  line  became  more  and  more 
difficult  to  operate.  It  will  readily  be  seen  that  where  an 
engine  handled  full  tonnage,  for  the  line  between  Hallstead 
and  Klmira.  either  east  or  westbound,  pusher  service  was 
necessary  on  that  part  of  the  line  between  Hallstead  and 
Clark's  Summit.  Because  of  unbalanced  traffic,  the  great 
variation  between  the  east  and  westbound  pusher  grades,  and 
because  of  a  very  bad  tunnel  at  one  summit  east  of  Nichol- 
son, pusher  engines  could  not  be  economically  used,  resulting 
in  very  low  mileage  for  the  pusher  engines.  Not  only  was 
it  necessary  to  push  freight  trains  both  east  and  west,  but 
it  was  also  necessary  to  use  puller  engines  on  passenger 
trains  eastbound  between  Nicholson  and  Clark's  Summit. 

Through  this  same  territory  the  old  line  was  very  crooked, 
the  total  amount  of  curvature  in  the  41  miles  between  Clark's 
Summit  and  Hallstead  was  3.845  degrees.  Four  to  six  degree 
curves   predominated. 

Traffic  and  Operation — Additional  Capacity  Required. — 
Figure  1  is  a  diagram  showing  the  net  tons  of  freight  and 
coal  carried  per  year  from  1900  to  1920,  inclusive.  The 
broken  line  represents  the  actual  tonnage  carried.  The 
dotted  straight  line  indicates  the  average  increase  from 
1900  to  1909.  This  line  produced  was  used  as  a  basis  of 
estimating   probable  future  tonnage. 

The  old  line  was  expensive  to  operate  and  maintain.  The 
heavy  tonnage  over  sharp  curves  and  steep  grades  caused 
excessive  rail  wear  and  the  track  was  expen  Ive  to  maintain 
from  ever]  standpoint.  In  the  40  miles  there  were  twenty-nine 
public  grade  crossings,  all  of  which  could  be  eliminated  only 
at  a  very  material  expense.  The  problem  to  be  solved,  there 
fore,  was  one  which  required  the  best  possible  alignment 
with  grades  over  which  increased  tonnage  could  be  handled 
and  at  the  same  time  reduce  pusher  service  all  possible  in 
both  directions.  The  tonnage  had  reached  such  a  point  that 
additional  main  running  tracks  must  soon  be  built  on  the 
heavy  grades  in  order  to  avoid  excessive  delay  to  fast  freight 
and  passenger  trains  due  to  the  long  time  required  for  slow 
freight  trains  to  get  over  the  roads.  Additional  passing  tracks 
would  not  solve  the  trouble  and  only  cause  additional  delay 
to  slow  freight.  To  build  additional  trad:  along  the  old 
alignment  would  be  expensive,  and  the  construction  would 
greatly  interfere  with  traffic.  Incidentally  the  construction 
of  a  new  line  would  provide  an  up-to-date  road  bed  and 
eliminate  all  grade  crossings. 

Limits  of  Grade  and  Curvature. — I  will  not  attempt  to  dis- 
cuss the  preliminary  work  which  was  done  in  order  to  reach 
a  conclusion  as  to  the  proper  line  to  build.  Permit  me  to 
say.  however,  that  it  was  an  impossibility  to  locate  a  new- 
line  which  would  be  a  big  improvement  as  to  curves,  grades, 
etc.,  without  encountering  very  heavy  construction. 
We  fixed  13  ft.  per  mile  as  the  maximum  grade  against 


westbound  movement,  in  order  to  eliminate  the  pusher  service 
westbound  and  permit  full  tonnage  to  ho  handled  wes/  over 
the  entire  division.  The  easthound  pusher  grades  were 
determined  by  actual  test  on  other  parts  of  the  line  where 
it  was  possible  for  us  to  pick  out  a  grade  on  which  the 
required  tonnage  could  be  handled  with  one  engine  and  a 
pusher.  Grades  were  compensated  [or  curvature  by  using 
3/100  of  1  per  cent  per  degree  of  curve.  This  allowance  was 
used  lor  curvature  on  a  change  id  line  made  at  another  point 
on  the  road  in  1908  and  proved  to  be  about  the  correct 
allowance. 

An  Independent  Problem — Changing  Condition.— After  the 
surveys  bad  been  completed  and  estimates  prepared  for  the 
various  proposed  lines,  extensive  calculations  were  made  to 
determine  the  probable  saving  to  be  expected  in  operation 
and  maintenance  costs  due  to  the  reduction  of  distance 
elimination    of   curvature,    rise    and    fall,    and    the    reduction 


of  gradient.  After  an  extended  study  of  all  available  informa- 
tion covering  the  savings  in  operation  to  be  expected  by 
stub  a  change  in  line,  we  came  to  the  conclusion  that  it 
was  absolutely  necessary  to  work  the  problem  out  in  a  more 
or  less  independent  way,  being  governed  by  the  conditions 
at  hand.  We  concluded  that  in  cases  where  important  im- 
provements had  been  made  on  other  lines,  the  conditions  to 
be  dealt  with  were  so  very  different  that  we  could  not 
consistently  use  the  conclusions  reached  without  a  very 
careful  examination  as  to  whether  or  not  they  were  applicable 
to  the  case  in  hand.  The  natural  increase  in  business,  to- 
gether with  the  constantly  changing  conditions  in  operating, 
the  increased  tractive  power  of  locomotives,  the  increased 
average  car  capacity,  new  legislation  and  government  regu- 
lations so  change  the  conditions  from  time  to  time  that  we 
must  necessarily  attack  all  such  problems  as  they  are  found 
and  not  depend  too  much  upon  figures  which  others  have 
made. 

Savings  Calculated  on  Train  Miles  and  Pusher  Miles. — 
Where  a  reduction  in  grade  is  made  which  will  enable  an 
engine  to  pull  a  heavier  train  and  thus  reduce  the  number  of 
train  miles  required  to  handle  a  given  tonnage,  we  must 
arrive  at  the  possible  saving  due  to  the  elimination  of  one 
train.  It  is  evident  that  the  elimination  of  one  train  in 
handling  a  given  tonnage  will  entirely  eliminate  certain 
expenditures  such  as  coal  for  fuel  and  wages  of  enginemen 
and  trainmen.  The  wear  on  the  rail,  ties,  ballast,  and  other 
track  materials,  will  be  less  because  of  the  eliminating  en- 
gine. On  the  other  hand,  such  items  of  expense  as  superin- 
tendence, cost  of  traffic  department,  floating  equipment,  etc., 
will  in  no  way  be  reduced  by  the  change. 

In  like  manner  the  reduction  of  one  mile  in  distance  will 
eliminate  one  train  mile  for  every  train  run;  hence,  we  must 
calculate  the  probable  saving  due  to  the  elimination  of  one 
mile  in  distance.  It  is  also  evident  that  the  cost  of  maintain- 
ing one  mile  of  track  is  eliminated  and  likewise  the  train- 
men's wages. 
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pushei  u    problem  is  to  calculate  the  Baving  due 

to  the  elimination  ot  one  pusher  mile. 

Wear  as  Related  to  Total  Curvature  and  Degree  of  Curve. 
The  total  \ a l no  of  reducing  curvature  cannot  bi    readilj   re 
duced  to  a  basis  ol  dollars  and  cents,   but 
the  value  ol  curve  reduction  Buch  as  mil  wear  can  be  fairly 
accurately  determined,     it   Is  easj    to  determine  the  ■•■ 

main  track  rail  tor  thai  pan  ol  the  railroad  over  which 
the  traffic  is  fairly  uniform.  The  rail  records  also  furnish 
the  necessarj  data  to  compare  the  rail  wear  due  to  curvature 
with  that  on  straight  line  or  a^  between  light  curves  and 
sharp  dnee.  in  a  general  waj  th<  amount  ol  rail  wear  due 
to  curvature  In  any  given  terrltorj  depends  upon  the  total 
curvature  and  not  so  much  on  th<    degrei    ol  the  curves,    in 

other  words,   the   total    rail   wear   dui  ntral    angle 

m  a  mile  of  level  track  will  ho  about  ti"     ame  whether  the 
curvature  consists  of  500   ft.  ol    6     curve  oi      tl    of   i 

curve.  What  is  true  with  respect  to  rail  wear  is  also  more 
Where  the  grade  is  reduced  so  as  to  reduce  tlio  number  of 
a  true  with  all  other  items  ol  road'w 
by  the  elimination  of  curvature  Damage  to  equipment, 
and  loss  and  damage  to  freight  due  to  curvature  is  greater 
with  sharp  curves,  hut  in  general  the  additional  wear  on  roll- 
ing   stork   due    to    curvature   depends,    like    the    tr.o  k,    on    the 

total   degrees    "t    curvature   and    not    on   the   degree  of  the 
curves. 

Since   all    items   of   the  accounts   making    up   operating   ex- 
are  based  on  the  average  alignment  (in  the  case  under 
consideration  0°  50' i  for  convenience  the  estimated  sa 
due  to  elimination  of  curvature  are  based  on  the  comparison 
of  a  mile  of  5°  curve  and  the  same  amount  of  0°  50'  curve. 

in  the  preliminary  location  of  the  new  line  an  effort  was 
made  to  keep  the  maximum  degree  of  curvature  down  to  2°. 
No  effort  was  made  to  place  a  value  on  the  reduction  of  the 
maximum  degree  of  curvature  from  Ave  or  six  degrees  to  two 
degrees.  As  a  mater  of  fact  much  is  gained  in  speed  and 
safety  of  operation,  and  in  location  work  clue  consideration 
must  always  be  given  to  this  important  feature  of  the  align- 
ment. In  the  construction  of  the  new  line  J. 179  degrees  of 
curvature  were  eliminated. 

Rise  and  Fall. — The  elimination  of  rise  and  fall  will  reduce 
the  cost  of  operating  a  given  train  over  the  road.  In  estimat- 
ing the  savings  to  be  expected  by  eliminating  rise  and  fall 
we  have  considered  that  the  resistance  on  a  0.5%  grade  is 
just  double  the  resistance  on  straight  level  track.  Therefore, 
an  engine  would  have  to  overcome  the  same  resistance  in 
pulling  a  load  up  a  0.5%  grade  a  mile  long  as  it  would  on  a 


Maintenance 

and 

operating 

expenses. 

Superintendence    $      4i>' 

i  liL-ht  of  way  fences 56.! 

1!'  172.05 

JU     Frciclit  train  cars;  repairs   

Fuel  for  urain  locomi 
•US     Loss  and  damage— ft-      hi  1.259,717.24 


?71,921,87 


two-mile  stretch  of  level  track.  It  is  easy  to  see  that  it  will 
cost  something  to  move  the  train  from  the  hump  a  mile  down 
a  0.5%  grade. 

Train  Miles  and  Operating  Expense. — In  all  the  calculations 
ire  have  based  our  figures  on  the  total  cost  per  train  mile 
including  all  expenses  In  connection  with  the  operation  of 
the  railroad,  except  general  expenses.     It  inched 

the   passenger  and    freight   trains   t.  total    revenue 

train    mileage   for   the   year,   and    thus   secured    a   composite 
cost  per  mile  for  passenger  and  freight.    At  the  time  this  work 
was  done,  charges  were  not  bein:-'  allocated  as  between  pas- 
senger and   freight  service,  hence  a  composite  figure  bad  to 
be  used.     Work  train  mileage  was  excluded,  but   I 
was  included  in  the  total  cost.     I  know  of  no  accural 
to  figure-   tie-   cost    per  train  for  any   phc-n   part   of  the  rail- 
road   a  tits   are   n<ver   kept    in   such    a    waj 
determine   a   proper   allocation   for  a   specific   section    i 
line  such  as  that  under  consideration;   In-' 
to  Include  the  total  cost  of  operating  the  railroad,  figure  the 
percentage  that  each  item  of  the  account  bears  to  the  total, 
then  estimate  the  percentage  that  each  item  is  affected.  If  at 


all.    by    the    changes    mule]     consideration.       This    method    of 

figuring  is  at  least  on  the  safe  side  as  the  cost  per  train  mile 
on  the  section  oi  line'  under  consideration  was  certainly  above 
til.'  a\  i 
In  Table  l  will  he  found  our  e  timate  ol  the    per  cent  thai 

each  item  ol  the  account  will  be  affected.  First:  |!y  a  re- 
duction iii  grade  such  as  to  permit  the  sain,  tonnage  to  i"- 
handled  w  itii  i  ,      i!v  the  elimination  ol 

one  mile  distance.    Third:     Bj  in  made-  which  will 

permit  the  elimtnatlo  helper  engine.    Fourth:     By  a 

on  oi   on.'  mill  i  .  •  rage  curvature  of 

0°  50'.  At  the  foot  of  this  table  the  total  cost  per  train  mile 
tor  ""  '    is  show  n  as  $6.02.     This  amount  is  found 

bj    iiu  tor   the   year  1920 

i..\   the  total  revenue  train  mile:       \  divi  Ion  ol  the  charges 
as  between  passenger  and  freight   tor  the  year   1920, 
ported   tee  the  interstate   Commerce  Commission,   shows  the 
train   mile   ol    *::  28   and    per  freight 
train   mile   of  $8.77. 

Savings  to  Be  Expected.     In  regard  lo  the  per  cent  that  the 
variou  affected  bj   the  addition 

or  elimination  of  one  train  in  handling  a  given  business,  and 
as   indicated   in  Table   I.    1    desire   to   make   the   follow  n  . 
planation  with  ret.].  |    the  main   items. 

In  the  first  place  p  trains  are  not  affected,  except 

mat  tiny  can  make  better  time  and  the  puller  engines  (which 
are  Included  under  help'  i  t  ill  not  he  required.    The 

same   number   of   p  trains    are    run    as    before    the 

change. 

Prior  to  discussing   tie     pi  rcentages  that  various  accounts 
are  affected  by  the  changes  under  consideration  as  shown  In 

TABU  lINTENANCE  AND  OPERATING  EX- 

PENSE   DUE    Tie    CHANGES     '\    GRADE,    cTKVATfRE, 
DISTANCE      \M<    RISE    AND    FALL 
urea  for  gra.i.  ,     uid     on  or  elimlna- 

iii.-  a    given    business.      Figures   for   dlB- 
•     based  ecu  tin.  elimination  of  one  mile.     Figures  for  helper 
>ased  on  the  elimination  ot  on.-  helper  mile.     I' 
for  curvature  are  based   on   one  mil.    of  !">  degree  curve   compared 
with   thi     iverage  ourvatui  gures   for  rise  and 

fall  are  based  on  the  between  2  miles  of  level  tangent 

tract;  ate'.   2  ml  ni    track  with   a   hump  of  26.4   ft.   in   the 

middle.  While  the  elimination  of  rise-  and  fall  will  slightly  affect 
track   maintem  the    main 

•lie   amounting  to  a  considerable  saving 
and   lubrication  for  locomotives.     These 
proximately  50%,  or  5.31% — say  5% — of 
$6  02    per    tram    mile.      This    eequals    $0.30    saving    per 
train  mile. 

[The   table   shows   maintenance    and    operating  expenses   of  the 

entire  read   for  the  year   1920   by   standard  accounts  from   No.   S01 

to   X.e.    142.     Here  we  shew   only   G  "f   these  accounts   for  purposes 

of  illustration,   together  with   the   total  on  which  final  calculations 

■  e  d.     Kehte.r.  I  ',-  ract  Ing.] 

Distance.  II    Ip  Curvature. 
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Saving    ' 

li 
I  cin   mile  .    $3.28 
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$4,216       $1,516 

0.073       

■  r    train    mile  $2,549       $4,289       $1,516 
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Table  1,  1  w  isli  to  saj  thai  l  have  found  I  able  to  make 

some  changes  in  the  pel  ind  the 

savings  to  be  expected  have  been  Bgun  timates  tor 

1920,  on  the  revised  figures. 

Savings  Through  Elimination  of  Grade  i,i   212     Ties 

will  be  affected  about   129    bj   the  eli  one  train. 

on  the  basis   that   the  engines   do  appi  of   the 

mechanical   destruction   to  ties   bj    tr  irould    not 

necessarily  be  a  fart  where  ties  are  nol  d,  but  in  the 

case  under  consideration   all  ties   are   ti  :    pri 

with   heavy  ti'-  plates.     Since  the   pei  road   Freight 

,  9  to  the  total  number  of  engines  i  roximately  60%, 

the  ties  would  be  affected  about    12%  1  limlnation   ol 

one  train. 

Account  214— Rails;  Account  216 — Other  Track  Materials, 
and  Account  218 — Ballast,  will  likewise  I  1  about  12%. 

li  is  thought  by  those  best  qualified  to  know  that  main 
heavily  loaded   freight   cars   with   small  i    wheels  do 

more   damage   to   rails   and    the    rest    of  structure 

than  the  engines  although  the  latter  have  much  heavier 
wheel  loads.  On  one  part  of  the  Lackawam  a  here  we  have 
many  passenger  trains,  both  local  and  through,  with  engines 
as  heavy  as  those  operating  on  the  main  line,  but  with  little 
or  no  freight  service,  we  find  the  tracks  comparatively  easy 
to  maintain  compared  with  other  parts  of  the  line  where 
both  passenger  and  heavy  freight  trains  idled.     What 

Is  true  with  respect  to  the  track  is  likewise  apt  to  be  true 
with  respect  to  equipment.  Originally  1  placed  a  higher 
percentage  on  the  effect  of  eliminating  the  engine  than  I 
now  believe  warranted.  As  a  result  I  ha1  xed  20%  as  a 
fair  amount  for  rail,  ties,  other  track  materials  and  ballast. 
Since  only  60%  of  the  power  is  used  in  road  freight  service 
the  above  percentage  is  reduced  to  twelve 

Account  249 — Signals  and  interlockers.  Thirty-one  per  cent 
is  allowed  for  this  account  on  the  ground  that  about  50%  of 
the  expense  of  maintaining  signals  and  interlocking  is  directly 
due  to  train  movements.  The  life  of  an  automatic  signal 
depends  upon  its  use.  The  cost  of  maintenance  increases 
with  the  number  of  train  movements  and  as  the  train  move- 
ments increase  the  signals  must  be  placed  closer  together. 

Accounts  308,  309  and  310 — Steam  locomotive  repairs, 
depreciation  and  retirements  will  be  affected  about  62%,  this 
being  the  ratio  that  road  freight  engines  bear  to  the  total 
engines  in  service. 

Account  392 — Train  enginemen  affected  about  74%,  this 
being  the  ratio  of  the  freight  train  enginemen  to  the  total. 

Accounts  394,  397,  398  and  399 — Fuel,  water,  lubricants  and 
other  supplies  for  train  locomotives.  These  items  are  made 
on  the  ground  that  the  reduction  in  grade  entirely 
eliminating  the  freight  locomotive  will  also  make  a  marked 
decrease  in  the  amount  of  coal,  water,  etc.,  consumed  by  the 
passenger  locomotives. 

Account  400 — Enginehouse  expenses  train.  This  account 
will  be  affected  100%. 

Account  401— Trainmen  will  be  affected  69%  or  the  ratio 
that  the  wages  of  freight  trainmen  bear  to  the  wages  of  all 
trainmen. 

Savings  Through  Elimination  of  Distance. — The  amount 
that  the  various  accounts  are  affected  by  the  elimination  of 
one  mile  in  distance: 

Account  405 — Crossing  protection.  If  the  charges  to  this 
account  were  uniform  over  the  entire  road,  this  item  would 
be  affected  100%.  As  a  matter  of  fact  it  cannot  be  so  con- 
sidered. The  saving  in  connection  with  the  elimination  of 
crossings  has  been  considered  as  a  separate  item. 

Account  202,  roadway  maintenance;  208,  bridges,  trestles 
and  culverts;  212,  ties;  214,  rails;  216,  other  track  materials, 
and  218,  ballast;  all  the  track  laying  and  surfacing  sub- 
divisions, roadway  buildings  and  damage  to  live  stock  on 
right-of-way  will  he  affected  100%.  These  items  will  be  en- 
tirely eliminated. 

Account  249— Signals  and  interlockers  will  be  affected  50% 
on  the  ground  that  the  automatic  signals  will  be  eliminated, 
but  the  number  of  interlocking  plants  will  not  be  affected. 

Accounts   308,   309.   310— Steam   locomotive   repairs,   depre- 
ciation and  retirements.     These  items  will   be  affected  80% 
!   for  the  reason  that  80%  of  all  locomotives  are  in  road  service. 

Accounts  314,  315.  316— Freight  train  car  repairs,  deprecia- 
tion and  retirements  will  be  affected  65%  based  on  an  esti- 
mate that  65%  of  all  repairs  are  due  to  road  service. 

In  like  manner  Accounts  317,  318  and  319.  passenger  train 
car  repairs,  depreciation  and  retirements,  will  be  affected 


Accounts  392  ami  401 — Train  engi ten  and  trainmen  will 

lie  jffecteii  ;i5%  on  the  basis  l hat  f.  of  ihe  total  expenditure 
is  made  up  ol  coni  ti  net ive  mileage. 

^CCOUntS  394,   I'.l'V.  :i:>S  and   399      Fuel,  water,   lubricants  and 

oilier  locomotive  supplies  «ili  be  affected  90$  on  the  hasis 
ihat  lie,  ol  the  expenditure  it  due  to  tuppliet  paid  for  while 
trains  are  standing  on  the  sidetracks,  station      i  i. 

Account    400 — Enginehouse    expenses     i  train  i     will    be    af- 
fected 100%. 

Savings    in    Helper    Engines.     Assuming    that   one-half   the 
pusher  mileage   is  light  and  that    a   light  engine  will  do  m* 
half  as  much  damage  to  track  ami  to  itself  as  it  will  do  when 
handling  tonnage,  we  can  apply  75%  to  all  the  items  of  road- 
wax    maintenance  and  maintenance  of  equipment   which   will 


Fig.    2.— Engi 


Grade  (Feet  Per  Mile) 
Ratings    Used    in    Calculations. 


be  affected  by  a  change  in  grade  as  shown  under  Column  4, 
Table  I. 

Account  392 — Train  enginemen  will  be  affected  74%,  this 
being  the  ratio  of  freight  enginemen  expense  to  the  total 
expense  of  train  enginemen. 

Accounts  394  and  397— Fuel  and  water  will  be  affected  about 
60%  owing  to  the  fact  that  the  engines  are  running  light  part 
of  the  time. 

Accounts  398,  399  and  400— Lubricants,  other  supplies  for 
train  locomotives  and  enginehouse  expense  (train)  will  be 
affected  100%. 

Account  401— Trainmen  will  be  affected  about  25%  since 
onlj  one  trainman  is  required  for  each  pusher.  As  a  matter 
of  fact  at  the  present  time  trainmen  are  not  used  on  pusher 
engines. 

Savings  Through  Elimination  of  Curvature. — Account  212 — 
Ties  are  affected  50%  on  the  basis  that  a  better  grade  of  tie 
is  required  on  a  5  curve  than  on  a  straight  track,  costing  in 
the  neighborhood  of  25%  more  money.  Further  more,  the 
life  of  ties  on  straight  track  is  approximately  30%  longer 
than  on  a  5°  curve. 

Account  214 — Rails  are  affected  400%  based  upon  records 
of  rail  renewal.  Ten  years  ago  we  put  in  service  the  new 
line  known  as  the  Lackawanna  Railroad  of  New  Jersey. 
The  maximum  curvature  on  this  line  is  2°,  one-third  of  the 
line  was  laid  with  91-lb.  D.  L.  &  W.  section  rail,  the  remainder 
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wiiii   101-lb.   rail,     All   tii  ated   with   creosote   and 

protected  with  H;it  bottom  screw  Bpike  tie  plates.    Tin 

the  91-lb.  rail,  after  ten  years  ol  Ben  I  small 

the  101-lb.  rail  will  be  relald  next  year  and  II 
to  saj   thai    the  average  lite  ol   the   rail   In  the  line  will   be 

and  one-halt  years.    The  lite  ol  rail  on  •".    mums  on 

other  i>art>  ol   the  road  carrying  thi  ;l"-  does  nol 

average  more  than  -'-  years     0  ons   Railroad 

j  after  ten  yean  pproximatelj    196, 

.    total  placed  ol   200, are  still  In  bi 

Must    of   the   5,000   ti'-s    removed    were   again    used    In    yard 
tracks  as  thej    were  nol   decayed  t>ut   badlj    cul  on  the  - 

0  her  track  material  is  affected  2 ,   or  one 

half  that   applied   to   rail   on   a   basis   thai    D.6W    bars,   1  oils   anil 

Bplkes  are  required  when  rail  is  relald,  whereas  the  Bame  tie- 
plates  can  be  continued  in  Bervice 

nit    218— Ballast    is   affected  ml    of    in 

i  amount  of  ballast  being  required  to  form  a  shoulder 
ami  to  provide  for  the  elevation      There  is  also  a  greater 

n    the    ballast    and    consequently     .i    -holler    111.     o 

count  of  necessar]  additional  tamping. 

Account   -2U— Track   laying   and   surfacing   is  afl 
this  being  a  fair  average  of  the  percentage  applied  to  tics. 
rails,  ballast,  t  tc. 

Accounts  308,  309  and  310-  Steam   locomotive  repairs,  de- 

iii  and  retirement  are  affected  30%  on  the  basis  that 

Bngine  repairs  ami  renewals  is  chargeable 

to  drivers  and  ties  and  this  expense  will  he  at  least  twice  as 

much  on  a  b"  curve  as  on  the  average  alignment. 

Accounts  314,  315,  316,  317,  318  and  319,  Freight  and  Pas- 
senger far  Repairs  Depreciation  and  Retirements  will  be 
affected  20  per  cent. 

Savings  Through  Elimination  of  Rise  and  Fall. — While  sev- 
eral items  of  the  accounts  will  Im  affected  in  a  slight  manner 
by  rise  and  fall,  the  only  one  thai  amounts  to  any  considera- 
ble sum  is  that  of  Fuel  for  Locomotives.  We  have  consid- 
ered this  item  as  50  per  cent  affected  due  to  the  fact  that 
there  is  considerable  loss  when  the  engine  is  working  at 
low   efficiency    while   pulling   a   heavy   load,   say,   at   10   miles 

i   D  SAVINGS  'IK  ii.Al:KS-sru.\UT-HAL.- 
STEAD    CI  T  I'    u.\    ■I'llU'KH'    OK    192U. 

BJSTIM  lTBE 
ue   to  Rrade  reduction — 

Slow  freight    I0449x41x.76    $      321 

66,631.50 

Ira    23,811.75 

Savings  due  to  distance  elimina 

167,264.08 

•  'liminated — 

II 

Savings  due  to  rise  and   fall   eliminated — 

84.550.00 

Dgs  due  to  pusher  miles  eliminated — 

1S8641X.61     102 

31742X.61,  light  engines  Bin]  Elmlra  19 


Total  savings   %     889,978.22 

(22,249,466  60 

n  lb  

count  i         nation  of  riag- 

ol  addil  lonal  third  track  e 

.alu.  1,905,900.00 




%  9.896,015.29 


gain    

TABLE  TJI— SUMMARY  OF  SAV]  DON    ACTUAL  COST 

OF  HANDLING  1920  TRAFFH     OVE1  OFF  AND 

HANDLING    THE    SAME 
TONNAGE  OVER  T LD   LINE. 

Slow    ft  11x2.649     

81x2.649    . ...      -         154 

Binghamton  to  Elmln  I 

liminated — 

660 
i  -..lime  elimlni 

; 



d 
•    |  1H2.228.12 


I 
■ 

inlnatlon    ol 

llnr  140  21 

$12,786,026.46 


per    hour,    also   a    less    due    to    poor    combustion    al    low     speed. 

a  verj   considerable  li id  amount  of  coal  is  necessary 

Lting   at   low   rales  ol   speed.      Further- 
more    steam     is    consumed     and     more    or    less    enem\ 

M  braking  down  the  train  on  descending  grades. 

Summary  of  Savings  to  Be  Expected-  In  ordei  to  appl> 
thi  total  percentages  arrived  al  and  as  shown  in  detail  In 
Table  i.  II  Is  necessar)  to  i  tlmate  the  number  o1  trains 
winch  would  he  required  to  handle  the  1908  business  over 
the  proposed  new  line  and  thu  determine  the  total  train 
miles  saved  per  annum  on  account  ol  reduced  grades  it  is 
likewisi  number  of  pusher  en- 

gine miles  saved. 

The  total  number  of  train  miles  saved  on  account  of  rednc 
tion  in  distance  is  found  by  taking  the  sum  of  all  revenue 
trains  in  both  direction  and  multiplying  this  by  the  number 
oi  miles  the  distance  luced. 

in  figuring  the  total  amounl  saved  on  account  oi  eliminat- 
ing curvature,  the  total  reduction  of  curavture  is  reduced  to 

miles  of  5"  curve.  The  resull  in  miles  is  multiplied  by  t In- 
total  number  of  trains    per  annum. 

Comparison  of  Original  Estimate  and  Actual  Result. — In 
Tables  II  and  ill  will  be  found  the  estimated  savings  for  the 

Clark's  Summit-1  lallstead  Cut-Off  as  compared  with  the  old 
line  based  upon  the  traffic  of  1920  as  estimated  in  1910  and 
the  actual  traffic  tl  I  !  ' '"  The  savings  here  shown  a 
mated  for  1920  are  exactlj  as  figured  in  1910  I  have  hereto- 
fore stated  that  I  bave  revi  ed  some  of  the  percentages  for 
the  various  operating 

The  total  savings  figured  on  1908  business  is  $365,284.04. 
This  saving  capitalize. 1  al  I  per  cent  is  $9,132,101.  The 
actual  cost  of  constructing  the  line  was  (14,259,340.21.  This 
amount  can  be  reduced  bj  one  million  dollars  for  the  cost 
of  eliminating  the  grade  crossings  which  would  have  been 
necessary  had  the  old  line  been  retained;  and  as  a  matter 
of  fact,  had  the  old  line  remained,  it  would  today  be  costing 
the  interest  on  a  million  dollars  for  the  crossing  protei 
which  was  necessary  at  the  time  the  line  was  abandoned. 
The  cost  of  building  a  third  track  on  the  old  line  together 
with    the    credits    for    rail    amounted    to    $905,900,    making    a 

total  credit  of  $1,905,! Therefore,   the  net  savings  to  be 

expected  based  on  1908  business  would  fall  short  of  build- 
ing the  new  line  by  about  $3,221,339. 

One  very  material  advantage  of  the  new  line  which  we 
have  not  attempted  to  estimate  m  dollars  and  cents  is  the 
reduced  time  required  for  freight  trains  on  the  division,  thus 
materially  assisting  to  keep  down  the  overtime.  This  fea- 
ture is  a  very  Important  one  al  the  present  tune  when  over- 
inn,     is   being   paid    at    the    rate   of   time   and    one  ball. 

While  the  new  line  CO!  '  somewhat  more  than  was  originally 
estimated,  it  was  not  anticipated  that  a  tour-track  railroad 
would  be  built  over  anj  portion  of  the  line  and  a  third  track 
was  only  provided  on  the  heavy  grades.  A  very  material 
change  was  also  made  ll  C larks  Summit  where  westbound 
Blow  trains  pass  under  the  main  tracks  ill  order  to  avoid 
crossing  these  track  al  grade  al  the  Summit  as  was  the 
practice  on  the  old  line. 

The  year  1920  cannot  be  considered  a  safe  year  as  a  basis 
for  computing  transportation  costs.  Nevertheless  our  figures 
indicate  that  there  would  till  be  a  wide  margin  in  favor  of 
the  lew  line  it  the  co  I  pet  train  mile  should  be  cut  in  two, 
to  say  nothing  of  In  ifflc  in  the  future. 

In  concluding.  I  wish  to  give  full  credit  to  Division  Engi- 
neers   Doughty    and    Tnllyn.    who    worked    with    me    in    all    the 

computations  and  deserve   much  credit   tor  the  vast  amount 

of    work    which    was   necessary    in   order   to    reach    the    COnclU 

sions.  Also  to  Mr.  Wheaton,  now  Division  Engineer  of  the 
Buffalo  Division,  who  bad  direct  charge  ot  the  construction 
work,     li    is  only  fair  to  Btate  that  the  earlj   discussion 

Ibis    subject    bj     Wellington    and    later    b\     Mr.    l$arr>     in    his 

paper  to  the  American  Rallwaj    Englneei       \    ociation,  were 

■ ,  i.  1 1  ed  to  ami   itudied    i  etail 


Railways  Bureau   Formed  by  Portland   Cement  Association. 

The    Portland    Cement  oi        in    has    just    organised    a 

railways  bureau  at   its  general  office   In  Chicago,     This   new 

will     laciln  available      to      railroad      men 

through   the  '"'   Cement    Association 

i.n   compiling    mthoi  Itatlve  data  ailroad 

of  concrete     D    \   Tomllnson  is  manager  of  the  bureau, 
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Motor    Truck    Haulage    on    750,000 
Cubic  Yds.  Rock  Excavation  Job 

\  fleet  of  20  motor  trucks  is  being  by  th 

Coddington  Engineering  Co.  on  its  coi  ror  the  $8,500,000 

power   extension    development   ol   th  Falls    Power 

Co.  ol   Niagara  Kails.  N.  v.    The  woi  tl xcava 

Uon  and  baullng  ol  nearly  760. yd.  «        ck. 

The  project  rails  tor  a  4,300-ft.  tunnel  to  convej  water 
from  Niagara  River  above  the  falls  to  company's  power 

house  A  Ian-shaped  inlet  sloping  to  i  ptb  ol  70  ft.  and 
a  rectangular  outlet,  or  torebay,  so  ft  deep  are  a(  either 
end  of  the  tunnel.  Trisecting  the  tunnel  arc  two  shafts,  10 
tt.  wide,  3«  ft.  long  and  145  tl    deep      I  the  inlet. 

the  outlet  and  the  tunnel  are  being  blasted  oul  ol  solid 
limestone. 

Excavation  was  started  April  25,  1921  itltlet,  where 

,„      yd.,    place     measurement  tig     removed. 

At  the  end  of  six  months  about  45,000  cu.  yd.  had  been 
excavated.  In  the  meantime,  the  two  tunnel  shafts  and 
ihe  inlet  excavations  were  under  way.  An  average  of  10 
trucks  served  the  shovel  and  cranes  at  the  outlet,  the  re- 
mainder of  the  fleet  being  used  at  the  other  points 

It  was  soon  found  that  at  the  speed  with  which  the  trucks 
operated,  the  steam  shovel  could  serve  as  high  as  twelve 
trucks,  although  at  times  only  ten  were  IS'  d  The  haul  is 
2  miles.  Each  truck  makes  from  11  to  13  trips  a  day,  so 
that  an  average  of  135  or  140  loads  are  removed  daily. 
About  two   solid  yards  are  loaded  each   time. 

The  trucks  are  Pierce  Arrow  5-ton  dual-valve  trucks, 
equipped  with  4-yd.  dump  bodies  with  new  horizontal  type  of 
power  hoist. 

Steel  bodies  are  being  used,  and  to  brace  them  against 
the  shock  of  loading,  35-lb.  steel  rails — four  in  number — 
were  fastened  to  the  bed  of  the  bodies.  The  steel  rails  like- 
wise facilitate  dumping,  the  load  sliding  off  from  them 
ea<ily. 

Operation  soon  revealed  several  practical  features  which 
speeded  up  the  truck  work.  For  instance,  tail  gates  were 
dispensed  with,  for  it  was  found  that  a  full  load  could  be 
carried  by  pilling  it  at  the  forward  end  of  the  body  Thus 
no  time  is  lost  in  fastening  or  unfastening  the  tail  gate  locks. 
Moreover,  the  steam  shovel  operator  works  with  greater 
freedom,  for  there  is  no  danger  of  damaging  the  tail  gates 
with  the  shovel. 

Another  arrangement  that  has  resulted  in  an  economy  of 
time  and  fuel  is  the  method  used  in  constructing  the  incline. 
To  climb  out  of  the  pit  the  trucks  ascend  a  short  ramp  which 
has  a  grade  of  20  per  cent.     This  is  done,  of  (nurse.   In  low 


m 


ttL» 


The  truck  on  the  incline  leading  out  of  the  outlet  excavation 
is  halfway  up  the  12  per  cent  grade  which  leads  onto  "the  level 
spot"  shown  In  the  extreme  left  of  the  picture.  On  this  level 
the  drive  shifts  Into  a  higher  gear  to  make  a  more  rapid  and 
economical  ascent  of  the  10  per  cent  grade  which  completes  the 
truck's   ascent. 

gear.  For  a  short  distance,  the  climb  is  one  of  12  per  cent 
which  levels  out  for  30  ft.  into  a  grade  of  only  a  few  per  cent. 
This  gives  the  driver  ample  opportunity  to  shift  from  low- 
to  second  gear  preparatory  to  the  final  250-ft.  climb  of  10 
per  cent.  In  other  words,  a  "gear-shift  level"  enables  the 
trucks  to  gain  headway  sufficient  to  make  a  faster  ascent 
with  a  smaller  expenditure  of  fuel. 


To  keep  the  trucks  in  adjustment  and  to  facilitate  emer 
gene;  repairs,  a  chiel  mechanic  and  assistant  are  employed. 
Close  attention  is  given  to  lubrication,  it  being  the  sole 
duty  of  one  man  to  grease  and  oil  the  i  bassis  systematically. 

At  the  inlet  the  work  is  being  done  behind  a  coffer  dam 
which  locks  oul  the  river.  About  50,000  CU.  yd.  of  limestone, 
place  measurement,   are    belni     rem< 

\  -roup  ot  tour  or  live  trucks  i-  >n  the  shafts 

which  will  pierce  the  tunnel.  These  trucks  are  worked 
double  shifts  most  of  the  time.  From  the  two  shafts  about 
3,000  cu.  yd.  of  material  are  being  removed.  The  material  is 
hoisted  in  a  bucket  which  drops  a   full  load   into  a  truck. 

All  the  material  from  the  tunnel   likewise   will   be  hoisted 


During  noon  hour  the  surface  of  the  outlet  Incline  Is  frequently 
touched  up.  A  load  of  screenings  is  being  dumped.  The  qrade 
at  the  extreme  right  of  the  picture,  where  a  sh;irp  turn  is  made.  Is 
20  per  cent  for  a  short  distance.  The  picture  also  shows  how  the 
truck    bodies   are   reinforced   with   steel   rail. 

through  the  shafts  with  the  exception  of  that  which  is  being 
blasted  from  the  tunnel  intake  and  outlet.  The  intake  and 
outlet  are  bell-shaped,  narrowing  from  a  diameter  of  50  ft.  to 
36  ft.,  excavation  measurements.  The  actual  diameter  of  the 
tunnel  when  lined  will  be  32  ft. 


Record  Construction  Activity  in  December 

December  building  contracts  in  the  27  Northeastern  States 
of  the  country,  as  reported  by  the  F.  W.  Dodge  Co..  amounted 
to  more  than  for  any  previous  December,  with  the  exception 
of  December.  1919.  The  total  amount  of  these  contracts  was 
$198,518.(10(1.  an  increase  of  :!  per  cent  over  the  November 
figure,  whereas  December  usually  shows  a  decline  from 
November.  The  closing  month  of  1921  showed  an  increase 
of  98  per  cent  over  the  corresponding  month  of  1920.  The 
total  amount  of  construction  contracts  let  during  1921  was 
$2,359,018,000.  only  8  per  cent  under  the  1920  total.  The 
predominating  factor  in  the  year's  program  was  residential 
building,  which  amounted  to  $880,052,000,  which  was  37  per 
cent  of  the  1921  total,  and  represented  an  increase  of  54  per 
cent  over  1920  residential  construction.  Public  works  and 
utilities  took  second  place,  amounting  to  $459,148,000,  or  19 
per  cent  of  the  year's  total.  Other  important  items  were: 
Business  buildings,  $336,920.01)0.  or  14  per  cent;  educational 
buildings.  $242,562,000,  or  10  per  cent  (this  figure  represent- 
ing a  very  considerable  increase  in  a  number  of  projects  and 
in  total  value  over  19201;  and  industrial  buildings,  $173,325,- 
000,  or  7  per  cent  of  the  year's  total. 


Detection  of  Leakage  from  Air  Lines. —  In  co-operation  with 
a   shipyard    when  used    tor   cutting   and   welding 

is  distributed  under  pressure  through  a  long  system  of  pipes 
tests  have  been  made  by  the  I'  S.  Bureau  of  Mines  to  deter 
mine  the  feasibility  of  using  a  stench  for  detecting  and  elim 
inating  leakage  of  the  expensive  oxygen.  It  was  recom 
mended  that  a  stench  such  as  thyl  mercaptan.  amyl  acetate 
or  phenyl  isocyanide  be  applied  in  the  distributing  line  at  a 
pressure  of  30  lb.,  sagreater  danger  of  ignition  or  explosion 
exists  if  application  is  made  in  the  high-pressure  line  at  the 
compressors.  In  experimental  tests,  on  stench-warning  sys- 
tems recently  installed  on  compressed-air  lines  at  various 
metal  mines,  the  warnings  have  been  distributed  among 
distant  workings  in  2%  to  10  minutes,  but  no  occasion  has 
occurred  thus  far  for  using  a  stench  for  a  necessary  warning. 
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Methods  of   Lining    St.    Paul    Pass 
Tunnel  of  C.  M.  &  St.  P.  Ry. 

Interesting  tunnels  on  tl 

Milwaukee  £  SI    Paul  Ry.  is  the  St 

Paul   Pass  tunnel  at   the  summit   ol   the   Bitter   Root    Moun- 

the  boundary  line  between  Montana  and  Idaho     This 

tunnel   Is  s.TTi   ft.  long,  and  with  the  exception  ol   1.300  ft. 

tion,  was  timber  lis  tarted 

with  the  driving  of  the  heading  '  portal  on 

d  at  the  west  portal  <>n  Aug.  18,  1907.    The  last  bencb 

,   1907,  and  the  west   bencb   in  Jan 

uary,   1908      The  headings  met   on    Feb    9,   1909,   at   station 

rod  the  benches  on  March   I,  1909,  at  station  43+24. 

Short!]  after  the  completion  of  the  tunm  ;  the  two  portals  and 

five  short  Interior  sections,  amounting  In  all  to  7.".:'.  ft.,  were 

lined  with  concrete.    This  concreting  was  done  between  July, 

rod  October,  1910.     Five  years  later  the  railway  began 

lining   the   remaining  8,018   ft.   of   tunnel       An   interesting  ac- 

ot  how  the  concreting  was  handled  was 
I"    Drbutt  and  S.  H.  George  in  a  paper  presented  Oct.  19  at 
the   annual    meeting   of    the    American    Railway    Bridge   and 
Building  Association.     An  abstract   of  the  paper  follows. 

lining  was  started  on  June  20,  1916,  and  completed  on 

1916.     ('.routing  was  started  with  one  car  on  Sept.  30, 

1916,  a  second  car  started  on  Oct.  18.  1916.  and  a  third  car 

ed   on  Oct.  30,  1916.     The  work   was  completed  on   Feb. 

l".  1917 

Construction  Camps  Located  at  Tunnel  Portals.— The  east 
portal  was  on  a  comparatively  flat  hillside  and  there  was  suf- 
ficient room  for  the  erection  of  the  plant  and  camp.  The 
most   bi  tide   was   the   han  now    water 

creek  that  discharged  just  above  the  portal  and  made  neces- 
sary the  construction  of  a  flume  to  handle  the  water  to  per- 
mit the  efficient  handling  of  the  equipment  situated  under  the 
snow  shed  at  the  portal. 

The  topography  adjacent  to  the  west  portal  was  bad,  be- 
ing on  a  steep  mountain  side  and  with  an  approach  cut  that 
materially  hampered  the  installation  of  material  handling 
equipment  and  caused  many  delays  by  being  easily  blocked 
with  snow  during  the  winter  months.  The  west  portal  of  the 
tunnel  is  about  400  ft.  in  an  approach  cut.  The  camp  site 
:  the  side  of  a  side-hill  fill,  making  it  neces- 
sary to  support  the  camp  buildings,  bunkhouses.  dining  room, 
etc,  on  bents,  some  exceeding  50  ft.  in  height.  The  power 
plant  was  located  about  1,500  ft.  from  the  portal  and  on  the 
up-hill  side  of  the  tracks. 

From  the  apex  of  the  grade  at  the  summit   at  about  the 

center  of  the  tunnel  the  grade  sloped  both  ways  on  0.2  per 

to   each   portal.      The    tunnel    is    on    tangent   except   for 

47"  ft.  of  10  deg.  curve  at  the  west  end  and  a  10  deg.  ap- 

curve  ^44  ft.  long  through  the  snow  shed  at  the  east 

end.     The  tunnel  is  single  track. 

Condition    of    Old    Timber    Lining.     Whin    the    tunnel    was 
driven   in   1907-1909  all  except  1.300  ft.  about  1,000  ft.  from 
irtal  was  timber  lined,  full  lagged  and  packed,  as 
there  was  considi  i  Teak  due  to  the  fact  that  the 

l   a   30  deg.   dip   to   the   horizontal   and   was   inter- 
Ith  water-hearing  tale  seams.     During  the  intervening 
years  some  of  the  timber  was  displaced  Blightly  by  pressure 
celling  and  as  thi  teps  had  to 

be  taken  to  dry  the  roof  to  permit  electrification.     That  pri- 
marily use  for  starting  the  work,  although  a  few 
more   would   have   made  concrete   lining   necessary   on 

work 

of   the   untimbered 

decided  to  concrete  the  roof,  supporting 

'••in  of  columns  and   girdi  ol   was 

at  falls  of  an  nich  were  loosened 

'    and    fell,    dUI 

bed  before. 

">sit  of  natural  gr,.  uerete 

■ ' i i n  100  miles,  cement  mills  w<  r  1th in 

. ,:  bin  100  miles.    <  >■••■  ing  to  thei 

■ 
nsldered  the  most  economical  at 
■  amount  of  speed  in  completing  the  work. 
al   timbering  was  set  for  an  18-ft.,  6-ln.  section 


and  tin-  concrete  section   was  made   16  n    6  in.   wide,  allow 

'   in  front  of  the  timbers  with  three  feet   between 

the  timber  sets,  which  were  on  four  toot  centers     To  strength 

en  the  section  at  the  connection  with  the  footings  a  slight 

narrowing     was    made     between     Stations    9+08    and     $5  +  05. 

Due  to  the  fact  thai  the  timbers  were   pressed  to- 

wards the  center  sh^h;,  ends  of  'he  tunnel  a  sec- 

tion  is  it    wide  was   used   to  prevent  cutting  the  timber  to 
e  thinness  and  also  to  give  a  full  foot  in  front  of  the 
This   section    was   used    betwi  portal   and 

station  9  :  es  and  between  the  we  I  portal  and  Station '86+06. 
The  formation  in  the  unl  ction  permitted  the  fall 

of  small  Mones  and  ction  was  all  that  was  needed 

to  prevent  these  falls  \  full  section  would  have  taken  con- 
siderable concrete.  -lowed  up  the  completion  of 
the   work,  and   in  addition    VOUld   have  added    much  to  thl 

'  of  the  project.  It  was  decided  to  construct  a  series 
of  columns  ami  reh  terete  girders  to  support  the 
rool  The  limit  loads  on  th lumns  and  girders  were  con- 
sidered as  existing  at  the  time  the  arch  was  completed  and 
te  green.  After  thi  concrete  was  set  it  was  figured 
that  the  irregular!!  roof  would  furnish  sufficient 
hearing  to  hold  the  In;" I 

Traffic  Through  the  Tunnel.     Traffic  through  the  tunnel  was 
and  although  continuous  operation  was  attempted  the 
machines   worked  bVJ  ill    of  the   time.     All   locomo- 

tives  passing  through  the  tunnel  were  oil-burning  and  much 
trouble  was  experlenci  ind  delays  suffered,  due  to  thi 
that  the  tunnel  did  not  clear  well  and  the  gas  C.  O.  caused 
by  incomplete  combustion  of  the  oil  often  caused  a  cessation 
of  the  work,  as  the  men  were  unable  to  stand  up  under  the 
air  conditions.  The  tunnel  cleared  well  on  clear  days,  air 
going  to  the  east  in  the  morning  and  to  the  west  in  the  after- 
noon, this  being  caused  bj  the  3UU  striking  and  warming  the 
air  on  the  east  slope  in  the  morning  and  the  west  slope  in 
the  afternoon.  During  rain  or  snow  storms  the  air  would 
drift  hack  and  forth,  following  the  movement  of  trains,  but 
the  tunnel  would  not  clear  entirely.  A  system  of  ventilation 
was  tried  out,  but  with  the  power  available  the  effects  were 
not  noticeable  beyond  a  thousand  feet  from  the  portal,  and 
the  results  obtained  cannot  be  considered  satisfai 

Water  Supply  and   Light  for  the   Construction   Plant. — The 
topography   at  the  west    i  uch   that  the   plant    was 

spread  out  and  located  on  a  side  hill  with  little  or  no  room 
tor  the  storage  of  construction  materials.  A  water  supply 
was  obtained  from  creeks  running  over  the  portals  at  both 
the  east  and  west  ends  The  water  was  melted  snow,  es- 
pecially suited  for  boiler  and  domestic  purposes,  and  sufficient 
pressure  was  obtained  by  building  small  dams  some  distances 
above  the  portals  and  conveying  the  water  to  the  camps  by 
pipe  lines.  Water  for  the  mixers  was  obtained  from  the  tun- 
nel ditches  and  as  thi  discharge  of  over  a  second  foot 
there  was  always  sufficient   water  available. 

Light  was  furnished  bj  a  generator  in  the  power  house,  76 
k.  w.  d.  c.  500-volt  with  a  split  circuit,  so  that  the  voltage  in 
the  tunnel  and  camps  was  250.  Considerable  trouble  was 
experienced  in  maintaining  the  lights  in  the  tunnel  due  to 
short  circuits  caused  by  ex<  es!  ive  water  and  to  breaks  caused 
by  moving  forms,  etc.  On  clear  days  the  lighting  system. 
which  consisted  of  60-watt  lamps  every  20  ft.,  was  very  ef- 
fective, the  usefulness  being  in  direct  ratio  to  the  amount  of 
and  steam  in   tin-   tunnel. 

Little  or  no  time  row  ding  ground.     Places 

that  were  crowding  were  bled  in  advance  of  the  lining  work 
and   were  em  ol    regular   section   when   the  lining 

I  that  point.  Thi  rool  pressure  between  Station 
43  +  70  and  44+06  and  between  Stations  58  +  75  and  59+27 
necessitated  the  removal  of  47  sets  of  arch  segment  timbers 
and  33  extra  sidewall  posts  and  the  placing  of  34  steel  arches, 
each  designed   to  fit  in   from    held   measurements. 

As  the  equipment  was  Btored  on  sidings  below  the  camp 
and  men  invariably  rode  the  mixer  trains  in  and  out,  not 
much  time  was  lost  due  t"  going  and  coming  from  camp, 
ters  ami  helper  work  o|  on  the  forms  used  about  16 
minutes  on  each  of  the  in  and  out  hound  trips  when  walking. 
Inning  the  season  of  1916  17  the  last  snow  storm  occurred 
mi  June  20  and  the  first  on  Aug  28,  and  during  the  month  of 
February  there  was  snov  I  height  of  16  ft.  around 

the  camp  and  portals.     This   made  it  necessary  to  clear  the 
daily  for  the  rotary  plows,  and  to  cut  retreats  in  the 
snow    banks  to   permit    men   to   walk  the  tracks  and  have  a 
place  '■>  get  in  the  ,  lear     i  trains.    During  the  winter  months. 
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it   was  often  to  stop  «  oi  is  oi  I  unnel  and   put 

ail   men  to  handling  snow    to  free  eep  the 

n  for  traffic. 

How  the  Aggregate  Was  Handled.     All        ncrete  aggri 

was  bank-run  gravel  from  Frenchtown,  Grave]  loaded 

late  in  the  season  and  covered   bj    rail  now    In   transit 

arrived  al  the  tunnel  In  a  fro  it   was  thawed 

am   points  and  transferred  to  bin  or  pile, 

both   of   which   had   a   Bystem   of   steam  I  aep   the 

1   warm.     Regardless  of  this  tact 
the  loading  of  frozen  material  were  trequ     I       i   mperature 
re  moat,  very  dry  and  hot  in  the  summer  and  cold 
with   high  winds  and  30J  below  zero   in   i 

About  300  ft.  from  the  west  portal  and  outh  side  Of 

the  track  there  was  placed  a  guy  derrick  with  a  66-fl    boom. 
This  operated  across  the  main  lino,  union!:       gravel  oars  to 

listeria)  bin  located  on  a  Bide   trai  '         i    north  of  the 
line  or  to  the  gravel  storage  pile  located  on  the  side 
hill    south   of   the   track    between    tlo     den   Ck    and    the    portal. 
lamsbell    bucket    used    with    the    guy    derrick    v. 

rtei  yard  capacity  and  could  unload  a  maximum  of 
.•ii  Haskell  and  Barker  cars  per  day.  The  crew  on  this  un- 
loading outfit  consisted  of  an  engineer  who  handled  the 
clamshell  bucket  and  the  swinging  of  the  boom  with  a  Dake 

ing    gear,   and   two   men    in   the   cars    who   cleaned   the 

aa  tie-  unloading  progressed.  The  material  bin  was 
built  over  the  side  track  and  at  an  elevation  sufficiently  high 
to  permit  of  the  passing  of  the  hopper  cars  beneath  it  for 
loading,    and   also   to   permit   the   movement   of  ordinary    box 

loaded  with  lumber  and  cement.    The  bin  hail  a  rapacity 

0  on.  yd.  with  a  hopper  bottom  sloping  to  two  slide  gate 
discharge  openings.  The  sides  of  the  bin  were  piped  for 
steam  heal  and  this  was  used  during  cold  weather,  steam 
being  supplied  by  a  hoisting  engine  boiler  set  up  near  the 
bin. 

Concreting  the  Footing. — In  the  rock  section  where  no  tim- 
bering was  necessary  and  the  roof  was  lined  as  previously 
stated,  the  standard  section  footing  was  used.  The  water 
was  cut  across  the  tunnel  and  the  section  cleared  to  rock. 
The  forms  were  placed  with  column  templates  and  concrete 
poured.  The  footing  contained  a  gutter  section.  Where  the 
tunnel  was  timbered  the  excavation  was  carried  to  rock  in 
front  of  the  timbers  and  where  possible  the  space  back  of 
the  sill  was  cleaned.  The  forms  were  then  set  and  concrete 
poured.  In  case  of  side  pressure  and  struts,  the  footing  was 
placed  in  small  sections  and  the  strut  and  footing  sections 
poured  together.     Where  there  was  a  slight  pressure  but  not 

.iered  sufficient  to  warrant  struts,  temporary  timber 
struts  were  placed  between  the  sills,  the  entire  section  was 
poured  and  the  timber  was  cut  off  at  the  face  of  tie  footing 
when  the  concrete  had  set.  The  rock  bottom  was  roug 
there  was  sufficient  bond  between  the  concrete  and  the  rock 
to  prevent  any  slip  of  the  footing  after  the  concrete  had 
Footings  were  built  ahead  of  the  rest  of  the  work.  The  top 
of  the  footing  was  keyed  and  dowelled  for  the  side  walls 
and  the  part  projecting  beyond  the  face  of  the  side  wall  was 
faced  and  made  smooth  to  grade  and  was  used  for  moving 
and  placing  the  section  forms.  No  inverts  were  considered 
necessary. 

Car  Mixer  Plant. — For  concreting  the  footings  and  tlo  Ide 
np  to  about  4  ft.  above  the  spring  line  a  mixer  was  de- 
signed in  the  Chicago  office.  This  machine  worked  very 
successfully  and  it  was  possible  to  get  material  to  the  ma- 
chine by  attaching  not  over  two  hopper  i 
and  side  wall  machine  usually  consisted  of  the  mixer  and 
two  hopper  cars,  and  as  a  rule  there  was  not  sufficient  time 
between  trains  to  use  all  of  the  material  loaded.  Cement 
was  loaded  on  a  car  in  front  of  the  mixer  from  a  storage 
house  outside  the  tunnel  during  the  time  the  outfit  was  out- 
side waiting  for  trains  to  pass  through  the  tunnel.  This 
machine,  called  the  "side  wall  machine."  is  shown  in  one  of 
the  photographs,  one  of  the  gravel  hopper  cars  appearing  at 
the  left  and  the  cement  car  at  the  right. 

The  arch  was  concreted  by  a  high  car  built  on  the  job.  An 
ordinary  mixer  housed  on  a  flat  car  with  a  hoist  that  carried 
the  concrete  to  the  top  of  the  car,  where  it  was  dumped  and 
snoveled  into  the  arch.  Full  section  lagging  was  used  up  to 
the  key  when  three-foot  sections  were  used  and  concrete 
rammed  in  place. 

The  building  housing  the  power  plant  at  the  west  end  at 
Roland,  Idaho,  was  of  wooden  frame  lined  with  sheet  iron 
and  erected   from   material  used  on   a  power  house  on   Sno- 


qualmle    tunnel.      Foui     I  ei    locomotive    type    oil 

burning  boilers  were  Installed  together  with  four  air  com 
pressors  2  l.aidlow  Dunn  Gordon  duplex,  each  1,030  cu,  it 
per  min  ;   1  Ingersoll  Rand  Btralght  cu:  ft    per  min„ 

and  1  75  k.  w.  D.  I 

The  power   plant   at    th  at    Ea  I    Portal;    Mont.. 

id    on.-    1 25  in  >i   epow  i  i>  pe   mi    i"i 

boiler  and  one   tngei   oil   R i  straight   line  air  compi 

with  a  cap.ieit'.   of  525  en.  u    pi 

The  plant  was  under  continuous  operation  ami  caused  lit 
tie  or  no  trouble;   watei    cond  il   and  the  me- 

chanical condition  of  the  equipment  was  good  througho 
work. 

Tunnel  Lining  With  Pneumatic  Mixer.  The  limn,  ol  th( 
tunnel  at  either  end  and  of  I  300  it  of  the  rock  Bectlon  ol 
the  arch  was  placed  by  air.  a  typi  \  pneu  r,  pur- 
chased from  the   Pneumatic   Plai   n     I   Ww    York 

used.  This  mixer  was  first  located  at  the  Roland  end  of  the 
tunnel  and  after  1,074  ft.  of  the  we  I  end  bad  been  lined,  It 
was  removed  to  the  oast  portal,  from  which  set-up  1,089.5 
ft.  of  the  east  end  was  lined.  The  plant  was  located  as  near 
the  portals  as  possible  in  both  cases.  After  the  ends  hail 
been  lined  this  mixer  was  installed  on  a  spoeialh  de 
car,  and  used  to  concrete  the  arch  in  1,300  ft.  of  rock  section. 
The  conveyor  pipe  was  S  in.  in  diameter,  connected  with  8- 
hole  bolted  flanges  screwed  to  the  pipe.  This  pipe  was  laid 
along  the  floor  of  the  tunnel  just  inside  the  gutter  line  and 
was  carried  up  to  the  roof  ami  over  to  the  center  line  of  the 
tunnel  by  means  of  three  -hurt  pieces  of  pipe  and  four  45- 
deg.  elbows.  These  elbows  were  subject  to  a  great  deal  of 
wear  and  it  was  necessary  to  renew  them  frequently.  A 
great  deal  of  difficulty  was  experienced  with  the  elbow 
flanges.  The  impact  of  the  concrete  against  the  elbow  caused 
these  flanges  to  crack,  necessitating  the  use  of  extra  heavy 
hydraulic  flanges  for  the  discharge  pipe.  A  great  deal  of 
care  was  necessary  in  supporting  and  bracing  the  discharge 
pipe  to  the  tunnel  timbers.  The  plant  serving  the  pneumatii 
mixer  was  very  similar  at  both  ends  of  the  tunnel  It  con- 
sisted of  a  gravity  feed  gravel  bin,  filled  directly  from  cars 
by  a  clamshell  operated  from  a  stiff  leg  derrick.  The  gravel 
fed  from  the  hopper  directly  into  a  measuring  bin.  in  which 
the  cement  was  added  and  from  which  it  fed  directly  into  the 
top  of  the  pneumatic  mixer  by  gravity.  The  water  was  added 
at  the  time  the  mixer  was  being  filled.  Care  was  necessary 
at  all  times  to  watch  the  gravel  carefully  for  large  sized 
stones.  Anything  over  four  inches  was  very  liable  to  plug 
the  pipe.  This  trouble  was  mainly  overcome  at  the  source 
by  the  installation  of  screens  at  the  gravel  pit  at  Frenchtown, 
Mont. 

The  fact  that  the  pneumatic  mixer  discharged  at  the  roof 
on  the  center  line  of  the  tunnel  necessitated  setting  up  and 
filling  both  the  side  wall  and  arm  forms  at  one  operation  It 
was  occasionally  impossible,  however,  to  complete  the  filling 
of  a  form  at  one  operation  on  account  of  the  speed  with 
which  the  concrete  was  discharged,  causing  the  form  to 
spring  at  about  the  spring  line.  When  the  form  showed 
signs  of  springing,  work  was  discontinued  and  connections 
were  made  at  another  form  until  the  concrete  in  die  first 
form  had  set  sufficiently  to  allow  the  continuation  of  filling 
to  completion.  There  were  six  complete  sets  of  forms  in 
use,  with  a  discharge  pipe  for  each  form,  which  was  con- 
nected and  disconm  .ted  from  the  main  supply  pipe  on  the 
floor  of  the  tunnel,  which  extended  the  full  length  of  the 
portion  being  lined.  This,  of  course,  saved  a  great  deal  of 
delay  since  when  one  form  was  completed  it  was  only  neces- 
sary to  disconnect  the  discharge  pipe  and  make  connection 
at  another  form.  The  discharge  pipes  were  supported  from 
the  roof  of  the  tunnel  and  moved  ahead  with  each  form. 

Operating  Data  for  Pneumatic  Mixer. — Considerable  ex- 
perimenting was  done  with  this  mixer.  The  speed  attained 
varied  according  to  the  distance.  On  one  form  located  700  ft. 
from  the  mixer  a  batch  was  shot  at  intervals  of  1  minute 
and  17  seconds  for  a  total  time  of  3  hours  and  20  minutes, 
this  being  at  the  rate  of  13.45  cu.  yd.  per  hour.  On  another 
form  13.22  cu.  yd.  was  deposited  per  hour  for  4  hours  and  45 
minutes,  or  at  the  rate  of  a  batch  every  minute  and  49  sec- 
onds. At 'longer  distances  the  speed  was  greatly  lowered, 
however,  under  the  first  method  used  whereby  each  batch 
was  shot  through  to  the  form  before  another  batch  entered 
the  pipe.  At  a  distance  of  1,000  ft.  from  the  mixer,  by  this 
method  of  entirely  clearing  the  pipe  of  the  charge,  it  was 
necessary  to  hold  the  air  on  the  mixer  until  the  mixer  dial 
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dropped  to  16  lb.     This  resulted  in  a  lai  itr  and 

ix  minutes  per  batch,  two  minutes  ol  which  was 
required  to  Mow  the  batch,  thus  reducing  the  .in  pressure  to 
«;:.  lb.  and  three  minutes  to  build  up  the  air  pressure  to  106 
lb.,  necessary  tor  successful  operation  B)  experimenting 
the  method  of  not   entlrelj    clearln  batch 

mother  was  started  was  used  successfully,  resulting  In 
;i   batch  every   two  minutes  al    a   distance  ol    1,000 
this   two  minutes,  4"   seconds   was   required   In   blowing  the 
batch,   the   mixer  air  dial  dropping   to  36   H>.  while   the   main 

.  e  dropped  to  onlj   86  or  90  lb,     it  then  requii 
minute  and   twenty    seconds   to  build   up   the   air   pressure   to 

again  ready   for  another  shot. 

The  results  obtained  with  the  pneumatic  mixer  were  ?ery 
satisfactory,  both  when  located  ■<<  the  portals  and  on  the 
car.  The  concrete  was  very  dense  and  it  was  possible  to 
Obtain  a  much  more  dense  ami  impervious  roof  than  when 
placd    by    hand.      The    most    essential    feature    is    the    plant. 

There  must  he  an  abundance  ol  i  and  Btorage  capacity. 
The  traffic  delays  with  the  pneumatic  car.  which  were  the 
■only  delays  •  were  much  more  than  the  combined 

delays  of  the  mixer  at  the  portals,  amounting  to  about  78 
per  cent  in  the  former,  as  compared  with  about  60  per  cent 
in  the  latter.  Of  this  60  per  cent  it  will  be  noted  that  the 
greater  part   was  on  account   of   pipe  delays. 

The  Forms.— Wooden  forms  were  used  throughout.  The 
length  of  the  section  was  20  ft.  The  side  wall  forms  carried 
oncrete  to  about  4  ft.  above  tie-  spring  line.  The  forms 
were  braced  strongly  at  the  bus.-  bj  si  ruts  across  the  tunnel 
■and  against  stakes  driven  into  the  ballast.  They  were  tied 
to  the  tunnel  timbering  bj  mean  of  wires  connecting  with 
butterflies  to  bolts  in  the  form.  The  forms  were  moved 
ahead  by  means  of  steel  rollers  placed  on  the  floor  of  the 
gutter.  About  four  hours  was  consumed  by  five  men  in 
taking  down,  moving  and  setting  up  a  pair  of  wooden  forms. 
When  forms  were  to  be  moved  for  a  considerable  distal  ce 
in  the  tunnel  a  form  moving  car  was  used.  The  car  was 
easily  and  quickly  operated.  The  record  time  for  moving 
one  pair  of  forms  for  a  distance  of  4,000  ft.  from  the  time 
the  form  moving  car  was  spotted  at  the  form  with  the  loco- 
motive attached,  until  the  form  was  secured  at  the  new 
location  and  the  work  train  engine  and  car  had  cleared  the 
tunnel  was  35  minutes.  A  total  of  16  forms  were  in  use, 
spaced  at  convenient  distances  throughout  the  section  of  the 
tunnel,  which  was  being  lined  at  one  time,  usually  about  400 
ft.  apart.  The  walls  were  poured  to  the  top  of  the  side  wall 
forms  4  ft.  above  the  spring  line  in  advance  of  the  arch, 
which  was  placed  and  poured  after  the  side  wall  concrete 
had  set  and  the  form  moved,  except  where  pneumatic  mixer 
was  used,  where  the  side  walls  and  arch  were  both  poured 
at  the  same  time.  The  arch  sections  were  20  ft.  long,  the 
same  as  the  side  wall  sections.  Generally  48  hours  were 
allowed  before  the  forms  were  broken  loose  but  in  cases  of 
need  this  was  reduced  occasionally  to  18  hours.  No  trouble 
xperieneed  with  the  concrete  sticking  to  the  forms. 
In  all  cases,  the  side  wall  forms  were  moved  as  a  unit,  inde- 
pendently of  the  arch.  The  arch  form  was  not  moved  as  a 
unit,  but  was  collapsed  and  assembled  at  each  set-up. 

Grouting  Tunnel. — The  entire  tunnel  was  grouted.  The 
Ransome  Cannlffe  grout  mixer  was  used.  Six  of  these  ma- 
chines   were   arranged    in    batt.  o   to   a   car.     The 

machines  were  Installed  on  an  ordinary  Hat  car,  one  at  each 
end.  with  material  bins  in  the  center.     The  sand  was  shipped 
from    Beverly,    Wash.,   and    was    sacked    in    cement   sacks    at 
the   tunnel  before  being  loaded   into  the  car.     The   grouting 
' aced  by  compressed  air  at  a  pressure  of  100  lb.  per  so.. 
In.,  received   from   the  main  line  on  the   floor  of  the  tunnel, 
•  Ing    provided    at    proper    intervals    for    connection    to 
ter.     Water  was  received   in   like   manner  from   a   water 
Inch  was  carried  the  entire  length  of  the  tunnel.     The 
•inections   were   made  with   2-in     flexible   air   bo 
2  in.   pipes  with   the  lower  end    tlm  group  pipe 

lion  were  placed  in  the  arch  at  intervals  varying 
from  4  ft.  to  20  ft.,  depending  upon  conditions.  Some  of 
these  pipes  were  placed  in  the  form  befor.  ete  was 

d,  but  they  were  apt  to  become  plugged  or  dislodged 
«luring  the  concreting,  and  for  the  greater  pan  of  the 
these  pipes  were  placed  after  the  concrete  had  set.  The 
ivere  drilled  by  an  air  drill  and  the  pipes  driven  to 
n  A  flexible  2-in.  air  hose  conne,  ted  tie  grout  machine 
with  the  grout  pipe  In  the  roof  of  the  tunnel.  At  the  begin- 
ning   nf    grouting    the    mixture    used    was    one-half    sack    of 


o  one  sack  Ol   0.9  CUbil   feet  of  sand.     This  was  later 
d    to  en,  third   sacs   ol    cement    to  one  sack  of  sand, 
equalling   30  batch.  faii.     The  total  quantity  of 

grout    pla.e. 1    in   the   tunnel    was   8,768  cu.  yd,  equalling   1.66   I 
en.  yd.  per  lineal  foot  ol  tunnel  exclusive  of  the  rock  section, 
in   which   it   was  only   found   necessary  to  place  about  50  cu. 
yd.  oi,  account   of  the   dryness  ami  the  density  of  the  con- 
crete, which  was  place. I  bj  the  pneumatic  method. 

There  was  a  \erv  gri  it  difference  in  the  amount  of  grout 
placed    in   the   different    holes.      When   operations   commenced 

't    i «    location  ran   each   way    from    the   hole, 

far  i  The  greatest  number  of  hatches 

shot    in   one   hole   before    ih.'    refusal    point    was   reached   was 

hicli  equals  89  cu.   yd.     The  usual  quantity  necessary 

to  fill  a  hole  to  point    of   refusal,  however,  was   between   15 

and  20  cu.  yd. 

Below  is  a  siniii.i  .  of  the  concrete  yardage  placed  at 
different  locations  by  the  different  machines  for  the  entire 
job,  amounting  to  a  total  of  39,244  cu.  yd. 

Power  house  foundations   88 

•US      

Footings,  tuii  on ...     4.. mi 

on   9<*o 

smits.   b  .111  drain    

Side    walls    ..  

Arches    12,341 

Rock   section  

Rock  section,  girders    

Total     39,271 

The  work  was  in  charge  of  C.  F.  Loweth.  chief  engineer 
Chicago.  Milwaukee  &  St  Paul  Ry.;  E.  O.  Reeder,  assistant 
chief  engineer;  J.  F.  Pinson,  assistant  engineer  from  May 
15,  1915,  to  June  20,  1916;  ('.  F.  Urbutt.  assistant  engineer 
from  June  20,  1916,  to  completion  on  Feb.  1,  1917,  and  S.  H. 
George,  assistant  engineer  from  May  15.  1915,  to  completion 
on  Feb    1,  1917. 


Relation   of  Weight   of   Rail   to   Weight   of 
Locomotive 

In  a  paper  read  Dec.  14  before  the  Maintenance  of  Way 
Club  of  Chicago,  J.  S.  Robinson,  Division  Engineer  of  the  Chi- 
cago &  Northwestern  Ry.,  gave  the  following  information  re- 
garding the  weights  of  rail  and  the  rolling  loads: 

We  know-  that  rolling  loads  passing  over  rails  cause  a  wave 
motion  under  which  the  rails  deteriorate,  and  the  greater  the 
weight  the  greater  the  damage  to  rail.  Without  considering 
the  design  of  the  rail  nor  the  details  of  its  manufacture,  the 
weight  should  be  proportioned  on  heavy  grades  and  curves 
about  as  follows: 

For   road    engines    with  T'.    to 

85-lb.  rail. 

For    road   engines    with    I  I   0,000    lb     en    drivers,    BE    to 

95-lb.  rail 

For   road    engines    with  '10   lb.    on    drivers.    So   to 

100-lb.  rail. 

For  road  engines  with  over  2HO,onn  II.    on    Irlvers,  100-lb.  rail. 

A  freight  engine  with  200.000  lbs.  on  the  drivers  should  re 
quire  not  less  than  95  lbs.  to  the  yd.;  an  engine  with  250,000 
to  300,000  lbs.  or  heavier  on  the  drivers  should  require  a  rail 
of  not  less  than  100  lb.  to  the  yd.  On  easy  grades,  straight 
track  or  light  curves  this  can  be  reduced  5  lb.  per  yd  :  and 
this  rule  applies  to  high  speed  passenger  engines,  although 
they  may  have  leu  weight  on  the  drivers.  In  yds.  where 
the  rail  runs  generally  from  that  used  on  light  lines,  known 
as  second-hand  rail  of  60  to  70  lb.  section,  and  where  the 
switch  engines  have  neither  trailers  nor  pony  trucks,  with 
engines  of  175,000  to  2uo,nno  lb.  on  the  drivers,  the  lead 
tracks  and  turnouts  in  receiving  and  make  up  yds.  should 
be  laid  with  not  smaller  than  90-lb.  rail  and  the  interior 
tracks  with  not  smaller  than  80  lb.  rail.  In  storage  yds 
light  rail  can  he  used. 

We  Know  that  then  are  rails  of  from  60  to  70  lb.  per  yd 
that  are  very  tOUgb  and  will  carry  very  heavy  loads  in  yds.. 
Inn    the   increased    iiiiml  ud    heavier   ballast   used, 

together  with  the  Increased  cost  of  maintenance,  make  it 
mical  to  use  heavier  rail.  Mr.  Robinson  considers  that 
for  switch  engines  ol  '.'0.000  lb.  on  the  drivers.  70  to  75-lb. 
rail  will  be  required  for  leads  and  turnouts,  and  60  to  65-lb. 
rail  for  interior  tracks  For  switch  engines  from  100.000  to 
150,000  lb  on  the  drivers.  80  to  85-lb.  rail  should  be  used  on 
n.l  turnouts  and  7n  to  75-lb.  rail  on  Interior  tracks. 
For  switch  engines  of  150,000  to  200,000  lb.  on  the  drivers, 
th.re  should  be  90-lb.  rail  on  leads  and  turnouts  and  801b. 
rail  in   interior  tracks 
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Preventing    Slides    by     Dynamiting 
Strata 


Sub-     Elements    of    an    Engineer's    Employment 
Contract 


During  the  building  of  the  Kanawha  &  I   Virginia  Ely.'a 

new  line  from  Gauley  Bridge  to  Belva.  V  \ '..  between  Sep 
tember,  1917,  and  June,  1919,  a  bad  slip  occurred  al  Belva 
the  bandllng  and  reliel  of  which  gave  ri  verj  Interesting 

problems.  How  these  problems  were  Bolved  is  described  by 
C.  M.  McVay  in  the  December  issue  oi  the  Railwaj  Main- 
tenance Kngineer,  from  which  the  notes  following  are  taken. 
The  slip  extended  a  distance  of  900  it.  along  the  new 
Une.  The  maximum  depth  of  cut  on  the  ■  enter  line  at  this 
point  "i  the  slide  was  about  30  ft.  and  the  preliminary  sec- 
tions  called   for   22,559   cu.   yd.   of   excavation      When    con- 


400  £00 

Average    Section    Through    Hillside. 

structiuii  work  was  completed,  however,  a  total  of  75,631  cu. 
yd.  had  been  removed. 

It  was  evident  that  the  ordinary  remedies  for  slides,  such 
as  piling,  bulkheads  or  walls,  would  not  hold  or  stop  this 
movement,  as  it  all  came  from  above  and  would  have  covered 
such  structures  in  a  short  time.  The  top  of  a  hard  layer 
of  blue  clay,  soapy  and  impervious  to  water,  extended  six 
to  ten  feet  above  the  new  grade.  The  entire  formation 
above  the  blue  clay  was  a  sandy  yellow  clay  with  about  30 
per  cent  of  boulders  and  loose  rock.  This  formation  was 
very  porous  and  the  water  ran  down  through  it  to  the  blue 
clay  formation  and  then  along  the  top  of  this  to  the  face  of 
the  cut.  The  top  formation  was  loosened  in  this  manner 
and  in  wet  weather  simply  slipped  over  the  blue  clay. 

In  May,  1919,  a  break  was  discovered  about  500  ft.  up 
the  side  of  the  mountain  and  the  entire  section  below  it 
seemed  to  be  moving  towards  the  track.  It  was  then  deter- 
mined to  attempt  a  remedy  by  drilling  through  these  upper 
formations  to  the  solid  rock  and  breaking  up  the  various 
strata  by  explosives  so  that  the  water  would  pass  through 
them  rather  than  flow  toward  the  face  of  the  cut.  A  4-in. 
"Cyclone"  gasoline  drill  was  installed  and  holes  drilled  about 
75  ft.  back  of  the  top  of  the  slope  of  cut  and  75  ft.  apart. 
A  total  of  11  holes  were  drilled,  ranging  from  95 
ft.  to  about  130  ft.  deep.  These  holes  were  from  110  to  190 
ft.  from  the  center  line  of  the  main  track.  They  were  drilled 
from  8  to  10  ft.  into  the  soap-stone  formation  which  sur- 
mounted the  solid  rock  20  to  25  ft.  below  grade.  It  was 
necessary  to  case  the  top  part  of  each  hole  in  the  sandy 
clay  and  boulders.  As  soon  as  a  hole  was  drilled  it  was 
sprung  and  immediately  loaded  and  shut.  About  100  lb.  of 
dynamite  was  placed  in  the  bottom  or  rock  shot  and  about 
75  lb.  in  the  upper  or  blue  clay  shot,  the  latter  being  placed 
at  about  the  height  of  the  grade.  Between  the  lower  and 
upper  shots  the  holes  were  filled  with  sand.  The  holes 
necessitated  their  shooting  quickly  after  cleaning  as  water 
ran  in  very  rapidly.  In  each  case  the  casing  was  pulled 
after  the  hole  was  loaded  and  everything  made  ready  for 
shooting. 

There  was  no  distortion  of  the  face  of  the  cut  or  the 
ground  around  the  hole  as  a  result  of  the  shooting  and  the 
surface  dried  up  immediately.  Since  tb  ci  ipletion  of  these 
holes  two  years  ago  the  cut  has  held  up  in  good  shape  and 
has  never  blocked  the  track.  As  the  front  slope  is  now 
becoming  well  covered  with  vegetation  no  further  trouble 
of  a  serious  nature  is  anticipated.  The  total  length  of  holes 
!  drilled  was  about  1,232  lin.  ft.  The  total  cost  of  drilling 
'  and  shooting  the  holes  was  $1,816.92,  which  represents  a 
cost  of  approximately  $1.47  per  lin.  ft.  of  hole.  The  entire 
work  of  drilling  and  blasting  was  started  late  in  May,  1919, 
and  finished  early  in  July. 


The  considerations  entering  Into  an  erigii r'a  employmenl 

contract  were  outlined  by  John  E,  Hughes,  general  counsel. 
American  Association  of  Engineers,  in  the  November  issue 
of  the  Professional   Engineer,  from   which  we  are  reprinting 

the  matter  that  follows 

A  contract  is  an  agreement  to  do  or  not  to  do  a  particulai 
thing.  The  indispensable  requisites  of  everj  valid  contract 
are:  offer,  acceptance  and  consideration, 

An  offer  is  a  promise  to  d not  to  do  something. 

Acceptance  is  the  acquiescence  therein  ol  the  other  con 
trading  party. 

Consideration  necessary  to  the  formation  of  contract,  is 
either  a  benefit  to  the  party  promising  or  a  loss  or  detriment 
to  the  party  to  whom  the  promise  is  made 

One  promise  is  a  good  consideration  for  another  promise- 
and  an  act  is  a  good  consideration  for  a  promise.  Thus  if  A 
says  to  B  "If  you  will  work  tor  me  1  will  pay  you  $100  a 
week"  and  B  replies  "I  will,"  a  contract  is  made  because  B 
has  given  his  promise  for  A's  promise  and  that  constitutes 
the  consideration.  If  B  says  nothing  but  goes  to  work  for  A. 
his  act  in  so  doing  is  a  good  consideration  and  the  contract 
is  formed. 

The  parties  to  a  contract  must  be  of  legal  age,  otherwise 
the  contract  is  voidable  at  the  option  of  the  infant  but  bind- 
ing on  the  adult.  If  one  of  the  parties  is  mentally  incom- 
petent or  there  is  a  mutual  mistake  of  fact  no  contract  can 
exist.  A  misrepresentation  as  to  a  material  fact  made  by  B 
to  induce  A  to  employ  him,  even  though  innocently  made, 
allows  A  to  void  the  contract  if  he  believed  it  to  be  true 
and  employed  B  relying  thereon.  Intentional  misrepresenta- 
tion is  fraud  and  has  the  same  effect.  Duress  and  undue 
influence  also  render  a  contract  voidable.  An  agreement  by, 
B  to  work  for  A  in  an  illegal  employment  such  as  to  sell 
stock  in  violation  of  law,  to  deal  in  intoxicants  in  violation 
of  law,  to  use  improper  methods  in  obtaining  a  public  contract 
or  to  improperly  influence  the  action  of  a  member  of  the 
legislature,  a  public  officer  or  judge,  or  to  do  an  immoral 
act,  is  contrary  to  public  policy  and  unenforceable  at  law. 
The  courts  in  such  case  will  aid  neither  party  regardless  of 
what  may  have  been  done  or  expended  under  the  illegal 
agreement.  In  certain  cases  an  agreement  to  employ  only 
union  labor  has  been  held  contrary  to  public  policy. 

Written  or  Oral  Contracts.— A  contract  of  employment  may 
be  either  written  or  oral,  with  equal  validity,  except  that 
the  statute  of  frauds  in  force  in  nearly  all  of  the  states  pro- 
vides that  a  contract  not  to  be  performed  within  the  space 
of  one  year  must  be  in  writing.  In  construing  this  statute 
the  courts  have  held  that  if  an  agreement  does  not  by  its 
express  terms  require  more  than  a  year  for  performance  and 
may  possibly  be  performed  within  a  year  it  need  not  be  in 
writing.  Thus  if  B  agrees  to  employ  A  until  the  building 
of  Union  Station  is  completed  and  the  plans  and  specifications 
for  Union  Station  require  three  years  to  complete,  never- 
theless the  contract  need  not  be  in  writing  for  it  is  not  im- 
possible to  complete  it  within  a  year.  Llut  if  B  agrees  to  work 
for  A  for  14  months  the  contract  must  be  in  writing.  In 
such  a  case  if  A  refused  to  B  for  his  work  on  the  ground  that 
the  contract  was  not  in  writing  I!  could  not  recover  tor  it 
at  the  contract  price  because  the  contract  is  unenforceable, 
but  he  could  recover  the  reasonable  value  of  his  service  on 
the  theory  that  A  would  be  unjustly  enriched  if  alio  A  b 
receive  them  gratuitously. 

Termination  of  Contracts.— A  question  constantly  arising 
in  connection  with  employment  contracts  is  regarding  ter- 
mination. Is  notice  necessary  to  terminate  an  employment 
contract?  The  answer  is  generally  no.  Unless  the  em- 
ployer expressly  agreed  to  give  a  definite  notice  when  he 
hired  the  employe  he  may  discharge  him  without  notice,  re- 
maining liable  for  damages  if  a  contract  was  breached 
thereby. 

Damages. — When  is  an  employer  liable  for  damages  for 
discharging  an  employe?  Unless  the  contract  of  employ- 
ment was  for  a  definite  period  and  the  employe  was  dis- 
charged without  cause  the  employer  is  not  liable.    This  means 
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t  need  not  pay  the  employe  anytbii 
the  time  actually  worked.    A  false  imi  as  to  prevail 

Ij  that  legally  an  employe  is  entitled  ■ 

or  to   paj    up  i"  the  nexl    paj    day      1 
that  A  is  paid  by  the  month  oi  ir  or  by  the  week 

■a  m. 'an  that  he  is  employed  tor  a  l •. k •   period  and  does 
ei   the  period  of  ins  employment  definite 

The    aver  hiring    is    perhaps    similar    to    this: 

B  ap]  '  era  the  application 

My  ami  wii  per  moi 

ind   L-i.rs  i..  work      This  coi  iring   .  i    ■■•  111 

and  A  may  discharge  H  at  any  time  or  B  may  resign  without 
liability  en  the  pan  of  either.  II  B  had  stated  In  his  applica- 
tion, "I  hereby  applj  tor  a  position  for  one  year,"  and  A  had 

then    wired   him   to   cotm  then    i!    would    havi 

or  a  year  because  thi    r  ords  "for  one  yeai " 
application  would   have  definitely    fixed   the  duration   of   the 
hiring,     if  A   had  then  discharged  him   he  would  havi 
an   :i«.  1 1. in    tor  damages   unless   he    was   discharge^ 
cause.     The   rule  of  law   is   thai    a   hiring   for  an   Indefinite 
period    is   a   hiring   at   will  and   may  be   terminated  by  either 
party  at  any  time  without  notice  or  liability. 

Cause    for    Discharge.     Wh ..•  I  nisi'    for    the    dis- 

charge  ol   an   employe,   the  existence   ol    which   will  excuse 

aployer  from  liability?  If  an  employe  Is  disci 
before  the  expiration  of  the  term  of  his  employment,  as 
definitely  fixed  by  his  employment  contract,  the  employer 
must  answer  in  damages  unless  he  ran  prove  to  the  satis- 
faction of  the  court  or  jury  that  the  employe  did  not  dis- 
charge his  duties  with  the  skill  and  diligence  ordinarily  used 
by  employes  of  the  same  calling  under  the  same  circum- 
stances, or  that  he  did  not  show  the  ordinary  respect  for  his 
superior.-. 

Damages  for  Wrongful  Discharge.  What  damages  is  an 
employe  entitled  to  for  wrongful  discharge?  An  employe  is 
bound  to  use  due  diligence  to  find  other  employment  in  his 
calling.  If  he  does  not  succeed  he  is  entitled  to  his  salary 
as  if  he  had  not  been  discharged.  If  he  procures  other  em- 
ployment at  a  less  salary  than  the  employment  wrongfully 
terminated,  he  is  entitled  to  claim  the  difference  as  damages. 
The  rule  of  law   govern!  b   of  contract 

is  that  one  is  entitled  to  the  value  of  his  contract.  He  is, 
however,  bound  to  do  everything  he  reasonably  can  to  make 
his  damages  as  small  as  possible.  This  does  not  mean  that 
an  employe  is  bound  to  accept  employment  at  work  other 
than  his  trade  or  profession. 

It  is  possible  that  in  a  few  states  of  the  Union  the  legis- 
lature has  enacted  a  statute  prescribing  a  definite  notice  to 
terminate  employment  but  in  the  great  majority  of  states 
such  a  statute  does  not  i 

Where  there  are  disputed  questions  of  fact  in  connection 
with  a   wage  suit  the  employ  •  right   to  have  them 

determined  by  a  jury.  The  experience  of  attorneys  who  have 
tried  this  class  of  cases  is  that  juries  are  inclined  to  favor 
the  wage  claimant. 


Research   Graduate   Assistantships   in    U.   of    I.   Engineering 
Experiment  Station. — It  Is  I  M'  '  t(  A  that  11  research  graduate 
Dtsnips  in  the  Engineering   i  Station  of  the 

of  Illinois  will  be  filled   tin     Bpring.     These  assist- 
antships  are   maintained   for  the   purpose   of  assisting   in   the 
conduct  of  engineering  research  and  to  extend  and  strengthen 
Id  of  its  graduate  work  r.  -istant- 

ships.    lor   each   Of   which   there    is   an    annual    stipend    of   $600 
and   tree, lom  from  all  fees  except   the  mat]  ind  dip- 

loma   fees,    are   open    to    graduates    of    approved    An 
and  foreign  universities  and  technical   schools  who  are  pre- 
pared to  undertake  graduate  study  r  .  physics,  or 
applied    chemistry.      Nominate  accom- 

ol    the    i'n- 
Ixperiment    Station,    are    made    from    applications 

than  the  first  day  of  March.     Nomio  pon  the 

inclpal  line  ol  study  or  research  to  which  the  candidate 
himself      Preference  is  given  those  appll- 

following  thi  their  undergraduate  work      ,\|, 

ide  in  tin-  spring,  and  thi 
.  of  the  following  September     Further  Infi  i 
talned  I       i  C    it    Richards,   I  lireel  ir   Englt 

i  a,  in. 


Commercial    Operation   of   Airplanes 

Data   on   the  operation   of  airplanes   as   vehicles  of  trans- 
i  that  should  be  useful  in  an  Investigation 
and  analyst    ol  thlf  i..  B.  Lent, 

Engineering    and    Survey    Division,    Aerial    Transport    I 

in   a    ;■  ig    of   the    American 

Societj  of  Mechanical  E  n  ber,  1921.    Mr.  Lent's 

paper,  an    ib  d  below,  Is  based  on  the 

"i    the  air  n  Ice  of  the  U.  S.   Poal   Office 

Department  for  the  3i  pt  30,  1921 

There    has    i d    in  i     In    the    United    states    since 

Maj    15,   1918,  «  hat    m  pi  opi  rl              ctei       1  as  the 

op  ol    airplanes     In     the    world; 
namely,    the    Air    Mail    Si  I    ice    operated    by    tie-    Posl    Office 

Department  of  the  I  •  Government. 

This  service  is  open  bj  a  purely  civilian  personnel  and 
is  very  similar  in  i ..■  pects  to  that  which  would  be 
effective  in  a  purely  cot  rial  ervice  Moreover,  the  rec- 
ords of  this  service  have  I n  carefully  kept  during  it-  entire 

existence,  ami  it  pro]  ,  ■ ,i  can  he  used  as  a  basis 

for  estimating  the  probable  performance  ami  costs  of  any 
commercial  sen  a I  I         a  mediate  future. 

Organization.— The  Transcontinental   Air   Mail   Sonne  op- 
daily   in  each   dii        on   between   New    York   and   San 
Francisco,  an  air-line  dl  630  miles  and  a   total  daily 

mileage  ol  5,260  mile- 

Equipment. — The    airplani     equipment    now    use, l     [n     this 
•    bas  been  standardized  and  all  machines  are  • 
Haviland  planes  equipped  with  Liberty  1-  engines  turni 
to  tin-  Mail  Service  by  tl  e  Wai  and  Navy  Departs 

machines  are  rebuilt  to  a,  commodate  the  mail  load  in  the 
cockpit  in  front  of  the  pilot  and  strengthened  to  meet  the 
hard  sei  \  Ice  required. 

The    total    investment    of    the    Air    Mail    Service    is    about 

TABLE  I-SlM.M.\l:l    OP  OPERATING  RECORDS  OP  TJ     S    All; 
.MAIL  ,-.l;>  [CI      ■  -    i       192D-SEPT.,   1921. 

Trips  posrlble    (scheduled  i    9.482 

Trins   attempted    8,520 

Trips   defaulted    962 

Trips   uncompleted   549 

Trips  in  fog 3.013 

Trips  in  clear  weather   

Mileage    possible    I 

Mil.s    traveled    i 

Per  cent  of  Performance   

Mall   carried,   IP 1,138,518 

Forced  landings  due  to  mechanical  troubles   >. 778 

Forced  landings  due  'o  other  causes  966 

•For  last  6  months,  OS  per  cent. 

TABLE    II-    CONSOLIDATED  COSTS  OP  OPERATING    1"     S     AIR 
SERVICE    FOR     l'EAR    ENDING    OCT      1,    192L 

Per  cent 
of  total. 

Gasoline    $    224.f,46         15.0 

Grease  and  oil   li'.Tfi?  3.36 

ilrs  and  accessories   275.962        18.6 

Mlscellai -      17n.tr.li         11.5 

Motor  cycles  and  trucks    ir,.Slfi  4.3 

Rent,  light,   f -id,  power,  telephone  and  water.  1.91 

Office  v.  t team   ii    128  849  8.5 

w  arehouse     

I'd-  is    191  097        12.8 

Mechl  nics  and  helpers 21 



tal   overt  lad    •  ha  rge    • 

Total     Jl. 482.921 

TABLE    tit      VNALTSIS    AND  CONSOLIDATION    OP    FIGURES 

FOR  PERIOD  Oi  T  1     1920-SEPT.  30,  1921. 

, A    unit  e,,st ,    Cost   per  mill 

Tnt.il  Cost 

Gasoline,  tine  i  Malnte- 

hr.-mln.       miles,      hour.    mile.     ben. I.   Flying 

1920.    (1)  (2)  Ml         (-r.>  (6)  (7)  »] 

Oct.    .  10.80       *«  IS       J0.23  $0.39 

Nov...    r.n.r.T::     1  i:".l-20 

0.29  0.18 
1921, 

Jan.  0  22         0  27  0.48 

0.27  0.40 
Mar                                                                                           "  1»         0.36 

\,„i!  0.25  0.36 

M:iv       fii  ::22     2  nil-:  0.26 

0.28  0.31 

0.22  0.33 

0.71         0  16         i1  II  0.33 

0.70         0.17         0.21  0-32 

Total.676.92t  21.952-78  L894  108       .........     ..,„ 

• 
mi  nilis   .$0  17H 
last  r,  months.  .71.82 

Average  .«[■•  P«l   hour 

H r  hour 

14) 
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$800,001'.  of  which  $133,000  is  tor  buildii        trucks,  tools,  etc., 
aalnder  being  for  airplanes  and  ei    ines. 

it  is  obvious  thai  the  actual  numbi 

able  condition  and  under  repair  maj    va        rom  daj   to  day, 

but  the  following  is  a  Our  averagi  year:     In 

.,,,!,.  condition,  50;   under  repair,   IS;   awaiting  repair. 

the  year,  27  planes  were  i  u  pond  repair 

,,.  while  48  new  planes  wei  n  service  and 

about  '  •'  tyPea  retired 

ilpmenl  has  always  bi  ol  ai  tual  need, 

becaus<    ol  the  large  aumher  of  Liberty  turned  over 

by  the    \nnv.    The  total  nuipber  of  Liberty  12A   (Army  high- 

compres  Ion)   ana  Liberty   12N    (Navy    I npre     Ion),  de- 

,oul    100  and  350  hp.,  respecl     i  ly,  in  use  is  about 

i     ;ines  in  serviceable  condition,   in   plain's  and 

L50;  engines  under  and  awaiti       repair,  350     The 

id    a  do  no!   represent    the  engine   requirements 

.  b  a  service. 

\n  accurate  estimate  of  the  total  en 
,his  gervici  can  be  based  on  the  followin  22  engines  are 
required  lor  the  22  planes  in  daily  service;  at  least  1  spare 
engine  should  he  at  each  major  station,  making  a  total  of  14; 
another  supply  of  approximately  30  engines  is  necessary  for 
those  constantly  in  transit  between  the  various  fields  and 
the  overhaul  stations.  Including  the  period  of  overhaul, 
making  a  total  of  66  engines,  if  this  service  is  properly  organ- 
ised |  ,  engines  is  ample  for  successful  operation 
of  such  a  sei 

Operating  Record.— The  operating  record  for  the  past  year 
Is  shown  in  Table  I.  For  a  thorough  understanding  of  these 
figures  it  is  thought  well  to  briefly  outline  the  conditions 
under  which  the  service  was  rendered. 

The  transcontinental  course  is  divided  into  13  legs  of  ap- 
proximately 200  miles  each  with  stations  as  given  above. 
The  route  is  divided  into  three  major  divisions— the  eastern, 
extending  from  New  York  to  Chicago,  the  central  from  Chi- 
cago to  Rock  Springs,  Wyo.,  and  the  western,  from  Rock 
Sprint;-  to  San  Francisco,  Cal.  It  has  been  found  that  in  the 
rn  trip  the  flight  is  hampered  by  prevailing  westerly 
head  winds,  whereas  the  eastern  trip  is,  of  course,  assisted 
by  such  conditions.  Inasmuch  as  the  supply  of  gas  for  each 
ship  is  approximately  only  four  hours  at  cruising  speed,  it 
becomes  necessary  in  many  flights  to  stop  at  intermediate 
stations  tor  service.  Many  times  coming  east,  planes  fly  a 
major  leg  of  approximately  400  miles.  The  number  of  such 
trips  per  month  is.  somewhat  varied,  depending  upon  con- 
ditions. 

While  the  available  space  in  each  plane  accommodates  400 
lb.  of  mail,  the  average  amount  carried  per  trip  for  the  entire 
year  was  less  than  150  lb.  per  plane  per  trip.  These  planes 
carry  a  pilot  only,  who  flies  a  leg  in  one  direction  each  day, 
returning  to  his  home  station  the  next  day  and  laying  off 
the  third  day.  This  schedule  is,  of  course,  subject  to  change, 
which  occasionally  results  in  a  pilot  doing  more  mileage 
than   indicated. 

The  total  flying  time  per  day  varies  with  the  weather  con- 
ditions, but  the  average  speed  for  the  entire  year  was  86.3 
miles  per  hour;  for  the  last  6  months  (during  better  \ 
conditions)  the  average  speed  was  87.88  miles  per  hour.  Up 
to  the  present  time  all  flights  have  been  made  during  the 
day.  An  indication  of  what  is  possible  in  a  continuous  trip,  is 
the  record  established  on  Feb.  22  and  23,  when  the  mail  was 
carried  from  San  Francisco  to  New  York  in  elapsed  time  of 
purs  20  minutes,  or  a  total  Hying  time  of  26  hours  50 
minutes.  The  fastest  scheduled  train  time  between  these  two 
■points  is  92  hours.  The  eastbound  trip  from  Chicago  to  New 
York  has  been  made  in  5  hours  30  minutes.  The  flight  from 
Salt  Lake  City  to  San  Francisco  was  made  on  Oct.  14,  1921. 
in  6  hours  1  minute  elapsed  time,  or  a  total  flying  time  of 
5  hours  32  minutes  over  a  distance  of  624  miles.  The  fastest 
train  between  these  two  points  is  scheduled  for  24  hours  15 
minutes.  It  follows  that,  for  the  transcontinental  distance, 
■daylight  flying  only  will  cut  train  time  about  in  half,  and  with 
night  flying,  the  time  is  cut  to  about  one  third. 

The  operation  record  discloses  one  feature  of  special  merit 
given  under  "Per  Cent  of  Performance  It  will  be  noted 
that  the  percentage  of  performance  for  the  year  was  88.33 
per  cent.  For  the  last  6  months  this  average  was  98  per  cent, 
of  which  96  per  cent  was  actually  completed  on  scheduled 
time.  In  view  of  the  fact  that  the  Pennsylvania  R.  R.  in  its 
printed    timetables    boasts    of    a    train    performance    of    95.6 


per  cent  on  time,  I rd  tor  the  last  t.;  months 

is  trulj   remarkable 

During  the  year  ten  pilol  i    mechanic  were  killed 

tour  of  the  former  during  the  lasl  six  months.    This  is  equtv 

o  one  pilot  killed  toi  tiles  flown. 

During  the  yeai  27  planes  were  so  badly  wrecked  that  thej 
were  salvaged  instead  of  repaired,  and  there  were  145  forced 
landings   which   resulted   in   damage   to  plai  Itatlng 

repair  work:    of  these  about   100   required   major  repairs.     Ob- 

were  damaged  more  than  once  during  the  year, 
Of  the  total  number  of  forced   landings  only   172  n    ul 

to   the   planes.      This   is   one   plane   damaged    loi 

10  forced  landii 

It  should,  in  fairness,  be  pointed  out   that   all  landings  other 

than  those  regularlj  scheduled,  even  though  made  on  an 
Intermediate  Ur  Mad  deld,  are  counted  as  forced  landings. 
Cost  of  Operation.  The  consolidated  costs  oi  operating  this 
service  for  the  yearly  period  chosen  are  shown  In  Table  D, 
It  will  be  noted  that  there  is  no  charge  tor  Interest  on 
nient.    This  is  of  course  a  proper  charge  In  anj 

service    and    should    he    added     in    any    estimated     COS!  B 

making  such  a  charge  and  adding  it  to  the  total  COStS  shown 
in  the  table,  it  is  thought  that  the  figures  resulting  are  safe 
and  conservative  for  estimating  the  operating  costs  tor  any 
similar  commercial  line.  In  fact,  the  figures  shown  can  be 
very  much  bettered  if  advantage  is  taken  of  the  experience 
gained  in  the  Mail  Sen  Ice 

An  analysis  and  consolidation  Of  the  figures  are  shown  in 
Table  III  which  give  the  service  and  unit  costs  and  the  costs 
per  mile  for  the  year.  In  this  table  the  total  costs  are  divided 
into  three  general  headings,  namely,  Overhead.  Flying  and 
Maintenance.  Under  the  head  of  Overhead  is  included  de- 
partmental overhead,  office  force  and  watchmen,  motorcycles 
and  trucks,  rent,  light,  fuel,  power,  telephone,  water  and  radio. 
Maintenance  consists  of  miscellaneous,  mechanics,  helpers, 
repairs  and  accessories,  and  warehouse  charges  Flying  con- 
sists of  gasoline,  grease  and  oil,  and  pilots. 

It  will  he  noted  that  the  mileages  as  shown  in  Table  I  and 
in  Table  III  do  not  agree.  The  former  figure  is  miles  traveled 
in  regular  mail  trips  and  the  latter  is  "total  miles"  flown, 
whicb  includes  ferry  trips,  test  flights  and  retrieving  planes. 
The  "total  miles"  is  the  proper  basis  for  estimating  costs  per 
mile. 

An  examination  of  Table  II  will  show  that  the  largest  items 
of  cost  are  gasoline  (15.0  per  cent  of  the  total),  repairs  and 
accessories  (18.6  per  cent),  pilots  (12.8  per  rent)  and  me- 
chanics and  helpers  (14.5  per  cent).  Considering  these  sep- 
arately, it  is  seen  that  the  gasoline  cost  cannot  be  materially 
reduced  by  the  use  of  more  economical  engines,  for  even  if 
engine  economy  is  increased,  say  10  per  cent  (which  is  diffi- 
cult), the  total  reduction  would  only  be  one  tenth  of  15  per 
cent,  or  1.6  per  cent  of  the  total. 

The  largest  item,  repairs  and  accessories.  Is  susceptible 
of  considerable  reduction.  The  elimination  of  forced  land- 
ings and  the  damage  resulting  therefrom  would  largely  reduce 
this  charge.  Fair  wear  and  tear  on  places  is  relatively 
very  small. 

The  basis  on  which  pilots  are  paid,  namely,  $2,000  pel  an 
num.  plus  6,  6  and  7  ct.  per  mile  flown,  has  proved  to  be 
very  satisfactory,  and  more  so  than  any  oilier  basis  tried 
by  the  Mail  Service.  In  all  cases  it  supplies  the  men  with 
„y   increased    i 

The  pay  for  chief  mechanics  in  the  Mail  Service  averages 
$2,000  per  annum;  other  mechanics  from  $1,400  to  $1,800  per 
annum;  helpers  from  $1,100  to  $1,400  per  annum;  and  wati  b 
men  and  helpers  from  $900  to  $1,200  per  annum 

An   explanation    Of   tin  in   Table   II   is   essential. 

In  most  of  the  major  fields  the  Mail  Service  was  supplied 
with  flying  field,  and  in  some  cases  with  hangar  facilities,  by 
the  cities  in  which  they  are  located,  without  charge  therefor. 
Rent  for  field  and  hangar  facilities  is  paid  at  New  York. 
Bellefonte,  Pa.,  Cleveland,  Ohio,  Bryan.  Ohio.  Chicago.  111., 
and  College  Park.  Md.  (training  Station).  At  all  other  cities 
west  of  Chicago  no  rent,  is  paid. 

This  item  of  cost  is  therefore  comparatively  low  and  should 
be  modified  if  used  for  estimating  similar  costs  of  a  com- 
mercial line,  unless  similar  arrangements  could  he  made 
with  various  municipalities  for  use  of  municipal  airdromes. 
If  commercial  companies  have  to  purchase  flying  fields,  as 
well  as  field  equipment,  it  would,  of  course,  add  largely  to 
the  capital  costs,  as  well  as  the  operating  charges.  It  is 
believed,  however,  that  very  favorable  arrangements  can  be 
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made  wtth  most  of  the  i  n  the  United  Stati 

propei  landing  Beld  facll  I 
The  analysis  ol   Table  ill  shows   thai    I  pearl) 

■iu  cos)   per  dying  mill  and  tor  the  last 

six  months  ol  the  yi 

mentioned  herein,  if  the  coal   Is  reduced  it.  a  ton-mile 
the  figures  resulting  will  be  unrells 
comparison   Is  on  s   plan.' mil.  ts   bul   little 

to  Bj  a  plain'  loaded  t<>  Its  capaclt)  than  it  does  to 
By  it  empt]  it  is  .1  Bate  statement  thai  undei  the  condl 
tlons  prevailing  In  the  Mail  Sei  plane-mile 

will  bi  on  be  reduced  to  t  ii » -  neighborhood  ol  60  cl 
With    proper    equipment    and  on,    a    comnv 

service,  using   Blngle-englne  pi.  hp.  each 

and  flying  onlj  one  round  trip  pei  daj  over  a  distance  equiv- 
alent to  that  of  the  transcontinental  Bervice,  can  be 
pUahed  for  a  total  cost  not  exceeding    >0  cl    pei   Bying  mile 
This  Is  especial!)   true  if  more  than  one  round  trip  per  <ia> 

is  Mown. 

Life   and    Maintenance   of    Planes.      Il    ma]    be    noticed    that 

in  the  foregoing  no  account  is  made  ol  depreciation,     in  the 

I  Bervice  no  plane  has  remained  Intact  long  enough  to 

al  and  so  del, .1  mine  even  approximately  a  rate  of  de- 
predation.    Before  a  plane  wears  out  most  or  all  ol  the  parts 
ed    UP    under    lhat    heading,   or  else    it 

is   so   completel)    destroyed    as    to    be    retired    From    service, 

charted   off  entirely,   with   credit   for  such   material   as  can  be 

salvaged  foi  use  in  repairing  other  planes,    a  fairly  accurate 

idea    of    the    rate    of    this    destruction    may    he    had    from    the 
follow  Ing  dala  : 

During  the  year  27  planes  were  bo  badl]  damaged  that 
repairs    were   not    under!  aivaged 

Of  the  many  forced  landings.  14.".  resulted  in  'crashes"  neces- 
sitating repairs,  ol  which  about  100  in-.es  iiaied  major  repair 
work.  The  number  of  "crashes"  is  thus  ahout  10  per  cent  of 
of  forced  landings  The  average  for  the 
year  is  one  "crash"  for  each  17,560  miles  down  with  mail; 
and  for  the  last  six  months,  81,211   miles. 

The  number  of  planes  required  as  original  equipment  to 
operate  such  a  service  as  the  Mail  Service  and  the  rate  and 
cost  of  replacement  may  be  estimated  as   follows 

the  L'.'  d  iMy  Bights   22 

1    -par.    plum-  for  each  daily  Bight,  to  be  used  in  case  of  "lsst- 
ble  wit  lam 

•   • '        I  ft.  Ms  which  may.  be  In  transit 
fi   ::.  repair  shops  and  und<  r  i  ■  paii  ... .     14 

58 

Mall  perience  shows  that  after  a  plane  has  had 

about  460  hours  In  the  air  it  is  necessary  to  lay  it  up  for  a 
thorough    inspection   and   reconditioning.      This    operation    in- 
some   labor  and    material    i  usually   new    wing    i 

Se  of  $600  per  plane.     The  total  time 

required  tor  such  an  operation  at  about  two  months. 

the  flying  hours  per  year  are  21,952,  the  total  number 

rhauls    is   21,952  :  450   or   49,     The   record   also 

ed  as   to  require 

age  cost  of  i  about  $1,000 

each  and  th(  months   per  plane.     The 

■  i    tor    the    .nine    Mail 
■      t   ii   t..  i j  planes  per  month, 
it   i  that  about   14  to  15  plat  i  one  for 

■i     to  and  from  the 
and   undei  it   should    be 

pairs  are  made-  at  man)  ell  as  at 

the  n  op  to  I 

An  that: 

|    plane-  for  each  82 
d   tlight 

•lown 

mile 

mlh- 

i     Deduct 

it'   from  the  tot  (Table   n> 

mil.'. 
Life   and    Maintenance  of   Engines.     The   record   of  engines 

Involved   In 

'     data. 

<ion  ami  overhaul 
■  ■  thai  it  Is  n 


to  hase  aii   estimate  on   the  present   rate  than   to  use  total 

figures   [or  111.     (  ear. 

Present  methods  ol  conditioning  and  caring  for  engines 
have  resulted  in  an  almost  uniform  Bervice  of  100  hours  of 
running  between  each  overhaul,  unless  an  engine  is  damaged 

In  som.  "crash."  Since  B  total  daily  mileage  with  mail  is 
ahout  5,300  miles  and  the  average  speed  is  86.3  miles  per 
hour,  the  dall)  tlying  tune  is  about  <;.  hours  per  clay.  To 
this  must  be  added  the  time  consumed  in  wanning  up  engines 
(6   hours)   and   the   tine  on   various   test   stands,   so 

that   the  total  dally  time  foi    I  is  SO  enginehours. 

Tins  is  equivalent  to  0.8  engine  replaced  per  day.  Crashes. 
niechauir.il   troubles  and   •  bther  than   plain   wear  bring 

up  the  rate  to  just  ahout  1  0  engine  per  Hying  clay.  While 
this  may  seem  high,  considering  thai  only  22  planes  fly  reg- 
ularly each  day.  it  is  nol  foi  100  Hying  hours  per  engine 
between   overhauls   is   a    very   high   figure  and   can   only   be 

attained    b)    the   si    efficient    and    systematic   conditioning. 

ami  repair  methods  in  force  in  the  Mail  Service.  While  about 
I ngines  were  used,  the  whole  ".00  were  not  actually  over- 
hauled, as  many  new  engil  ere  placed  in  service  during 
this  period.  The  year]  demand  is.  however,  at  about  a  rate 
of  300  engines  per 

This  running  time  ol  1""  hours  between  overhauls  is  true 
even  after  the  second  and  sometimes  the  third  overhaul,  the 
necessar]   replacement  made  at  each  overhaul. 

The  average  time  of  an  engine  overhaul  is  as  follows: 

Hours. 
One  mechanic  and  oi  8  hourB  each 

and  valve  grinding  bj   other  men   8 

Carburetor  wcrk,  ctaanlnc  and  adjusting   i 


i    mc 

This  total  time  ma)  vary  50  per  cent  each  way,  but  it  Is  a 
fair  average.  The  average  labor  cost  is  about  $75  per  engine. 
The  average  cost  of  the  necessary  material  replacements, 
based  on  Government  war  prices,  is  $150,  The  average  total 
cost  is  therefore  J226  pei  engine  This  cost  may  seem  ex 
cessive,  but  is  Justified  b)  the  amount  of  careful  and  aci 
work  done,  which  is  the  real  reason  for  100  hours  of  further 
statutory  service. 

Conclusions.-  While  both  the  design  and  operating  methods 
are  sit  i.   it    is   believed    that  the   fol- 

lowing   are    warranted     from    our     present       knowledge     and 
experience 

a  The  number  of  planes  required  for  a  given  service  is 
about  one  for  each  ion  miles  of  scheduled  flight. 

Ii.  The  number  of  Ines   required   is  ahout  50  per 

cent  of  the  total  number  of  pla 

c.  The  total  operating  cost  should  not  exceed  70  ct  per 
plane  mile  for  single-engine  planes  of  not  over  400  hp. 

d.  Scheduled  flights  over  reasonably  long  can  be 
at  least  twice  as  fast  ■■  -  till  I  .iuleil  trains,  living 
in  daylight  only,  and  at  lea  '  three  times  as  fast  if  night 
flying  is  done. 

e.  Night  flying  can  be  successful')  I  with  relia 
ble  power  plants  and  a  pre  pei  i  qulpment  of  airdrome  beacons 
and  landing  B 

f.  The  most  import. hi    ind  desirable  improvement   In 

lipped 
with  a  thoroughly  reliable  power  plant. 

g.  The  United  State  I  n  rablj   adapted   to 

airplane     en  Ice   bee  long 

fl)  ing  I  tc  Of    popi  IS  tio  .'II     'lis 

tributed   over  this  area   should  supply   ample  business,  and. 
I.".  i   i;.  ition  "i   bo  h  gi  ...Is  ami  pi  c ;  more 

in  demand  than  in  any  other  country  in  the  world. 

h.  The  development  •■•  i  large  commercial  service  will 
furnish  a  reserve  of  planes,  pilots,  mechanics  and  other  highly 
skilled  men  which  would  undoubtedly  be  the  most  valuable 
and  effective  part  of  our   national  defense. 

Gas  Masks  for  Train  Crews  i  be  1'  S  Bureau  of  Mines  has 
completed    an     Investigatloi  I       masks    for    use    ol     train 

crews   in    railroad    tunnel  Ol  t         test      will   BOOD    be 

published  b)   thi    Mm.,  u  In  a  technical  paper  entllted     Tests 

ma  iks  ami  respli  ir  pi  otection  from 

smoke,   in    railroad   tunnels    with   analyses   of   tun 
pheres,"  by  A    C.  Pleldner,  s.  11.  Katz,  and  P.  P.  Klnne)       v. 
small   mask  was  devised   that  tiently   Into  s    coat 

pocket,    and    in    actual    service    with    loCOmOl  ant 

was    found    to    la  I    two   to   six   months   before   dis- 
tasteful   gas    pellet  . 
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Organization    and    Distribution    of    Small 
Ballast   Raising   Gang 
The  accompanying  diagrams  reprod  the  Septem- 

ber bulletin  of  the  American  Railway  I  neering  Associa- 
tion arc  based  on  time  Studies  Ol  I  nark  on  ballast 
made  by  the  Baltimore  ii  Ohio  R.R.  They  were  prepared  by 
a  subcommittee  ot  the  Committee  on          asi   and  formed  a 


!■ 


- 


Ballast   Raising   Gang  for  Stone   Ballast. 

Distribution   ol     lang:     (1)   2  flagmen;    (21    2   men  digging    lack 
nd  handling  spcl  board;    (31  4  men  handling 
board;  il)  11  tampers,  using  forks  inside  and  rail,   work- 

ing in  pairs;   (5)   I  foreman;   (»;>   water  boy. 

portion  of  that  committee's  report.  The  committee  recom- 
mended that  the  diagrams  be  approved  as  recommended  prac- 
tice and  printed  in  the  Manual  of  the  Association.  The  time 
studies  covered  raising  track  on  stone  ballast  and  on  gravel 
or   cinder    ballast.      The   schedule    in    both    cases    was    for   a 


Lt>c  p-c-a-a 
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Ballast    Raising   Gang   for   Gravel   or   Cinder. 

Distribution    of  Gang:     (1)    2   flagmen;    (2)    2    men    digging  Jack 
.  ml  handling  spot  board;    (3)   6  men  handling    lacks  ami   level 
board.  pers,    using    shovels    ins  if   rail. 

g  in  pairs:   (3)   1    foreman;    (6)   1  watei 

final  raise  of  4  to  6  in.  when  completely   renewing   ballast. 
The  operations  and  time  distribution  were  as  follows: 

STOXE  BALLAST 
Opera - 

Operation. 

1       Kunning  spot  board  

-ging  jack  holes   

king    up  track    

I.     Running  le\el  board    

5.     Tamping     

Water  boy    

Two  flagmen 

Foreman    (as.-um  twenty    i 


bution     minutes 


0.30 


rotal  minutes   for  one  foot  of  one   tracl 
Stand  per  foot  track  .119 

11    it.   per  hour  allowing   10   per   cent   detention 
account  u'  trains. 

GRAVEL  OR  CINDER  BAJ  LAST. 

Time  Study  on   P..  &   O.    R.  R.— Sched  I   to  r, 

In.  whin  completely  renewing  ballast  where  I  ied  with 

shovels    in    gravel    or    cinder. 

Time  distri- 
bution    minutes 
°P.era-  per  foot  of 

lion-  one  tr:: 

Operation  or  cinrter. 


g  spot  board 

i'k  holes  

.lacking  up  track 

Running  level  board    

Tamping     

v.  at<  r    boy    

Two  flagmen    

Foreman   (assume  gang  of  twenty  men). 


0.07 
0.18 

ii  50 


Total  minutes  for  one  foot  of  one  track... 
Standard  schedule,  hours  per  •  r  rack  .086 

Progress — 267  ft.    per  hour  allowing    10    i>er   cent   detention 
account  of  trains. 


North  Dakota  Engineers  Meet  at  Bismarck. — The  third 
annual  meeting  of  the  North  Dakota  Chapter  of  the  American 
Association  of  Engineers  will  be  held  in  Bismarck.  X.  Dak., 
Feb.  9th  and  10th. 


The  Relation  of   the   Engineer   to   the 
Community* 

By  EVERETT  J    i.  \kk. 
•  Jovei  nor  of  i  ci  Icut. 

As  governor,  the  elected  bead  of  a  state  government.  thert> 
are  two  angles  of  this  question  to  which  for  a  few  minutes, 
I  might  call  your  attention.  Due  is  the  practical  Bide,  simply 
a  list  of  those  positions  in  dim  Btate  government  which  must 
be  filled  by  competent  engineers  Upon  this  1  shall  only 
dwell  for  a  moment. 

1  do  wish  to  say,  however,  that  the  State  of  Connecticut 
is  proud  of  its  Highway  Department,  and  that  this  department 
Is  purely  an  engineering  proposition.  The  splendid  develop 
inent  of  the  road  system  in  Connecticut  is  due  to  the  work's 
having  been  done  by  engineers  without  the  help  of  the 
politicians. 

Our  Rivers,  Harbors  and  Bridges  Commission,  appointed 
primarily  to  build  the  million  dollar  dock  at  New  London, 
had  and  has  largely  engineering  problems  for  its  considera 
tion. 

Among  the  duties  of  the  Shell  Fish  Commission  are  the 
locating  and  bounding  of  the  oyster-bed  leases  by  the  state, 
and  the  engineer  is  a  leading  personality  in  their  work. 

The  law  itself  requires  that  three  of  the  six  members  of 
our  Pollution  of  Streams  Commission  shall  be  engineers. 

In  our  Department  of  Health  the  work  of  the  engineer  is  as 
much  needed  and  as  quickly  required  in  the  case  of  health 
dangers  as  is  that  of  the  physician. 

It  is  in  the  Engineering  Department  of  the  Public  Utilities 
Commission  that  their  most  numerous  personnel  appears. 

But  1  will  not  continue  a  catalog  of  those  public  offices  in 
which  trained  engineers  must  of  necessity  serve.  I  will, 
however,  speak  of  what  I  shall  call  the  academic  angle 
of  my  subject. 

There  are  certain  fundamental  characteristics  of  a  sue- 
cestui  engineer,  characteristics  which  he  does  and  must 
apply  to  his  profession  if  he  be  worthy  of  bearing  the  name 
of  engineer,  and  1  wish  to  urge  upon  you  your  duties  as 
citizens  to  apply  them  in  your  consideration  of  the  problems 
of  good  government  and  the  public  weal. 

Today  we  often  hear  the  expression.  "Government  needs 
the  business  man  in  public  office,''  and  if  this  be  true,  the 
need  is  emphatically  for  the  engineering  qualities  of  the 
business  man. 

The  first  qualification  ol  an  engineer  is  concentration 
He  must  focus  on  his  problem  like  a  burning  glass,  and  not 
study  with  the  eye  and  mind  of  an  impressionistic  artist. 

The  next  qualification  is  the  power  of  analysis.  The  real 
analytical  engineer  does  not  tear  apart  with  ruthless  hands 
and  throw  into  the  scrap  heap  all  that  comes  between  him 
and  the  point  of  his  ultimate  investigation.  He  rather  lays 
aside  in  an  orderly  and  tabulated  array  the  covering  or 
by-products,  II  you  will,  that  they  may  be  again  replaced  if 
necessary,  or  perhaps  put  to  other  profitable  use. 

The  third  qualification  of  an  engineer  is  his  power  ot 
continued  application.  He  learns  to  work  continuously  and 
laboriously. 

Ami  a  fourth  characteristic  of  the  engineer  is  the  quality 
of  thoroughni  be  He  must  in  his  task,  in  his  problem,  bring 
it  to  completion.  A  half-  finished  job  is  in  his  domain  prac- 
tically nothing  done  at   all 

These,  tin  :i.  are  the  fundamentals  of  a  successful  engineer, 
and  if  he  but  avoids  the  one  danger  of  his  profession — that 
ol  allowing  his  concentration  to  restrict  his  vision,  so  that 
in  the  intense  application  to  any  one  problem  he  does  not 
-  full  scope  or  miss.--  an  opportunity  waiting  at  his  very 
elbow — he  becomes  an  ideal  citizen  and  one  of  the  great 
assets  of  a  nation. 

You  engineers  apply  these  qualities  to  your  life  work;  1 
am  asking  you  tonight  that  you  give  a  little  of  them  to  your 
duties  as  citizens. 

I  read  recently  Fiske's  opening  chapter  of  the  Beginnings 
■v    England,    wherein    he    describes    the    growth    and 
transitions  of  governments 

First  the  oriental  or  ancient  governments,  where  a  con- 
quering monarch  by  warfares  and  struggles  conquered  and 
enslaved;    then    through    the   Roman   Empire   and    the    Holy 


0\     ::   -it    .i    banquet    of   The  American    A 
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(17) 


74 


Engineering   and  Contracting  for  January    18,    1922. 


Roman   Empire,  when  powerful  nil.  rnments  ab- 

sorbed b>  but   granted   citizenship, 

Through   all   of   these   years,    thos.  1    the 

ol   the   World    rei  rights,    their   111 

i   the  will  of 
gome  Individual  monarch,  or  his  appointed  -.inted 

minis' 

Then  came  those  long  years  ol  Btrug]  le  :n  northern  Europe 
when  !  inent  and  applying  that 

i  me  ol  the  hardi  learn  was  thai  of 

delegating    governmental    Function!    and    yei    holding    their 
public  m  tranaferring  their  delegated  power  Into 

personal   authority. 

With   the  birth  of  the   United  ..nary 

War.   the   rule  of  the   people   w  3hed       For 

ward    has    been    our    march    both     In    knowledge    of    bow     to 

govern   anil   our  ability    to   apply   thai    knowledge.      So   today 

we  who  are  holding  office  are  but  your  delegates  to  turn  your 

ir   determinations.    Into    laws    and    enforcements. 

■.  it  is  the  duty  of  all  ens  Ive  a  little  ol  their 

ability,  which  has  made  them  successful,  a  little  ol  their  time, 

our  ■  ..!>   day,  to  the  duties  of  citizenship. 

There   are   many   engineers   with   all   the   qualifications  of 
Ideal  public  officials  who,  when  asked  to  serve,  say.  "1  haven't 
the  time  to  do  it";    what   they  really   mean   Is  thai   thej 
not  given  the  time  to  prepare  themselves   to  do  it 

alter  bow  successful  you  are  in  your  own  business. 
nnol  be  true  and  square  and  fair  to  the  state  if  you 
cannot  or  will  not  take  time  to  Btudj  its  problems  and  know 
what  Its  public  officials  are  doing.  With  the  same  technical 
skill  which  the  engineer,  the  inventor,  the  surveyor,  the 
mechanic,  puts  into  his  own  profession,  it  is  the  duty  every 
day  to  study  public  life  and  public  affairs  so  that  if  the 
time  comes  when  be  Is  needed  bj  the  slate  he  will  be  pre- 
pared for  this  work. 

With  the  same  concentration,  the  same  analysis,  the  same 
determination,  the  same  thoroughness  that  you  study  and 
Bolve  the  problems  of  a  lis.'  machine,  a  railroad,  a  river,  or 
an  excavation,  study  and  solve  the  problems  of  govern- 
ment, municipal  and  state,  and  you  will  provide  better  than 
any  other  class  of  men  a  solid,  firm  foundation  for  good 
government.  And  then  with  all  of  our  citizenship,  see  that 
there  is  erected  upon  this  foundation  a  structure  of  govern- 
ment clean  and  pure  to  look  at,  Btrong  and  firm  to  hold. 


The    First  Year's  Work    of   the    Federated 
American  Engineering  Societies 

The  American  Engineering  Council  of  the  Federated  Amer- 
ican Engineering  Societies  held  its  first  annual  meeting  at 
the  Cosmos  Club,  Washington.  .Ian  5  and  i;.  Dean  .Mortimer 
ley  of  the  University  of  Michigan,  president  of  the 
Jouncil.  presiding.  Officers  were  chosen,  the  work  of  the 
past  y.-ar  reviewed  and  discussed,  action  taken  on  important 
matters   of   public  and   technii  new    financial   ar- 

rangement put  into  effect,  committees  named,  new  policies 
sanctioned  and  old  ones  reshaped,  and  a  broad  and  definite 
program  outlined  for  the  next  twelve  months.  A  leading 
■  l  the  meeting  was  a  dinner  in  honor  of  Herbert  Hoover, 
who  ad  members  of  tin.  council  ami  their 

at  the  University  Club. 

aged  in  a  I.e.  m  ol  the  question: 

-      I   ■  OUnCil    approve    or    disap- 

prove ol  the  principle  of  licensing  or  registering  engii 

unci]   finally  decided   to  ntmenl    of  a 

e  a  I  tidy  of  the  lie. 

ciing 
of  the  I  oard 

Rep'  :•   in  opening 

the   s'  onfldence    In    the   future   "f   the 

neral  plans  for  more  i  ' 

earned  out    in   co-operation   with   the  exec- 

W     Walla.  •  •  y    will    soon 

■    the  South  and  Southwest      Mr.   Wallace 
•  dule  to  further  the  work 

the   outlook 

1   OUDCll       The    Km 


Club   Of   Columbus,   O.,    was   admitted   to   membership       "It    is 

gratifying  to  note."  said  the  report  of  the  executive  secretary, 
•'that  with  on.-  pOB  Ibll  •  v  option,  no  society  will  withdraw  at 
the  moment  from  the  federation.  There  are  more  than 
active  prospective  members."  Mr.  Wallace  urged 
an   active   an.;  campaign   to   BeCUre   a    much 

membership,  stating  "that  it  is  evident  that  the  Federation 
cannol  reat  b  the  maximum  possible  attainment  until  \  Irtually 
ever]  engineering  society  is  a  member." 

The    secretary's    report    Bhowed    that    on    .Ian      1.    192] 

membership   of   the  t    imposed    ol    Bis    national 

and  fourteen  state  anil  1  'n  Dec. 

II,  1921,  there  were  i  Ighl  i  nal  and  twentj  Btate  and  local 

societies,  a  gain  ot  eighi  member  societies  representing  1111 
member  engirj 

Hams   in   the   mining    industry,   as   stated    by    Edwin    T. 

Ludlow,  president   of  thi  n    [nal  I  iti    ol    Mining  and 

Metallurgical   Engineei   .  and    Major   Arthur  S.   Dwight  were 
contribution  by  the  Institute  to  the 
i  loum  II  tor  the  comint  Is  ai  on  squence,  the  a 

ments  levied  upon  the  othei  member  societies  were  cut  down 

proportionately.  This  v..  accomplished  by  constitutional 
amendment  Both  Mr.  Ludlow  and  Major  Dwight  assured 
the  Council  that  th(  was  warmly  In  sympathy  with 

the   federation,  with   which    it   was  anxlou  forward. 

Shaii>   reductions   in   the    budget    were   thus    made   nee. 
and.    though    the    Council    begins    the    year    with    a    scarcity    of 
funds  iven   Of  additional    financial   aid 

in  the  near  future 

'The  financial  situation  is  not  such  as  to  cause  alarm." 
said  Secretary  Wallace  in  his  report.  "Careful  management 
and  the  results  to  be  expected  from  an  active  campaign  for 
new  members  should  enabli  the  federation  to  perform  its 
work  for  1922  without   a  di 

The  balloting  for  officers  resulted  in  the  reelection  as  vice- 
presidents  of  Dexter  S  Kimball,  dean  of  the  College  of  Engi- 
neering, Cornell   University,  and  J.  Parke  ('banning  of  New 

York.      W.   W.   Vamey   of   New   Yolk    was   again   chosen    ti.as 

urer.  L.  W.  Wallace  was  re-elected  executive  secretary  by 
unanimous  action  of  the  Executive  Board. 

The  Council  made  provision  for  a  continuance  of  its  ha 
tional  publicity  work  under  the  direction  of  .lames  T.  Grady, 
Director  of  the  Department  of  Public  Information  of  Columbia 
University,  New  York.  The  results  of  the  publicity  work 
during  the  year  were  described  by  the  secretary  and  by 
Li,  P.  Alford.  chairman  of  the  Publicity  Committee,  as  most 
gratifying. 

"It  is  our  conception,"  said  Secretary  Wallace,  "that  there 
is  no  more  important  work  for  the  Federation  to  do  than 
to  inform  engineers  and  the  public  as  to  the  valuable  work 
that  the  engineer  is  doing  and  to  indicate  to  all  concerned 
how  essential  he  is  to  modern  civilization." 

The  Council  adopted  an  amendment    to   the   bj  laws   provld 

ing  that  "the  Executive  Hoard  shall  hold  a  meeting  at  the 
close  of  the  annual  meeting  ol    the  Council,  at    which   time 

it  shall  organize  and  fix  and  announce  a  schedule  of  regular 
meetings  for  the  ensuing  year.'  The  Executive  Hoard  under 
this  authority   voted  to  hold    five   n tings,   two   in   con 

with  the  meeting  ol  the  Council. 

The   Council   voted  to  continue   support    of   the   log: 

reliet  of  the  United  States  Patent  Office  as  embodied 
in   the   Lamport   bill. 
The   Committee   on    Engln  ei  ng    Education,   thi     Executive 
tarj     i  eported,    preferred    nol    to    m  ike    -  i 

'  -lie         "The    subject     ol     61     Ml'.'nll^    educal  ion."    le 

Council,  "is  being   .;  icu    .  .1  at   the  present    time  by 
many  1  ompetent  agi  nci  immittee  prefers  to  make 

idj  or  these  activitl  to  co-01  dinate  thi 

,,-    Horn    lie  ol    the    profei  -ion    at    large 

rather  than  attempt  to  Btarl  Ion     11  the  Council 

liter    this    Held    Ol  ll    all.   It    must    make   some 

distinctive  contributions  and  it  is  not  entirelj  simple  to 
pick  the  righl   path." 

The  Council  voted  10  ■  0  he  movement  to  prepare 

tor    cyclical    Industrial    depn     Ions    and    unemployment    bj 

i   the  council 
ipo  ai  from   \ii  cided  to 

open  conference  with  him  to  ascertain  in  what  waj  the  Coun- 
cil could  be  'id. 

Topographic  mapping  ami  the  establishment  of  a  depart- 
ment  "I    public  WOl  I  -la'  iv  e  mailers   1:. 

nci]  decided  to  contlnui    its  support. 
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Cons  scussion  was  prov<  plan  to  estab- 

lish a  Federation  journal  which  would  I 

neer  enrolled  In   the   Federation.     The  liclty   Committee 

made  no  recommendations  ana  thi    i  no  definite 

action      n    was    generallj    agp  ed   1  ch   i 

should   tn>  established   between   the    I 

rolled  membership,  but  there  was  divi  opinion  as  to 

its  form. 


Track    Extension    and    Reconstruction    by 
Electric    Railways    in    1921 

Track  extensions  buill  by  electric  railways  in  192]  continue 

;.    .    level   that    lias  existed   sini      1916,  according  to 

compiled   by   the   Electric   Railway   Journal.     The 

mileage  reported  for  urban  and  interurban  track  extensions 

during  1921  for  the  United  States  and  Canada  is  147.10      This 

is    divided    10S.15    miles    for    city    lines   and    38.96    miles    for 

interurban  lines.     Practically  all  this  is  made  up  of  spurs  and 

short  extensions  and  few  additions  of  an\   i  on   iderable  extent 

carried  out  due  to  the  extremely  difficult  conditions  under 

which  railways  were  working.     The  city  of  Detroit  stands  out 

as    the   only   place   where   new   construction    was   undertaken 

in  any  great  amount.    There  46.09  miles  of  new  track   were 

completed. 

Electrification  of  steam  lines  was  also  at  a  standstill  during 
the  past  year.  The  extensions  reported  amount  to  but 
8.08  miles,  which  is  nearly  the  same  as  for  1 

While  track  extensions  have  not  been  made,  track  forces 
have  not  been  idle,  as  is  indicated  by  the  large  amount  of 
reconstruction  carried  out.  The  number  of  railways  reporting 
reconstruction  of  their  tracks  the  past  year  is  1S4  and  they 
report  a  total  615.21  miles  as  reconstructed.  This  is  greater 
than  any  year  since  1917.  the  largest  amount  previously  re- 
ported being  for  the  year  1919,  when  390.64  miles  was  recon- 
ducted. 

The    accompanying    tables,    reprinted    from    the    Electric 
Railway  Journal,   give  a  summary  of  the   track   construction 
in  1921  and  a  comparison  of  track  construction  by  years. 
SUMMARY  OF  TRACK  CONSTRUCTION  — 1921. 

C— '         Oq 


,                                                     BS  OcS°fi- 

||  %-a  3|« 

y-  y.zi  So£ 

Track  Extension. 

Number  of  companies    ...        1  26        16 

Miles  of  track: 

Urban    1.55  65. is    9.43 

Interurban    5.01  6  J:'   13.07 


:  • 


25  62  101.75     6.  !0  108.15 
17     38.95 


Total  track  extended    6.56     71.37  22.50    39. SO  110.23     6. ST  147.10 

Track    Reconstruction. 
Number  of  companies   ...      20         !1        2S         S7        176         8        184 
Miles  of  track: 

Urban     63.42  230.31   55.12  115.82  464.67  24.29    188.96 

Interurban     21.84     65.18     8.00 

Totil    track    rebuilt 85.26  295.49  63.12  145.85  589.72  25.49  015.21 

COMPARISON   OP  TRACK    CONST 


f  com-Urbanlnterurban  Electrified 

Tear,  names,     track.       track,     steam  lines. 
C)  (*) 

1.174.5 


1911 

1913 
1914 
1915 
191K 
1917 

191'. 

1920 

> 


163 

104 


77). 
1.204  S 
1,305  0 

716  ' 


251.10 
216  41 

110.90 
145.C9 
108.15 


125. fiO 
97.41 


112.40 

148.20 

275.70 

■ 


887.16 

128.17 

- 


(•) 

(•) 

(•) 
(•) 

l  -I 
C) 

155  13 
361  77 


•Net  available. 

ELECTRIFIED  STEAM  1. 1X1 


New  York,  New  Haven  &  Hartford  R.   R 

New  York,  Westchester  &  Boston    

Northeast  Oklahoma  R.   R 

The  Oshawa   Railway    (Canada)    

Niagara   Junction   Railway    


4.00 

n.si 


What  A.  A.  E.  Did  in  1921 

The  accomplishments   of   the   American   Association   o 
gineers  in  the  past  year  are  summarized  as  follows  by  C    E 

Drayer,  Secretary 

No  other  year  in  the  life  of  the  American  Association 
0f    Engl  such    a    -rowing    strength    thi 

teamwork.    This  is  particularly  well  manil 

instructive  actii  Ities  of  thi    i  bapters.    win 

Elder  service   primarily   to   Heir   local   communities  and 

the  engineers  in  them,  there    ■  a  i    con 

sciousness    thai    through    this    imunity    work,    service    is 

being  rendered  the  nation  and  the  engineei  Ion  as 

a  whole. 

In  voicing  the  views  of  engineers  and  broadening  their 
held,  over  three  hundred  columns  of  new  papei  publicity 
appeared.  In  Feburary,  the  fust  National  Conference  on 
Engineering  Publicity  was  held,  bringing  together  some  of 
publicity  minds  of  the  country,  and  the  proceed- 
ings in  book  form  are   now   on   the   press. 

In    national    public    service    thi      Association    supported    the 

reorganization  of  the  departments  ol    the  Government    on   a 

of   greater  efficiency.     A    pamphlet,   "Reorganization   of 

the  Government  Departments,"   was  published   and   attracted 

consiib  ra  bli    al  ten!  ton. 

\  a  public  service,  and  also  in  accordance  with  its  pi 
to  encourage  engineers  to  seek  public  office  in  winch  en 
gineering  ability  may  be  utilized,  the  Association  vigorous!) 
advocated  the  appointment  of  an  engineer  to  the  Inti 
Commerce  Commission  In  this  endeavor  it  was  gejierously 
supported  by  engineers  not  members  of  A.  A.  E.  and  by  other 
organizations. 

The  accomplishments  of  the  chapters  in  the  way  of  civic 
and  public  service  were  numerous.  Public  improvements 
were  wisely  advocated  and  directed  in  transportation,  water 
supply,   reclamation   and   conservation   of   resources. 

In  maintaining  the  pay  of  the  engineer  on  a  plane  com- 
mensurate with  his  duties  and  responsibilities,  the  Associa- 
tion diligently  strove  through  its  Federal  office,  through  the 
railroad  sections,  and  through  the  chapters  to  prevent  re- 
ductions in  salary  of  government  and  railroad  members. 
The  annual  conference  of  railroad  sections  was  held  in 
March.  Through  its  Federal  office  the  Association  has  co- 
operated very  actively  with  Senator  Sterling  on  the  Re- 
classification Bill,  tabulating  data  in  graphic  form  so  that 
existing  conditions  may  be  clearly  shown  to  Congress,  and 
so  that  while  the  increase  in  salaries  might  indicate  an 
actual  average  of  5  per  cent  through  the  federal  service 
in  the  district,  the  glaring  inconsistencies  needing  correction 
were  effectively  brought  to  their  attention.  The  Association 
has  a  committee  on  salaries  of  engineers  in  teaching  service 
sitting.  , 

In  protecting  the  individual  engineer  from  abuse,  the  Asso- 
ciation contested  successfully  with  several  corporations 
against  releasing  engineer  employes  with  less  than  two  weeks' 
notice  and  has  obtained  general  acceptance  of  the  idea  that 
two  weeks'  notice  of  release  be  given  by  both  employer  and 
employe.  It  has  protected  the  word  "engineer"  against  mis- 
use by  a  corporation  where  "mechanic"  should  have  been 
used.  In  several  instances  legal  counsel  has  been  exl ended 
to  the  individual  member  in  need  of  protection. 

In  maintaining  an  effective  employment  service  for  the 
benefit  of  members  during  the  year,  notice  of  over  6.000 
re  sent  to  all  members  that  asked  to  receive 
them.  Over  3,000  men  were  placed,  about  2.000  through  na- 
tional headquarters  and  about  1,000  through  the  chapters. 
The  annual  saving  to  the  members  effected  exceeded  $300,000. 
A  national  committee  was  appointed  and  is  now  sitting  with 
instructions  to  make  plans  for  employment  service  truly 
national  in  scope,  more  nearly  local  in  service,  and  ade- 
quately financed. 

In  maintaining  ethical  standards  of  conduct,  the  Practice 
Committee  of  the  Association  passed  upon  ten  important 
cases  and  the  findings  have  been  approved  by  the  board  of 
directors.  During  the  coming  year  the  number  and  variety 
of  cases  will  be  increased  so  that  by  the  end  of  1922  a  booklet 
may  be  published  for  the  guidance  of  the  profession  and  the 
public. 

In  elevating  the  plane  of  practice  and  protecting  the  com- 
petent engineer  from  unjust  competition  of  dabblers  and 
quacks,  in  requiring  the  man  who  wishes  to  practice  en- 
gineering to  appear   before  a   legally  constituted   board,  the 
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Proper  Handling  of  Ties 


■  on    brought    about    th<  of    all  Inclusive 

laws  in  eight  states.    Thus  tar  then 

with  all-lncl                     e   laws,  and   live  with  Bome  form  of  Useful                   na   on    piling    and   distributing   cross   ties 

law      Bills                                                                 ites,  but  iliil  were  given  by   v.  s.   Pooles    I  e  agent  of  the  Chicago.   Mil 

not  pass.     While  lit.:'  is  an  off  year  for  legislatures,  several  waukee  &   St    Paul   K>  „   Id   a    paper  presented   at  a   recent 

bills   will   bo   introd  staff   meeting  "I    the   st'                           i    the   railway.     The   notes 

To    help    the    practicing    engineer    m    the    solution    ol     his  following  are  taken   from   hi-   paper, 

probli                         lOCiatlon   has   a   committi  Piling  Ties  on  Right  of  Way.      The  grass  anil  weeds  should 

fees  of  practicing  engineers  which  proposes  to  hold  a  national  he  cut   away   for  BOmi                                 I      ides   of  the  piles,  as 

conference  during   i  not  the  least  of  the  enemlef     I  the  cross  tie  Is  fire,  particular- 

During   the   year  an   outstanding   change   occurred    in   the  ly  in  the  spring  and  autumi     ■  ■  ons,  when  vegetation  is  drj 

' .mom    of    responsibility    and    the    division    of    receipts  and  easily  Ignites 

from   fees   and  dues;    tiO   per  cent    was    returned   to   the   local  The  supports   for   tie   pile     -hoiild   be  either  of  sound   tim- 

units    for    their    independent    use.      Work    of    national    head-       ber,   or   preterably   Bto I    brick,   as   rotten   supports   are   a 

quarters  was  reduced  by  discontinuing  all  special  depart  menace  to  sound  timh.i  i1  .  ame  as  a  case  of  smallpox  or 
meats  except  employment,  federal,  and  professional  engineei  scarlet  fever  Is  a  menaci  to  people  who  are  near  it.  The 
The  end  of  1921  found  the  Association  with  195  chapters  ground  must  be  well  i  i.e  factors  necessary  to  de- 
and  61  clubs.  The  membership  Dei  D  bi  l  1  1921,  was  Jl'.L'LiH.  cay  are  moisture,  heat  ami  air.  We  cannot  exclude  the  heat 
of  which  :;,300  are  students.  Eight  hundred  new  student  or  au*i  but  careful  piling  ill  eliminate  moisture  to  a  con- 
member-  were  added  this  fall.  siderable  extent.    Track  men  omit  one  of- the  supporting  ties 

of  top  tier  and  pile  '                  :..sely  together  to*  form  a  slant- 

_              roil                        •    L   ci  '"B  r00f  or  water  ^ed  over  the  ties. 

Cost  Ot   ballasting  With  blag  When  ties  are  stored  an>    length  of  time,  it  is  desirable  to 

In  a  report  of  the  Committee  on  Ballast  of  the  American  l»le  tnem  :ls  closely  together  as   possible,  consistent   with   a 

Railway   Engineering   Association    in    the   September   bulletin  iu\  Circulation  of  air.  but  they  never  should  be  piled  In  solid 

of  the  Association,  the  following  data  on  ballasting  track  with  ranka  llke  .™rd  woo<    "r,  stood   ""  end"     Protecting  the  ends 

ot  ties  m  piles  from  the  direel  rays  of  the  sun  prevents  check- 

8  in.  of  slag  placed  under  the  ties  are  given.   The  information,  ing  an(i  splitting 

obtained  from  a  questionnaire  sent  out  by   a  subcommittee.  Small  "S"  shaped  irons  are  often  driven  into  the  ends  of 

relates  to  the  work  on  one  railroad.  ties  across  a  season  check  to  prevent  further  splitting.    This 

Table   I  summarizes  the   labor  and   material   costs   on   six  device  costing  applied  less  than  5  ct.,  often  saves  from  76  ci 

jobs.     The  figures  do  not  include  the  cost  of  miscellaneous  ^Sbutforfof  Ties.     It   ,s   important  to  use  the  right  tie 

items,  such  as  handcar  turnouts,  rail  rests,  etc.  in   the  right  place.     It   is   not    economy   to  use  cedar  ties  or 

TABLE   i                                        ami    MATERIAL    FOB    BAL-  s°f*  wood  treated  ties  on  portions  of  the  road  where  traffic 

LASTING  is  heavy,  or  where  there   many  curves,  because  in  such 

r>„..,i...        Job-                             (1)                                "        l3)        'S'  cases  the  ties  are  destroved  bv  mechanical  wear  long  before 

KO>  ait>      JO.  159                          ,                           ' 

Loading— measurement  in  car. JO  19                              1.191     ■.:.  I  SO  195  the  expiration  of  their  physical  life.   For  this  reason,  in  recent 

Pit   engine  and  switching 068                                                     054  years  at  least,  we  are  as  tar  as  possible,  using  soft  ties   on 

Hauling     1                                                             105  *.      ,,   ..            '             ,     ,                     .,                 '         ,      .             ,    .        . 

1'nloadmg    ;       004       '>"!  tlle  lighter  or  branch  lines,  sending  white  oak.  treated  hard 

Skeletonizing    ■    -         i;  maple,  red  oak,  etc.,  to  the  large  terminals  or  to  our  heavy 

Spacing,    etc 024        "1-       ."1-        >".r>       .""::       .">':'.  i,     ,.             „   .      '         ,.                                                     ,      .              , 

Kaising    ,1  traffic  lmes.     Cedar,  or  other  soft  wood  ties  can  only  be  used 

Surfacing,  lining  and  dressing      it:      ,134                               102        l":  to  advantage  under  heavy  traffic  when  protected  by  good  and 

Cost  per  cu.  yd.  In  track  sufficient  tie  plates,  and  even  then,  their  use  in  such  locations 

•  l     ." joTt^  JO. 801  JO. 842  $0,754  JO. 756  JO. S01  is  questionable.     In  other   words,  we  may  state  as  a  general 

i.   yd    per   mile   2.600     2,6!                                  500     2.600  _,,,_    ftl„t    in    nrjpr  ,„    „...    ,,,,,    mavimnm    life   out    of  a  cross 

er  mile  ballast  In  place.fl                                                   190  J2.084  ' ule'   tnat   in   oraer  t0   B'  '    ""     "laxl,llum    11Ie   oul   ot.  *  cro8s 
No    ties  inserted  per  ml                          221       980        i     1,261  tie  it  must  be  protected  either  by  mechanical  devices  or  by- 
cost    per  tie    J0.75     JO. 52     $1.01     $0.97     $0.94     J1.07  loritinn  to  thp  limit  of  its   nhvsical  lifp 

-e  '•ost  per  tie  In-erted. $0,076  JO  nss  $0                       1.098  J0.086  location  to  tne  limit  ot  lis  pnysicai  me. 

Average  train  haul,  miles   ...                            50.8         8'J       109       130  Another  question   in   regard   to   the  distribution  of  ties  for 

Job.  No.  1   covers  the  ballasting  of  20  miles  of  main  line  repairs   is  whether  in  tb           e  ol   ties  coming  from  another 

track  between  M.  P.  229%  and  249%.     The  slag  was  loaded  division  or  from  points  off  our  line  of  road,  should  be  unloaded 

by  contract  at  33  ct.  per  cubic  yard  foi                          cu.   yd.  i'r01»   cars   directly   to   the   poinl   on   right-of-way   where  they 

and    ^                      cubic    yard    for   remainder,    pit   measurement.  are    t0    be    used    for    repairs,    even    if    between    stations,    or 

The  contractor  furnished  all  powder,  labor  and  steam  shovel  whether  such  ties  should   be   unloaded  and  piled  at  stal 

for  loading.     The  company   furnished    pil    engine   and   crew.  and  moved  to  points  when    needed  on  push  can.    The  latest 

The  work  was   done  from   August.   1912,   to   March,   1913,  in-  and  most  approved   p                                        to   Indicate   unload- 
ing of  ties  at  stations  where  they  can  be  cribbed  up  in  a  san- 

!    .overs  the  ballasting  of  15  miles  of  track  be-  itar-v  manner  and  where  thej  can  be  easily  Inventoried;  mov 

tween  M.  P.  23.68  and  38.66.    Tl                             ed  by  contract  ing  them  to  points  whi                            bi    used        needed. 

able  .card,  the  contractor  furnishing  all  powder, 

labor  and  Bteam  shovel  for  loading.    The  company  furnished  Census  of  Safety  Workers 

}"">  ,l,lmi'  •"'  How    many   persons   are   engaged    in   preventing   accidents 
sm('r                                        '    '■'      "■'"•    The  work  was  done  and  promoting  good  health  in  the  engineering  and  contracting 
from  July,  1913,  to  January,   l  building   supplies   fields?     Although  it  is  known  that 
ballasting  2K.::4   mil.-,  of  track   between  and  contractors  havi   taken  a  deep  interest  in  safety 
•M    '                                                                                   contract  work   in   the  past   few    yi                  have   accompUshed   great 
at  30                                 ird,  the  contractor  furnishing   all    pow-  things    in   the    prevention    ol    accidents,    there    is    nothing   to 
der    '■                              shovel  Mr  loading,  and                     aj  Bnow  ,u,w  man,  mell  aIll|  v.,(.                        ,,  reaponsibli 
fun"                                   '"'  "■'•'*      ''  •                                          " '"'  this   work   in   these  Belds    .          w  hole.     The   National  Safety 
dur")                       ■"  ;'  royalty  ol   l"  ct,  pei    ton      The  work  ,_-,,, imii  is  now  taking  a  census  which,  when  completed,  will 
1913,  to  January,  1914  ,  now  many  Bafety  WOrkers  there  are.    This  census  will 
Job.  N                                                                                                 d   M.  include   all    persons   engaged    111   safety   and    industrial   health 
l'.  Hi                                       ;g  loaded  on                                 for  activities  in  all   Industrie      and    those  who  are  doing  public 
ard,  pit  in ♦                       (York  done  February  safety  work  as  well      The     .-nits  of  the  census  will  show 
M  bow   the  engineering  and   contracting   and   the   building   sup- 
Job  n                     ballasting   i;                 ol   track  bel  Held    compare  with  other  industries  in  respect  to  the 
M.  r                              -lag  loaded  oi  imbi                                                      and  health  work. 

■  Ion.-   April  to  This    is    the    first    time    that    any    attempt    has    ever    been 

July.  1914  mad.-  to  list   the  thousands  of  persons  who  are  now   profes- 

J<di    N                     ballasting  ZG  ally  engaged  In  the  safety  movement.    The  census  In- 

P.  74  •  ludes  licit   only  members  and  employees  of  members  of  the 

National    Safety    Council,    but    all    persons    engaged    In 
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and    industrial   health   activities    regardless   of  whether   tin  13 
are  connected  with  the  Council  in  an)   svaj  or  not. 

Every  reader  of  this  publication   who   Is   professionally  en- 

!  In  industrial  or  public  accident  p     vention  or  Industrial 

health  work — whether  he  is  devoting   1       or  only  part  of  his 

time  to  accident  prevention-  can  assisl   In   the  taking  of  this 

IS  by  filling  in  the  following  form  and  sending  it  to  the 

National  Safety  Council,  168  -North  Mli  tvenue,  Chicago: 

Name    

Company  or  organization    

City  S  

Nature  of  company's  business    

Is  safety  your  principal  work?   

Please  check  other  activities  you  engage  In: 

Fire  protection  Engineering  (other  than  Bafety) 

Health  _;nd  sanitation  Legal 

Workmen's  compensation  and        Insura 

claims  Welfare 

General   executive    (such   as       Educational 

managerorsuperlntendent)       Industrial    relations 

How  long  have  you  been  in  your  present  pos  

Technical  or  other  snoclal  education? 

Signed     

Title    


Railroad  Construction  in  1921 

New  line  construction  in  1921  showed  an  increase  over 
the  mileage  of  1920  according  to  statistics  compiled  by  the 
Railway  Age.  During  the  year  475.10  miles  of  new  line 
were  completed,  which  in  comparison  to  the  low  record  for 
1920  of  313.71  miles  is  an  increase  of  about  45  per  cent.  It 
is,  however,  far  below  the  mileages  built  previous  to  the 
World  War  and  from  about  two-thirds  to  one  half  of  that 
built  each  year  during  the  four  years  previous  to  1920. 

Total  mileage  (first,  second  and  other  multiple  main  track) 
also  increased  in  1921,  reaching  642.22  miles,  of  which  143.07 
and  25.26  miles  were  second  and  third  track  respectively. 
This  multiple  track  construction  is  an  encouraging  increase 
over  1920  when  but  414.35  miles  of  all  track  were  completed,' 
of  which  90.87  and  1.89  miles  were  second  and  third  track. 
Other  railway  construction  was  concerned  almost  entirely 
with  the  completion  of  a  few  large  projects  and  a  number 
of  small  ones  started  in  previous  years.  Little  new  work  of 
any  size  was  inaugurated  during  1921. 

In  Canada  there  was  a  considerable  decrease  in  total 
mileage  constructed  as  compared  with  1920  and  almost  no 
building  of  second  and  other  multiple  track  work.  With 
261  is  miles  of  first  track  and  6.57  miles  of  second,  Canadian 
mileage  came  close  to  its  low  record  of  1918. 

The  longest  stretch  of  line  was  that  constructed  by  the 
<  .\.rnment  Railroad  of  Alaska — 81.95  miles.  The  remain- 
ing, first  track  mileage  was,  in  the  main,  divided  approxi- 
mately among  seven  states,  with  Texas  leading  with  63.6 
miles  and  Florida  next  with  59.9  miles. 

The  following  table  reprinted  from  the  Railway  Age  shows 
the  mileage  of  new  track  built  in  1921  in  the  various  states: 


NEW   TRACK  BUILT   IX   1921 


Number 

companies 

building. 


Utiles 

first 
track. 
81.95 

5.27 
59.90 

4.80 
10.00 

7.54   , 


Mil.  s 

second 

track. 


33.80 
9.65 
5.50 


0.80 


United    States 

Alaska     

Arkansas     4 

California     4 

Florida     4 

Georgia     2 

Hawaii    1 

Idaho    1 

Illinois   1 

Indiana    2               4  77 

Kansas    2              0  7". 

Kentucky 3              1.57 

Louisiana  1              7  gi 

Maryland     1 

Minnesota     1             '3  66 

Mississippi    3              7  go 

Missouri    4               4  0., 

Montana    ..  1 

Nebraska    1            ii  06 

New  Jersey 1               ^gn 

New   York    1 

North   Carolina    2             48  00 

2W°.    2               ....                 S.S5 

Oklahoma  5  44.92  

Pennsylvania     3               5.52 

Tennessee     1               6  00 

T«"-S 4             63.60               "  2.17 

£tal!  .  3             12  B2               11.19 

Washington     1                ;  ;,i, 

West  Virginia    5             44.90               21.52 

Wyoming     1             16.94               29.13 

T°<a!    66  475.10             143.07 

c*nada      10           151.28  6.57 

•Includes  0.11  mile  of  fourth  or  more  track. 
.Includes  0.68  mile  of  fourth  or  more  track. 


Miles 
third 
track. 


13.30 
0.'J5 
0.'35 


Wages  for  Hewing  Ties 

Some  interesting  information  on  the  prices  ol  hewn  railroad 
ties  and  wages  oi  Choppers  are  gi  a  In  B  recent  issue  ol  the 
American  Lumberman.     We  quote  as   follows: 

Prices  for  tie  making  vary  over  the  country,  depending  on 
whether  producers  really  want  ties  made  or  whether  they  are 
merely  supporting  their  particular  territory  by  paying  very 
low  wages  for  such  ties  as  are  made  rather  than  closing 
down  operations  altogether.  One  southern  railroad  recently 
quoted  the  following  prices  it  would  paj  lor  Grade  5  7x9x8 
ties  on  its  right  of  way: 

White  oak    SO  ct.         Red  oak     

Heart  pine   40  ct.         Sap  pim  20  c( 

Heart  cypress  60  ct. 

In  the  Pacific  northwest  one  organization  reports  the  fol- 
lowing prices  paid  tie  makers: 

6x7  ties    15  ct.  :si   ties    25  ct 

7x7    ties    20  Ct. 

Another  organization  states  that  the  last  scale  known  for 
hewn  ties  was  28  to  33  ct.  for  No.  1  ties.  In  the  Pacific 
northwest  railroad  purchasing  agents  state  that  if  they  were 
in  the  market  for  hewn  ties  they  would  probably  pay  45 
ct.  for  No.  1  (7x9)  hewn  ties;  and  35  to  37  ct.  for  No.  2 
hewn  ties   (7x7;    7x8). 

A  careful  investigation  made  on  behalf  of  the  American 
Lumberman  by  another  western  man  developed  the  fact  that 
prices  paid  choppers  in  various  parts  of  Montana  vary  ac- 
cording to  whether  No.  1  or  No.  2  ties  are  hewn.  What  is 
termed  the  weighed  average  price  paid  choppers  varies  from 
17  ct.  to  19  ct.  a  tie.  In  Montana  they  are  paid  according  to 
the  following  schedule: 


In  Wyoming  camps  a  new  schedule  of  prices  has  been 
adopted  since  Oct.  15.  A  No.  2  tie  is  defined  as  one  with  a 
6  in.  face  and  7-in.  thick.  A  flat  rate  of  9  ct.  a  tie  is  paid 
choppers  in  Wyoming  camps  for  the  No.  2  ties  and  a  flat 
rate  of  18  ct.  each  is  paid  for  No.  1  ties.  In  order  to  be  paid 
at  the  rate  of  18  ct.  a  tie,  however,  choppers  may  hew  ties 
to  any  of  the  following  dimensions:  7x7,  7x8,  7x9,  or  8x8, 
8x9. 

The  prices  paid  for  ties  by  the  Union  Pacific  R.  R.  Co., 
according  to  the  best  information  available  and  which  has 
been  checked  up  at  various  points  is  89  ct.  plus  2  ct.  for 
loading  or  91  ct.  f.  o.  b.  cars. 

Tie  operators  in  Wyoming  are  paying  8  ct.  for  stumpage; 
10  ct.  minimum  for  hauling  to  banks  of  creeks;  20  ct.  min- 
imum for  driving  to  railroad;  2%,  ct.  for  loading  on  cars,  and 
the  stream  improvements  and  the  building  of  roads  and  camps 
is  estimated  at  an  additional  10  ct.  a  tie.  The  tie  hazard  is 
said  to  be  large.  This  estimate  which  is  fairly  accurate  does 
not  include  overhead,  or  losses  on  bad  accounts,  sinkage  in 
river,  losses  at  booms,  losses  due  to  minor  thefts  nor  the 
rejects  by  the  railroad  company. 
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News  Letter 

ST.    LOUIS    ITEMS. 
By  A.    B.   Koenlg. 

M  L.  Windham  has  moved  a  shovel  outfit  on  to  a  new  Illinois 
Central  job  in  Kentucky. 

Wm.  ON.il  Sons  Co.,  Faribault.  Minn.,  have  40.000  yd.  of  road 
work  at  Wayne  City.  111.,  to  sublet. 

Appropriations  totaling  over  $200,000  for  street  paving  have 
been   voted   by   the  city  council  of  Alton,    111. 

H.  J.   Massman   Is  doing  some  riprap  and   shore  protection   work 
for  the   Missouri   Pacific   R.    R.    in    western    Kansas. 
,t  5Sbt',J'  °''ver  &  Co..  5630  Pershing   Ave.,   St.   Louis,   Bio.,  have 
15,000  yd.   of  wheeler  work   al    Mexico,    Mo.,   to  sublet. 

J.  J.  McCaughey  Co..  Chicago.   ■■■  .       m  le  cut-off  and 

track  la.ving  in  Kentucky  i  l   I:    R.  Co. 

F.  W.  Hoyt  of  the  Hercules  Powder  Co.  reports  a  nice  business. 
Hoyt  is  always  on  the  job  in  the  Railway  Exchange  Bid       hi 

Ira  J.  Prlnty  has  moved  a  machine  outfit  to  Johnston  City,  111.. 
where  he  is  building  a  reservoir  that  he  subbed  from  the  K.itz 
Const.    Co. 

St.  Clair  County.  Illinois,  will  construct  28  miles  of  new  roadway 
immediately.  D.  O.  Thomas.  Belleville.  III.,  is  superintendent  of 
St.   Clair  County. 

Dudley  &  Orr  of  EI  Paso,  Tex.,  securer!  contract  for  grading  and 
bridging  47  miles  of  railroad  in  Mexico.  Work  la  to  be  finished  in 
150  working  days. 

A.  L.  Cook  is  going  to  do  the  team  work  on  the  C.  R.  Cummins 
lob  at  Denison,  Tex.  Cook  will  place  some  of  the  outfits  he  has  In 
Te^as  on  this  job. 

Z.  C.  Mitchell  of  the  L.  .1.  Smith  Construction  Co.  has  fullv 
recovered  from  his  recent  illness.  Mitchell  was  here  looking  over 
the   Missouri  Pacific  work. 

Contractors  when  in  want  of  work  or  labor  for  their  outfits 
write  Koenig  Labor  Agency,  612  Walnut  St.,  St.  Louis,  Mo.,  or  501 
Delaware  St..  Kansas  City.   Mo 

R.  T.  Amis  of  Kansas  City  is  scouting  around  for  a  team  Job 
for  lis  outfit  which  is  about  idle.  Address  him  care  of  Koenig 
Labor  Agencv.   ."01   Delaware  St..  Kansas   City,   Mo. 


(  ontracting  for  January    18,    1922. 
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Personals 


Harry   Myer->  lia.s  been  appointed  cltj   engine 
Walter   S.   Craven 
Utah 

R.  Walter  Jarvls  lias  been  appointed  superlntendei  I 
Indianapolis,  ind. 

Paul  Latchem  lias  been  appointed  city  engineer  and  street  com- 

n  "i  Wabash,  bid 
Lester   E.   Prouty    b  I   county   hlghwaj    en 

Ira    I  ■olllity,    Ala 

J.    F.    Rodenbough,   Ottumwa,    ii  ,    has    been  county 

.  nglm   ii   .  i  St.  .'-lira    l 

William    t.   Jackson,  l    and    treasurei 

Jackson    &    Son    Co  has   been   appoint) 

public  sen  li  e  "i  Toll 

Robert    Clark    Hill.  I  DeL,     who    for    the    htsl 

been  ■  ountj   englm  ■ 

aware,  was  elected  englni  i  922. 

Col.  James  Costelio  lias  been  ipei  ntendent 

■  ii    the    raoiiiity   roads   dep   rtment    ol     Ulegheny    County.    Pennsyl- 
vania, succeeding  Albert   Simons    deceased. 

R.    F.    Kelker,   Jr.,    M.    D.    Gates   and   C.    E.    De    Leuw    announce 
the  dissolution  of  thi  r,  Gati  De  Leu       ol   Chi- 

cago, effective  Jan.  l.   192  Irm  ol    Kelker,   De   i  •• 

Co    will    i  1 1  i    ovei    .1  contracts  except    lira-    I 

Drainage  District  of  Worth  County,  Mo.,  and  nira  Upper  Sa 

;■•■  Disti  ii  ol   i  ly.  111.,  which  will  be  bandied  by 

ites.     Kelker,  De   i  ,i  ««    &  i  ral   mu- 

niraipal  anil  sanitai  >    • 
Chicago. 

Joe   S.   Boggs,  Stale   Highway    Enginei 
nounced  complete  reoi  ol   tie  divisional  engineers' 

in    his   department,    effi  iced    from 

Ilillra    tO    Six.        I 

and  headquarters,  arc  as  follows:    No    I— S.  J.  B 

R,    Ellli  i     Pa  '  icah:   No.   2—  ii.    D.    Palmot 

C.   T.   Herndon,  assistant,    Bi  n;   No.   3     M.   D.    Ross,  cn- 

gineer,  James W,  Norton,  a  n;  No.  4— T.  B 

engineer,   P.   H.  Yancey,  ass  »tant,   Wlm 

kins,  engineer,   \\  .  M     I  lie:  No.   6— M.   E.  s 

engineer.  R.  W.  Wi  nt,  Ashland. 


Obituaries 


James  Walsh,  railroad  builder    mil  Hnancler,  died  Jan.   11  at  his 
borne,  60i    Ru   h  St.,  i                       ed   86 
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Mew   Y.rai.   In   the  spring  to  superintend 


Trade  Publications 


The   followl  to  engineers  and 

Cr.i. 

new  "indi  " I aclty. 

Motor   Trucks.     Tiil'i    Wl T    Rn,    0       Built 

f-ton    motor  trui  I 

Tr.v  toi  i  in      Bulletin    lllus- 

t ratlin,-  and  di 

h   Handling  Machinery.      Bay  raw 

Mich.     12  pat;.,  catalog  lllustratli  crlbing  orawlei 

walking        i  n  i  ii.i\ el  loaders,  ■  ram 

ind  other  excavating  l 
Lubrication    ot    Steam    and    Oil    Enolnes— Vacuum    Oil    C 
Ifork  City      Two  booklet*  prepared  by  thi 
■nil, .nt  of  this  companj     one  dealing  with  the  stationery 
.iii.i   the  othei    w  th  oil  eni  Ines  of  the  surfm  ■ 
Irani  type 
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(a)  Roads  (c)   Street  Cleaning 
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System 
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tation 
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E.    &    C.  Index    Furnished    Only    on 
Request 

The  index  for  Vol.  LVI — July-December,  1921— issues  of  En- 
gineering and  Contracting  is  now  being  prepared.  In  common 
with  many  other  publishers  we  have  adopted  the  practice  of 
sending  the  index  to  only  such  subscribers  as  request  it. 
Therefore,  if  you  want  the  index  for  the  last  6  months  you 
should  notify  us  at  once.  Those  who  requested  the  index  for 
the  previous  volumes  have  been  listed  and  need  not  notify 
us  again. 


Should  Passenger  Stations  Be  Archi- 
tectural Monuments? 

It  was  the  late  Charles  Mulford  Robinson,  if  our  memory 
serves  us  correctly,  who  first  suggested  that  the  gate  to 
the  walled  city  of  other  days  was  a  monumental  thing,  sym- 
bolizing the  strength  and  magnificence  of  the  city,  and  im- 
pressing them  alike  upon  stranger  and  citizen  as  they  passed, 
so  should  the  modern  passenger  station  be  planned  to  im- 
press  arriving   and   departing   travelers. 

In  this  suggestion  we  believe  that  Mr.  Robinson  was  right. 
The  fact  that  he  sometimes  appeared — particularly  to  the 
hard  headed  engineer — as  an  impractical  idealist  does  not 
brand  all  his  great  conceptions  as  flights  of  fancy,  impossible 
of  realization. 

This  suggestion  of  Robinson's  is  called  to  mind  by  the 
announcement  that  the  new  union  passenger  station  at 
Cleveland  is  not  to  be  of  the  monumental  type.  We  are  not 
sufficiently  familiar  with  the  Cleveland  situation  to  criticise 
:he  decision  in  the  particular  case.  The  great  cost  of  the 
ndispensable  features  of  the  station,  the  present  hard-up 
condition  of  the  railroads,  or  other  reasons  may  justify  the 
imitations  imposed;  but  the  necessity  for  them  is  a  proper 
Subject  of  regret,  and  it  is  to  be  hoped  that  similar  neces- 
ities  will  not  arise  in  other  cases. 


As  we  see  it,  the  logic  of  the  monumental  railway  station 
and  of  most  other  public  and  quasi-public  structures  is  this: 
America's  productive  power  is  now  vastly  beyond  that  nec- 
essary for  the  mere  supplying  of  the  physical  needs  of  food 
and  shelter.  The  excess,  quite  obviously,  is  spent  for  the 
most  part  on  pleasures  and  luxuries;  and  of  these,  few  indeed 
are  as  thoroughly  wholesome  as  is  the  enjoyment  of  beau- 
tiful  architecture. 

The  theater  and  the  high  class  hotel  are  made  beautiful 
as  a  business  necessity.  No  one  questions  that  they  should 
be  so;  but  for  other  buildings  there  is  often  criticism — "These 
gorgeous  bank  buildings  show  that  the  banks  are  making 
too  much  money."  "Why  don't  the  church  people  help  the 
poor  instead  of  spending  their  money  for  steeples  and  colored 
windows?"  "The  railways  ought  to  lower  their  rates  instead 
of  building  depots  like  palaces."  The  reason  that  such  criti- 
cisms receive  and  deserve  so  little  attention  is  that  they 
approach  the  subject  at  the  wrong  point.  If  it  were  true 
that  the  money  saved  on  imposing  architecture  would  be 
turned  to  the  benefit  of  those  most  in  need,  we  should  say, 
"Right!  Let  us  postpone  such  luxuries  until  all  people  are 
supplied  with  the  more  vital  things."  But  neither  business 
nor  personal  ethics  in  America  has  as  yet  reached  so  high 
a  plain.  It  is  inconceivable  that  the  curtailing  of  these 
"luxuries"  would  materially  benefit  the  people  most  in  need 
of  help.  In  fact  we  think  it  most  likely  that  whatever  savings 
might  be  made  would  be  spent  in  ways  of  less  benefit  to  the 
poorer  citizen.  We  grant  the  need  of  a  better  distribution 
of  wealth  and  income,  but  not  the  need  of  dispensing  with 
the  beautiful  and  inspiring  in  order  to  get  it.  Limitation  of 
the  railway  station  is  a  particularly  inconsistent  way  of  im- 
proving distribution,  because  the  station  is  so  completely 
a  place  for  the  equal  use  of  rich  and  poor.  It  may  even  be 
the  only  building  of  magnificence  entered  by  some  of  the 
latter;  and  we  think  that  its  influence  is  good,  for  the  poor 
man  has  not  merely  the  privilege  of  looking  at  it;  he  actually 
uses  it;  and  if  he  is  a  man  of  appreciative  sense  and  feelings, 
he  takes  pleasure   in  the  knowledge  that  it  is  Intended   for 
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ttoa  manj  i  onunntt 
proprli  d   pride  In   tl  I  on   through   which 

•  ie  way  thej 
■ 

depot 
w .   hope  that  there  will  not  othei 

.    utilitarian" 

■ 

Labor  Leaders  and  the  Landis  Award 

■ 

I  aicago 
balldii  .  nplalnt,  hick- 

m-.ii  to  .ii  Idi  •  "'•  until  no«   inn 

n\  oi\ ••<!  remain  loyal  to 

I    loll 

if   the   union 

i  sals  and  vacillating  at- 
tuallj    lined 
ii    the   Chicago    Building    Trades   Council    (the    elec- 
I  iron  work*  - 

now    on   record  as 

■  ;   the  arbitration  award.     As  to  the  breach 

of  faith    Involved   we   havi  time   nothing   to  add   to 

i  e  have  alreadj    said,    but   tl  i  meats  to   be 

ipon  certain   clrcnmstai  recenl    developments 

It  i~  difficult  t>>  eaoape  the  conclu  id  leadership 

and  Intimidation  :•    for  the  final  swing  of  the 

union  mer's  graft   In 

Mons   both   in  Chicago  and   New   York,   it    is   amazing 
that  such  leadership  should  be  retained.       Our  belief  is  that 
man   for  man.   union    members   average   about   the   same   as 
\infi icans  in  Intelligence  and  Integrity;   which  means 
that    they   often   err   in   Judgment;    are   subject  to   prejudice, 
and  are  very   largely   selfish;    hut   that   withal  they   have  a 
of  honor,  and  would  much  rather  do  right  than  wrong 
How   it  happens  that  organizations   of  such   average  men 
swung  from  the  paths  in  which  their  individual 
better  judgments  and  inclinations  lead  them,  is  a  psychologi- 
■  blem  not  to  be  solved  here.     But  in  the  face  of  the 
more  than   ample  evidence   that   many   of  their  leaders  have 
been  so  corrupt  as  to  exploit  the  unions  for  their  own  benefit, 
their  actions   in   some   instances   extending  to  plain  robbery, 
k  of  any  active  spirit  of  purification. 
v  which    repudiated    the    Landis 

award,   there   was   an   election   of  new   officers   which   is   said 
to  indicate  the  ascendanc]    of  "Big  Tim"   Murphy   In  union 
affairs       Hovi    great    Murphy's    power    in   the   unions   may   be 
not  know,  but  his  entrance  Into  the  hall  was  greeted 
with  loud  cheering.    "Big  Tim,"   it  is  to  be  remembered,  is 
now  at  liberty  under  bond,  pending  an  appeal  from  his  con- 
viction   BOm<     months   ago   of  conspiracy   to   rob   the   United 
mail     It  is  particularly  unfortunate  for  labor  that  Mur- 
phy should  appear  In  such  a  liL-ht,  for  he  is  a  man  who  is  be- 
.  art  of  the  community  to  be  thoroughly  bad 
and  guilty,  though  unconvicted,  of  other  serious  crimes. 

I'nion  labor  Beems  in   many  instances  to  be  stagnating  in 
bad    leadership.     It    does  not    throw  off  the  Incubus,  and  of 
been  losing  some  of  the  prestige  and   sympathy 
it  so  hardly  won  through  many  years  of  effort.     The 
turn  of  public  sentiment   has   been  unmistakable  and   it   will 
go   further  unless  condii  ntially 

right  desire  to  hotter  iho  condition  of  Its  members  has  led 
Labor  to  attempt  too  much.  and  to  use  bad  methods  in  many 

are  of  others 
as  other-   often   have   been   ol  and   the   public 

■    blind  in  thi  union- 

ism's ;  from  leadership  all  men 

not  i  be  onlj 

I  -hip.    for    In 
may  work   disaster,   but 
for  purification. 
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The  Elongated  City 

I'niloubtedly.  whethei   consciously  or  unconsciously,  either 

the  square  or  the  circular  form  stands  in  the  eyes  of  most 

is  the  Ideal  outline  for  a  city;  while  the  frontier  town 

fling    out    on    both    Sld(       Of    its    long    "Main    Street."    Is 

is    just    about    the    ultimate    Of    civic    ugliness    and    In 

■  ncy. 

Without  gob  i  io  the   theory  of  citj    planning,  we 

would  point  out   ihat  the  advantages  are  not  all  on  the  side 

more  comp.o  nd  that  whore  new  projects  or 

ions    permit    of    sufficient    control    and    guidance,    the 

elongated    plan    may    actually    po   Bee      the    greater    sum-total 

of   merits. 

01   course  if  the  pun,.  .    point   within 

the  city  as  close  as  possible   I  I    point,  the  circle 

correct  Dgure,  with  the  square  as  a  reasonably  close 

1      For  the  sake  of  convi  limit  our  refer- 

io  the  circle,  and  consider  that  all  ol   its  relations  to 

which   we  may  refei  ,    and   obvious  counterparts  In 

the  sqi 

i "io-  grouping  of  the  city's  developments  within  the  circle 
will   be  essentially  either  on  zones  like  the  rings  of  a  target 
ore   or   on    fractional    combinations   of   these       li 
the  <      tei  cupied  by  the  retail  store  and 

business,  with  various  combinations  ol  industrial,  resi- 
dential and  mixed  01  i  upancj  grouped  about  it  In  imperfect 
zones  and  sectors. 

Usually  the  worst  combination  of  different  uses  is  that 
which  brings  a  residential  area  into  direct  contact  with  a 
i during  area,  railroad  yard  or  the  like,  but  the  circular 
form  of  itself  conduces  to  these  very  contacts.  The  best 
that  can  be  done  with  them  is  to  extend  narrow  parks  be- 
tween  the  incompatible  areas  or  to  develop  secondary  retail 
streets  as  lines  of  separation.  Kit  iter  of  these  courses  will 
be  unsatisfactory  at   times,   or   perhaps  even   impossible. 

The  city  which  is  developed  in  more  or  less  parallel  bands 
instead  of  in  poitions  of  a  circle,  has  the  advantages  of  a 
quite  natural  separation  of  its  areas,  and  an  arrangement 
permitting  of  growth  without  the  development  of  objectionable 
contacts.  Although  in  any  sizeable  community  there  would 
be  certain  variations  and  many  minor  subdivisions,  three 
principal  zones  or  bands  would  be  in  evidence  as  comprising 
the  residential,  business,  and  industrial  districts.  The  busi- 
ness district  would  separate  the  other  two,  and  each  of  the 
three  could  grow  at  both  its  ends  without  any  tendency  to- 
ward conflict.  Admittedly  it  is  not  a  compact  arrangement, 
but  with  perhaps  a  few  exceptions,  extreme  compactness  is 
no  longer  either  sought  or  desired  for  a  city  as  a  whole. 
Modern  transportation  more  and  more  appears  as  a  revo- 
lutionizer  of  our  environment  and  manner  of  life. 

Longitudinal  str,  •  1  width,  probably  divided  for 

the  accommodation  of  different  classes  of  traffic  would  of 
course  be  necessary  features  of  such  a  plan.  In  the  Ideal 
city,  each  person  would  live  approximately  opposite  his  place 
of  business  or  work,  and  in  going  to  and  from  it,  would 
tor  the  most  part  follow  a  lateral  street  either  into  the  busi- 
ness district  or  across  it   to  the  industrial  section. 

Of  course  no  one  expects  that  any  city  is  going  to  be  built 
on  quite  such  simple  lines  as  these.  There  will  be  variations 
red  by  topography:  local  business  centers  In  the  resi- 
dential district  will  still  he  necessary  in  some  cases,  al- 
though the  elongated  plan  will  reduce  such  requirements: 
prior  developments  and  •  tabllshed  lines  of  communication 
will  be  of  |  and  other  Influences  will  doubtless 

complicate  the  situation.     It   is  by  the  consideration  of  such 
that  the  mod  of  city  planning  is  developing. 

These  are  men   roggi    tloos   in  the  search  for  an  ideal — 
i  ol  friendly  chat  wherein  we  hope,  not  so  much  to  im 
part    knowledge   as   to   stimulate   the    thoughts   of   both   our 
and  ourselves     The  modern  tslty  planning) 

in  spite  of  its  great  progress  i-  not  yet  complete:  and  there 
-i  ill  must  he  murh  of  mulling  over  generalities,  of  choosing 
and    discussing   am'  0,    there   are    imper- 

■   tools  and  materials  as  numerous  and  as  \aried  as 
the  Imperfections  of  human  nature      Wise  city  planning  does 

i       e:  rati  I        Bks  to  understand  them.  1 1 

mg   the    imperfections   where    possible;    and   where   it   cannot 
building     tie      bt  It      possible     with     that     which     Is 

a\  ailable 
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The  Design  of  Steel  Mill  Buildings  and  the  Calculation  of  Stresses 

In    Framed    Structures.—  By    Mil..    S.    K 

Department    of    Civil    Engineering.    Unn. 

Fourth   ed  tion,  6 12  page  .   6   bj    9  In       lllu  Grafl  -Mill 

Be  ,.u  Co  .    trie      New    \  ork 

While  "Ketctaum's  Steel  Mill  Buildings  Is  too  well  known 
to   require   an    introduction,    the    I  u  I  ter   ol 

a  new    edition    are    matters   ol  terest.     The    pro 

fusion,  good  workmanship  and  intelligibilitj  ol  the  draw- 
bigs  first  catch  the  eye  as  the  book  is  run  over,  and  uexl 
to  thesi  is  the  neal  and  pleasing  appears  ol  the  printed 
page. 

On  investigating  the  more  important  features,  we  find 
that  ii  is  divided  into  3  parts  the  first  covering  the  calcu- 
lation Of  the  stresses  in  simple  beams,  trusse 
transverse  bent,  and  the  three-hinged  arch.  Pari  n  covers 
tli.  calculation  of  deflections,  the  calculation  ol  stresses  in 
Statically  indeterminate  girders,  trusses  and  names,  and 
the  secondary  stresses  in  trusses.  Part  111  treats  of.  the  de- 
sign and  construction  of  steel  frame  buildings  foi  mines, 
mills,  smelters,  etc.,  and  also  the  design  of  a  crane  girder. 
The  appendix  gives  a  complete  specification  tor  stei  frame 
mill  buildings.  The  index  is  good,  although  less  complete 
than    many    users   will   desire. 

Some  of  the  subjects  of  the  40  chapters  are  follows: 
■Graphic  statics:  stresses  in  Pins,  Combined  and  Eccentric 
\iv;i  Moments  and  Curved  Influence  Urn  Prob- 
lems in  the  Calculation  Of  Stresses  in  Statically  indeter- 
minate Structures,  Camber,  etc.;  Data  for  Design  of  Frame- 
work; Roof  Coverings;  Foundations;  Erection  of  Steel  Mill 
Buildings;  Estimate  of  Weight  and  Cost  of  steel  Mill 
Buildings. 

Prof.  KetChum's  thoroughness  and  chain.  -  ol 
have  not  suffered  since  the  last  preceding  edition,  and 
apparently  the  same  si  rupulous  care  as  heretofore  has  been 
used  to  insure  freedom  from  typographical,  mathem 
and  other  errors.  The  book  is  announced  as  a  companion 
to  the  author's  "Structural  Engineer's  Handbook."  but  each 
pf  the   two  is  independent   of  the   other. 

Bracing  of  Structural  Members 

To  the  Editor:  A  few  weeks  ago  the  steel  «rork  of  a 
theater  building  in  Brooklyn  collapsed  and  killed  a  num- 
ber of  men.  Guesses  are  beginning  to  come  in  as  to  the 
cause  of  this  wreck.  Mysterious  and  trivial  things  are  sug- 
gested as  the  cause:  If  a  column  that  had  no  office  what- 
ever but  to  support  a  direct  vertical  load  had  had  a  knee 
brace  the  wreck  would  not  have  happened.  If  roof  trusses 
had  been  designed  with  straight  bottom  chords  instead  of 
chords  on  a  broken  line,  the  design  would  have  been  good 
The  roof  trusses  should  have  been  on  rollers  on  a  brick 
wall.  These  are  some  of  the  guesses.  Poor  brick  work 
is   also   blamed. 

•  As  a  matter  of  fact  the  fault  in  the  design  of  this  steel 
work  is  so  glaring  that  it  stands  out  as  the  most  outstand- 
ing feature  in  the  structure. 

Before  the  days  of  reinforced  concrete  practically  every 
structural  wreck  apart  from  dams  (which  Dearly  all  fail 
because  of  under  pressure)  was  due  to  the  absence  of 
bracing.  One  author  of  a  book  on  dams,  of  comparatively 
recent  date,  starts  his  book  with  a  warning  against  the 
danger  of  failure  to  consider  under  pressure  in  the  design 
o£  dams.  If  every  author  of  a  book  on  structural  steel  de- 
sign would  give  an  emphatic  warning  against  failure  to  pro- 
vide bracing  in  a  structure,  there  would  be  scarcely  any 
t  steel  structural  failures,  if  the  warning  were  heeded.  If 
every  book  on  reinforced  concrete  gave  a  warning  against 
rodded  columns  and  dependence  on  stirrups  and  short  shear 
members  to  take  end  shear  of  beams  and  girders,  there 
would  scarcely  be  a  single  wreck  to  record,  instead  of  30 
or  more  large  ones,  provided  of  course  the  warning  were 
heeded. 

The  Brooklyn  theater  WTeck  is  just  another  example  of 
what   may   be    expected    when    a    designer   fails    to    provide 

,  bracing   in   his   structure.     The   roof   of   this   theater   had   a 

;  row  of  trusses  without  a  wire  or  a  rod  in  the  shape  of 
either  sway  bracing  or  lateral  bracing  to  prevent  the  whole 

I   row  from  flopping  over  and  allowing  the  whole  roof  to  col- 

>   lapse.      This    is    exactly    what    happened. 

(3) 


■    '  I .    i    checked    I  hi    d  I   sized    building 

thai   did  qoI   have  anj    bracing,     i   critic!  ed  the  design,  but 

uilder's    engineer    i  •  -  ner    thai    bracing 

was  not  needed  When  it  came  to  the  erection  ol  the  build- 
ing, ii  was  Impossible  even  to  line  it  up.  The  necessity  of 
bracing  was 'so  evident  thai  the  builders  hurried  rods  and 
struts  to  the  site  by  express.     Had   thej    not  done  tin     the 

first    strong  wind    would    probably    have   laid    it    low 

Pittsburgh.    Pa,  EDWAIlli    GODFREY 

The  Engineer  as  a  Manager 
Frank  discussion  of  the  shortcomings  of  H agineer  as 

an  executive  or  administ  later  was  brought  out  following  the 
address  of  R.  C.  Harris,  Commissioner  of  Works.  Toronto, 
at  the  Toronto  meeting  of  the  American  Association  for  the 
Advancement  of  Science.  The  engineer  should  make  the 
highest  type  of  administrator,  said  Mr.  Harris,  but  by  tea  son 
of  native  modesty  or  unsuitable  training,  he  frequently  fails 
(o  appreciate  the  economic  features  of  the  situation,  and  dis- 
closes inability  to  relate  the  creation  of  physical  works  to 
the  value  of  the  dollar.  He  has  not  generally  had  sufficient 
human  contacts  to  make  him  a  good  executive,  and,  con- 
tinued Mr.  Harris,  regards  himself  rather  more  as  a  builder 
or  constructor  than  as  a  manager  of  men. 

The  qualifications  of  the  engineer  as  a  manager  have  been 
vigorously  debated  in  the  engineering  press  during  the  last 
tew  months,  growing  out  of  an  address  by  Philip  Cabot, 
member  of  a  prominent  New  York  financial  house,  at  a  joint 
meeting  of  the  Founder  Societies  in  New  York  la  October 
Mr.  Cabot's  strictures  were  severe.  He  characterized  the 
engineer  as  scientific,  studious,  severe,  ascetic,  cool,  cautious 
and  unimaginative.  "He  is  a  man,"  said  Mr.  Cabot,  "who 
curbs  his  enthusiasms,  who  does  not  allow  his  conclusions 
to  be  colored  or  influenced  in  the  slightest  by  an  idealistic 
or  impulsive  temper."  According  to  Mr.  Cabot,  these  char- 
acteristics render  the  engineer  constitutionally  unfit  to  lead 
or  direct  large  industrial  or  public  enterprises.  He  pictured 
the  successful  industrial  leader  as  one  having  the  capacity 
to  inspire  large  bodies  of  men,  anil  as  the  possessor  of  the 
promoter  or  salesman  type  of  mind  rather  than  that  of  the 
student  or  scientific  investigator.  He  regarded  the  engineer 
as  a  hand  which  executes  rather  than  a  mind  which  directs 
and  controls,  and  believed  him  to  be  an  unpromising  can- 
didate for  promotion  to  managerial  positions. 

Those  who  have  risen  to  the  defense  of  the  eugin. 
these  discussions  have  pointed  out  that  while  the  promotional 
type  Of  mind  is  useful,  it  is  an  exceedingly  dangerous  one 
unless  carefully  watched  and  guided.  The  enthusiast  who 
sees  everything  in  a  rosy  light  is  likely  to  wreck  an  enter- 
prise much  more  quickly  than  the  cool  and  unemotional  en- 
gineer. It  very  frequently  happens  that  the  latter  is  called 
in  to  straighten  out  some  of  the  financial  and  operating  mud- 
dles that  have  been  brought  about  by  a  manager  of  the  pro- 
motional  type. 

The  truth  of  the  matter  is  that  the  management  of  indus- 
trial or  other  enterprises  that  involve  dealing  with  a  large 
force  requires  several  characteristics  or  qualities  of  mind. 
Enthusiasm  must  be  matched  by  cool  and  careful  judgment. 
Wherever  a  man  can  be  found  who  combines  in  himself  the 
capacity  to  direct  and  inspire  large  bodies  of  men  with  sound 
technical  and  financial  knowledge,  his  price  is  above  rubies. 
Men  of  this  type  who  have  undertaken  managerial  work  are 
not  unknown.  On  this  continent,  two  notable  examples  in 
recent  years  are  General  Goethals  and  Herbert  Hoover,  not 
to  mention  several  of  our  fellow-Canadians  who  are  success- 
fully directing  large  undertakings  at  the  present  time.  It 
will  be  interesting  to  survey  the  field  in  ten  or  twenty  years 
and  discover  the  effect  of  the  increasing  popularity  of  courses 
in  administrative  engineering.  Once  the  idea  of  the  suita- 
bility of  the  administrative  field  for  graduate  engineers  has 
been  thoroughly  assimilated,  and  engineering  students  have 
been  taught  to  appreciate  the  financial  and  managerial  fac- 
tors in  an  enterprise,  as  well  as  the  technical  ones,  the  num- 
ber of  engineers  in  managerial  positions  should  increase  very 
rapidly. 

Already  very  considerable  numbers  of  engineers  are  known 
to  be  occupying  executive  positions  on  this  continent.  At 
least  six  railroad  presidents  and  five  vice-presidents  are  en- 
gineers. Of  the  230  city  managers  in  Canada  and  the  United 
States,    about    75    per    cent    are    civil    engineers.      Municipal 
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ippreclatlng  the   E»cl   that   the  largest    Item  ol   the' 
ti  .1  with  the  ■  ;■  works,  nat 

ura.ll;  look  i"  t li . ■  civil  englneei        likely  material  for  a  <it> 
\    long  as  it  is  possible  to  dl  cover  men  who  have 
■  :>•  sound  technical  knowledge,  bul  i  tecutlve 

paclty,  a   kn.>  iniclpal    law   and 

abilitj   to  axpli  In  eclsely 

citizens,  city  m. !•  •  a  likely 

•    •    engineer.     With  tl  i    grow  ui  ror  this 

obable  that  t  ii« ■  en 
will  be  more  and  more  frequentlj  employed  In  public  admin- 
Editorial   in    i 

In  Favor  of  the  Quantity  Survey 

e  about   8  yean  ago,    Mr    G     Alexander  Wright. 

i    member    of    the    Institute    In    the     San    Francisco  Chap 

ter.    besought     the    Interest    ol    the    Journal    In    the    sub 

:     Quantity     Surveying.     He   was    a    pioneer    In    an 

eptlve  land.  And  novi  thai  he  is  no  more  and. 
like  many  another,  did  not  live  to  see  hlB  long  devo 
tion  bear  any  great  fruit,  let  it  not  be  forgotten  that 
and  that  because  of  the  Interview  in  ques 
Hon  the  subject  of  Quantity  Surveying  was  never  losi  to 
gain,  so  far  as  the  Institute  was  concerned.  We  an 
proud  ol  our  sliaro  in  the  document  which  has  been  sponsored 
by  the  Institute,  the  Engineering  Council,  and  the  Associated 
Qeneral  Contractors  of  America,  it  recommends  the  Quan 
tity  Survey   to  every  owner,  and  vei  ttds  him 

that  he  should  not  "pay  u  Contractor  an  overhead  charge 
which  includes  any  other  costs  than  belong  to  liis  own 
project."  and  likewise  that  an  Owner  should  pay  foi 
preparation  of  an  itemized  list  of  quantities  whether  he  pro- 
ceeds with  the  contemplated  project  or  not.  Assuredly  he 
should,  and  assuredly  some  owner  does  pay  for  them  several 
times  over,  under  the  present  system.  The  only  man  who 
gets  anything  free  is  the  man  who  never  builds,  because  all 

\penses  of  nursing  him  through  the  preliminary  ap- 
proaches are  saddled  upon  someone  else.  The  overhead 
borne  by  the  Building  Industry,  because  of  the  supposed  free 

8  rendered,  is  no  small  item.  Any  man  proposing  to 
spend  a  considerable  sum  of  money  in  building  should  insist 
on  a  Quantity  Survey,  as  one  of  the  most  certain  means  of 
economy  that  he  can  employ. —  Editorial  in  Journal  of  the 
American  Institute  of   Architects. 

Method  of  Transferring  and  Elevating  Girders  for 

a  Bascule  Span 

in  the  construction  of  the   Batiscan   River  bridge  on  the 

Quebec-Montreal  highway,    the   two   62-ft.   halt    through   plate 

girders  of  the  bascule  span  were  transferred  from  the  cars 

to  the  bridge  site   In   the  following   manner:     They   were   sel 

6  ft.  apart,  braced  together  by  temporary  braces  and  mounted 

on   two  axles   with   flanged    wheels    which   moved   along   steel 

rails.     A   strong   wood    post    was   driven    In   the  ground   some 

distance   ahead    and    a    team    of   horses    hitched    to    a    cabli 

g  through   blocks  supplied   the   tractive   power     When 

had  traveled  the  distance  to  the  post,  this  and 

the  rails  were  re-set  ahead  and  the  operation  repeated   till 

the   water  edge  was  reached,  w  here  the]  w  ere  loaded  on  a  scow. 

The  bi  bro  igl  '    ill  at  Ide  Pier  No.  6  In  the  morning 

and   the  derrick  hoisted  them  up  one  at  a  time  and  placed 

them  on  their  bearings  so  that  both    were   in    place   before 

night.      The    rapidity    with    which    this    operation    wa 

formed,  according  to  Tl  was  great!}    due 

tact  thai  the  center  of  g  b  girder  bad  been 

and,  so  that  no 
time    ■••  .'.    finding    th>-    riL-lit    place    for    slinging,    and 

•    [..  rfectlj    well  .•    lifted    up   I 

top  or 


Fabricating    Shop    Contracts.     Thi  the    Bridgi 

Build'  tura  '   .    from    reports    collected    bj 

thai  nth   of   1  lei 

•  iictural    st'-ci    wa 
ghoul   tie    i  equivalent 

d  structural 
Thi    tol   i  tonnage  sold  in  tin-  country 
per  i  'in  ol  •  apacit) 


Index   Numbers  of   Wholesale   Prices 
1913  to  December   1921 

The  uccompanyin  a  Bhowe  the  index  number  of 

wholesale  prices  by  groups  of  commodities,  as  computed  by 
thi     I      S.    Bureau   ol    I  The  group  of  miscel- 

laneous  commodities  includi      such  important  articles  as  cot- 
d  meal  and  oil,  lubricating  oil,  jute,  rubber,  newsprint 
and    wrapping    pant  oap     laundry,    starch,    tobacco, 

Manila  hemp,  sisal,  pbo  phate  rock  and  wood  pulp.  The  com- 
modltles,  composing  thi  other  groups,  are  as  Indicated  by  the 
title: 

IN".'.':,>    NUMBERS    OF    M -ISAM".    PRICES    IN    SPECIFIED 
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Convention  of  the  American  Concrete  Institute.— The  an- 
nual convention  of  the  American  Concrete  Institute  will  be 
held  Feb.  13-16  at  the  Hotel  Wlnton,  Cleveland.  O.  The  pro- 
gram calls  for  reports,  papers  and  discussions  on  the  fol 

lowing    subject  !|--    concrete    houses,    n  -.arch. 

concrete  products  manufacture,  practical  field  problems,  en- 
ng  design  and  construction.  The  convention  will  be 
characterized  by  the  tewnei  ol  Its  formal  papers  and  by 
the  comparatively  large  amount  of  time  which  will  he  given 
tn  the  discussion  of  special  n  ports  and  to  the  impromptu 
narration  of  practical  experience  on  the  floor  of  the  con 
i. ■mi. ,n  Harvey  Whipple.  ::n  New  Telegraph  Bldg  .  Dt 
iron.   Mich.,  is  Secretary  of  thi    institute 


Ontario  Parliament  Buildings   Nearly  Completed.— It  is  es- 
timated that  the  new   parliament   buildings  at  Ottawa,   OntJ 

apleted  bj    Feb    15,  except  for  the  central  I 
which  has  still    128   feel   to  go.     The  entire  cost  of  the  new| 
building  up  to  Nov.  ir,  was  $in.ii73.noo. 


Engineering   and  Contracting    for  January    25,   1922. 


83 


Practical  Side  of  Cold  Weather  Concreting 

By  THE    '  i  RNER  CONSTRUCTION  CO.  of  New    Vork. 

Experiences  of  One  of  the    Largest    Construction    Companies    in    the    Country    in    the    Erection  of 

Concrete  Structures  in  Winter  Months 


Although  a  few  years  ago  it  was  considered  bad  practice 
by   engineers   and    unprofitable   for   conn  continue 

concrete  construction  throughout  the  winter  months,  such 
procedure  is  new  becoming  common  practici  bj  the  most 
successful  contractors.  It  enables  them  to  maintain  a  com- 
petent  year-round  organization,  to  take  ad\  ntage  of  low 
winter  prices  and  of  the  lame  supply  of  labor.  It  also  en- 
ables  the  owner  to  occupy  the  building  three  or  tour  months 
earlier  than  would  be  possible  if  construction  stopped  dur- 
ing the  winter  months. 

It    has    long    been    recognized    that   low    temp.  re i 

the  hardening  of  concrete  and  that  extreme  old  prevents 
it  all  together.  Realizing  these  facts  and  at  the  same  time 
appreciating  the  many  advantages  of  working  through  the 
winter,  the  Turner  Construction  Co.  of  New  York  Citj  cites 
a  series  of  experiments  made  in  the  Laboratory  of  IJniver- 
sity  of  Illinois  and  published  in  the  proceeding  ol  th  \m. ir 
ican  Concrete  Institute  to  determine  more  definitely  what 
effect  low  temperatures  have  on  the  rate  at  which  concrete 
hardens. 

Nine  test  cubes  of  1:2:4  pebble  concrete  were  subjected 
to  the  following  tests: 

The  first  three  cubes  after  being  stored  in  a  tempera- 
ture of  60°  for  5  days,  were  subjected  to  compression  tests. 
They  had  developed  an  average  strength  of  917  lb.  per  square 
inch  This  is  about  normal  strength  for  concrete  5  days'  old. 
The  second  three  cubes  were  stored  at  a  temperature  of 
60°  F.  for  E  days  and  for  14  days  more  at  a  temperature  be- 
low freezing  and  then  tested.  The  result  showed  an  aver- 
age compressive  strength  of  1,042  lb.  per  square  inch  or  a 
gain  of  only  126  lb.  in  14  days. 

The  remaining  three  cubes  were  stored  at  60°  F.  for  5 
days  and  for  2s  days  more  at  a  temperature  below  freezing 
and  then  tested.  The  result  showed  an  average  strength  of 
1,063  lb.  per  square  inch  or  a  gain  of  only  146  lb.  in  28 
days.  We  should  ordinarily  expect  test  cubes  stored  in  a 
temperature  of  60°  F.  or  over  for  23  days  to  show  a  strength 
of  over  2,000  lb.  per  square  inch. 

These   tests    prove    without    question   that    there    is    a    con- 
siderable  retardation  of  the  rate  of  hardening   at    low    tern 
peratures    and    that    concrete   gains   strength    very    slowly    In 
cold  weather  even   when  first   allowed  to  set   for  5  days  at   a 
lature  of  60°   F. 
Further  tests  were  made  with   1:2:4  pebble  concrete  cubes 
which  were  stored  for  three  months  at  a  temperature  below 
freezing.     They  were  then  all  removed  and  stored  ai   a   tem- 
perature of  70     F      ifter  storage  for  seven  day.  a(   this   tern 
perature.   some   of   these    cubes    were   tested   and    showed   no 
appreciable   strength.     Others  were  tested   after   a    period   of 
onth's  storage  at  70°  F.  and  showed  an  average  strength 
of  703  lb.  per  square  inch  when  we  should  expect   a  strength 
"'   al   least  2,000  lb.  per  square  inch  from  normal   1:2:4  con- 
crete. 
This  test  shows  the  positive  necessity  of  immediately  pro- 
ting  concrete  as  soon  as  it  is  placed  and  that  concrete  once 
frozen  and  then  thawed  out  gains  strength   very   slowly. 

The   foregoing  facts  leads  to  the  follow.:  ml    con- 

clusions 

First,  concrete  must  be  kept  from  freezing  and  must  be 
kept  warm  for  a  period  of  4  or  5  days  before  exposing  to  cold 
and  that  after  setting  at  warm  temperatures  for  5  days  it 
gams  strength  very  slowly  when  exposed  to  cold  tempera- 
tures. 

Second,  that  as  the  concrete  is  still  weak  in  compression 
when  forms  are  removed,  special  care  must  be  used  to  pre- 
vent excessive  stresses  while  stripping  and  in  depositing 
Work  started  in  the  fall  of  the  year  or  before  spring  or  at 
<such  time  that  concrete  must  be  placed  in  a  temperature 
below  freezing,  should  be  considered  winter  weather  work 
and  should  be  protected  accordingly. 

For  certain  work  such  as  footings,  the  roof  of  a  building, 


or  If  the   work   will   continue   i.  !,,,i    time   In   I 

eratelj  cold  weather  only  partial  protection  maj  be  suffl 
cient.      Partial    protection    has  ,,u    provided 

bj   heating  the  sand  and  pebble    over  pipes  inside  of  which 

tires  are  kept  burning,  ^.fter  placing  the  concrete  may  be 
covered  with  l-ply  tar  paper,  which  In  turn  is  covered  with 
marsh   hay,  manure  or  canvas     In   anj    case  the   tro 

be    removed    from    the    aggregai  applied    to 

retain     both     the     heat     supplied     and     that     generated     in     the 

process  of  hardening, 

When    concrete   must   be   placed   in   severe   or   protracted 
cold  weather  it  will  be  necessar;    to  provide   Bufflcienl   can 

vas     salamanders    and    fuel    for    its    pi,,,,,, am      I. I,,-,     ,,,,,   , 

be    provided    for   frames   and    a    boiler    with    sufficient 
hose,    perforated    pipes,    etc.,    will    be   necessary    to    pro 
steam   for  heating  materials. 

The  experience  of  the  Turner  Construction  Co.  has  shown 
that  for  complete  protection  the  most  satisfactory  method  is 


Old  Barnet  b'ldg 
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Ene  City  Iron  World 
Boiler  /S  HP. 

li  5team  pipe  used, 
/00  ft.    Ij  r5rteomhose. 


•  Tool  House 


il  Xteomp.pes  for  stone  and  sand 
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pipes  i. 

steam  to   escape. 


—  Method   of    Heating   Sand    and    Stone. 


to  heat  the  aggregate  and  water  with  steam,  cover  the  green 
concrete  with  tight  canvas  and  place  salamanders  so  as  to 
cause  circulation  of  heat  around  the  concrete. 

Before  starting  to  mix  the  concrete,  the  superintendent 
should  be  positive  that  all  aggregate  is  free  from  frost  and 
has  attained  a  temperature  of  from  35°  to  50°  F.  The  mix 
ing   water  should  be  at  a  temperature  of  100  to  150°  F. 

It  has  been  found  that  a  grillage  of  steam  pipes  is  the 
most  satisfactory  method  of  heating  sand  and  pebbles.  A 
I'-in.  steam  line  is  run  from  the  boiler  to  the  location  61 
gravel  and  sand  storage  from  which  a  grillage  of  iy2-in.  pipes 
should  be  laid  on  the  ground  covering  an  area  slightly 
smaller  than  the  area  to  be  covered  by  the  storage  pile 
These  pipes  should  be  4  ft.  on  center  and  should  be  per- 
forated with  3/16  or  t  t -in.  holes  staggered  on  1-ft.  6-in.  cen- 
ters. (See  Fig.  1.)  Some  trouble  has  been  experienced  from 
large  grains  of  sand  blocking  up  round  holes  and  this  may 
be  avoided  by  cutting  notches  in  the  pipe  with  a  hack  sau 
at  intervals  of  1  ft.  or  1  ft.  6  in.  If  the  sand  and  gravel  is 
stored  in  bins  a  grillage  of  steam  pipes  should  be  provided 
in  the  bottoms  of  the  bins. 

In  case  the  pile  of  material  will  not  be  constant  enough 
to  warrant  a  grillage  on  the  ground  insert  three  connections 
in  the  steam  main  controlled  by  valves  and  attach  to  each 
connection  a  length  of  steam  hose  on  the  end  of  which  at- 
tach a  6-ft.  length  of  perforated  pipe.  This  pipe  should  have 
one  end  closed  and  drawn  to  a  point.  Two  of  these  per- 
forated pipes  should  be  driven  into  the  gravel  pile  and  one 


(5) 
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into  the  Band  pile  at  the  place  where  the  carryalls  are  being 
loaded. 
a  I1-.-  in  steam  lino  controlled  by  valve  i  ntlj  placed 

mixer  should  be  rim  from  the  boiler  to  the  water  bar 
rel  with  the  pipe  extending  down  Into  the  barrel  to  about 
;  in.   from   the  bottom   in  order  to   I  un   into  the 

A    1%'in    line    sliould    be    run    up    I  boiSl    and    a 

suitable   valve  and  conni    I  Boor  level 

Dr  the  attachment  ol     ti    m  b  oing  ice 

aow   from  the  forms  and  reinforcement 
For  i  operation       50-H  P.  boiler  carrying  from 

•'■'I  lb.  of  steam  is  required  t.>  furnish  heal  and  ii 


Fin.    2. — Method    of    Using    Canvas   Covering    and    Salamanders. 

is  used  for  cleaning  snow  and  ice  from  the  forms  in  addi- 
tion to  heating  aggregates  and  gauging  water  a  50-H. P.  boiler 
is  the  smallest  practicable  Size  for  even  a  comparatively  small 
job.  However,  on  small  jobs  having  not  more  than  5,000  ft. 
floor  area  on  one  floor  an  18  to  25  H.P.  boiler  will  give  good 
results. 

All  ice  and  snow  accumulated  in  the  forms  or  on  the 
steel  must  be  removed  before  concrete  is  placed  and  special 
care  should  be  taken  to  remove  any  snow  or  debris  in  the 
bottoms  of  the  forms.  Live  steam  should  be  run  into  the 
forms  continuously  ahead  of  the  concrete  to  remove  frost  from 
■  el  and  every  precaution  must  be  taken  to  prevent  the 
condei  from  forming  into  ice  again.     Where  a  con- 

siderable ar<  placed  in  advance  of  concreting  it  is 

advisable  to  throw  canvas  covers  over  II  at  night  to  guard 
against  snow  falling  into  the  forms  and  under  the  steel. 

Concrete  of  a  stiff  jelly-like  will  gain  strength 

more  quickly  than  a  wet  mix  and  loss  trouble  will  be  experi- 
enced with  laitance.  For  this  reason  concrete  placed  in  win- 
ter weather  should  be  mixed  with  only  enough  water  to  per- 
mit proper  deposition  in  the  forms.  The  concrete  should 
be  placed  in  the  forms  ai  a  ti  mperature  of  not  less  than 
50°  F.  When  concreting  at  moderate  temperatures  scarcely 
freezing,  and  when  only  partial  protection  is  needed 
ncrete  need  not  go  into  the  forms  at  such  a  high  tem- 
perature but  absolute  certainty  must  be  had  that  the  tem- 
perature of  the  mixture  is  always  well  above  freezing  and 
that  thi  Is   absolutely  fre. 

The  ild   be  lapped  adequately 

and   fastened   togo::  ■  rproof 

\    good   prs  -it    the  can 

d  forma  resting  on  the  column  reinforcen 

■I    hang 
I  the    Boor   to 

the  ai  the  Boor  bel  ■  a  to  have 

■  urtain 

hung  aero-,  the  width  ol  the  building  under  the  forms  will 
shut    oi  !      Knough    salamanders 

■  in   60" 
to  80*  In  tin                                     Ill  usually  require  one  salaman- 


der to  every  S00  ft.  ol  Boor  area.  The  side  curtains  should 
be  in  place  and  tires  tarted  In  the  salamanders  as  soon  as 
or  before  concretlni  tnd  in  extremely  cold  weather 

the  curtains  should  b<  in  place  and  tires  burning  for  several 
hours  before  begin]  \s  soon  as  one 

lia>  of  the  slab  is  concreted  it  should  be  immediately  cov- 
ered and  in  general  the  entire  work  should  be  closely  fol- 
low  i  d  w  it li  the  ].i  Mt. 

Where  the  bays  are  nol  ovei  20  it.  square  provide  one 
heat-hole  about  s  by  12  in  through  the  slab  so  that  circula- 
tion of  heai   may  be  mainta d  all  over  the  slab      In  larger 

ba>s,  provide  a  heat-hole  for  aboul  each  300  ft.  of  Hour  are.,. 
heat-holes  should  have   beveled   sides   so  as  to  make 

the   lilling   plug  of  <■ rete   perfectly   secure.    (See   Fig.   2.) 

When  the  canvas  is  removed  the  beat-holes  should  be  cov- 
ered    with   boards. 

It  is  the  best  practice  in  winter  work  to  concrete  the  col- 
umns the  same  time  as  the  Boot  and  in  this  case  great  care 
should  be  taken  to  tamp  the  columns  to  prevent  shrinkage 
cracks  between  slab  and  column  head.  Tamping  sticks 
should  be  left  in  the  head  of  the  column  and  for  several  hours 
alter  the  floor  is  concreted  tamping  of  the  columns  should 
be  continued.  If  the  columns  are  concreted  the  day  previous 
to  the  floor  slab  the  side  protei  tion  should  be  in  place,  floor 
forms  made  tight  and  the  tops  of  the  columns  covered  to 
in   the  concrete   In   the  column  heads   from   freezing. 

One  of  the   most   difficult    pi  frost    is 

the  base  of  exterior  columns.  It  is  frequently  found  that 
with  a  temperature  of  80  near  the  under  side  of  the  slab, 
i  temperature  below  freezing  will  be  found  near  the  bases 
ui  the  external  column-  Hence,  in  extremely  cold  weather 
it  is  necessary  to  plai  e  a  salamander  on  two  sides  ol  i 
external  column.  Tlo  bottoms  of  the  columns  may  be  fur- 
ther protected  by  packing  the  forms  with  marsh  hay  or 
other  suitable  material  When  unusual  speed  is  required 
or  in  extremely  cold  weather  it  will  be  necessarj  to  curtain 
the  floor  below  and  place  salamanders  around  the  bases  of 
external  columns.  By  this  means  the  bases  of  the  finished 
columns  will  be  supplied  with  heat.  This  method  of  protec- 
tion is  also  necessar\  when  monolithic  walls  are  carried  up 
with   the   building   as    it    is    practically    impossible   to   protect 
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them  eal   is   supplied   from   thi 

belOA  II  the  walls  are  blank  it  will  be  necessary  to  pro- 
vide openings  in  the  forms  to  allow  circulation  ol  beat  to 
the   oiitsid ixterioi    walls.     These   openings   should   be 

aboul   8  by   12  in.  and  should   be  beveled  down  and  upward   so 

the   building   when   holes 
i  ;:  i      There  should   be   two  such  heat 

in   each   paioi   between  columns. 
lOTtanl    thai    the   man   tending   the   salamanders   he 

carefully  Instructed  as  to  the  proper  method  of  firing  and 
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as  in  the  precautions  necessary  to  prevent  the  canvas  and 
ir. .in  catching  Are.  Best  results  it  Bring  will  be 
plished  it  a  small  amount  of  tuel  requentlj 

thus  obtaining  a  maximum  ot  heal  with  a  minimum  ol 
smoke.  The  average  laborer  lias  a  tendencj  to  apply  a 
large  quantity  of  fuel  at  Infrequent  intervi  a:  this  tends 
to  lighten   his   work. 

\s    a    protection    against    fire    several     barn        oi     water 
should  always  be  standing  on  each  Boot  lamanders 

burning.     They    should    be    inspected    frequently   to   see 
that   the  water  has  not  leaked   out   or   tri  mist   be 

used   to   see   that    the   canvas   is    securel)  ned    in   order 

to  prevent    it    from   blowing   against    the   salamanders   as  ex- 
perience   lias    shown    that    this    is    the    gri 
.and   source   of  danger  from   tire. 

During   the   mtire   time   that    protection  e    is   in 

detailed  temperature  record  should  be  kept  in 
eut  form  showing  the  data  and  hour,  outside  temper- 
aim.,  temperature  at  bottom  of  columns  ture  at 
under  side  of  the  slab,  under  the  canvas  over  th<  slab,  and 
the  temperature  of  the  concrei  the  forms. 
Temperatures  should  be  taken  at  the  bottom  of  a  number  of 
ir  columns  and  especially  those  columns  on  the  wind- 
ward side  of  the  building. 

I'll,      superintendent     in     charge     of     winti  i  action 

work  should  make  a  personal  inspection  of  the  job  before 
leaving  at  night  in  order  to  see  that  all  the  precautions 
are  being  carried  out.  He  should  also  make  occasional 
visits  to  the  work  in  the  course  of  the  night  in  order  to 
it  all  the  men  are  carrying  out  their  various  duties. 
The  following  is  the  practice  of  the  Turner  Construction 
Co.  in  regard  to  the  removal  of  forms:  The  top  canvas 
shall  not  be  removed  before  the  end  of  the  second  day  or 
before  at  least  48  hours  after  the  concrete  is  in  plai 
this  time  the  exterior  columns  may  also  be  stripped.  To  do 
this,  it  will  be  necessary  to  loosen  the  side  curtains  for  at 
least  a  short  period,  but  the  operation  of  stripping  should 
be  carried  on  as  quickly  as  possible  and  the  side  curia  ins 
carefully  replaced  so  as  not  to  lose  the  heat  from  under 
the  slab.  The  side  curtains  should  not  be  removed  before 
the  end  of  4  days  or  at  least  96  hours  after  the  cot 
is  in  place.  At  this  time  the  curtains  may  be  stripped  and 
on  the  following  day  the  remainder  of  the  forms  may  be 
taken  off. 

For  flat  construction  the  top  canvas  should  not  be  re- 
moved before  the  end  of  the  third  day  or  before  the  con- 
has  been  protected  in  place  for  at  least  7i'  hours. 
The  exterior  columns  may  also  be  stripped  at  this  time, 
taking  care  to  replace  the  canvas  as  soon  as  possible.  The 
side  canvas  should  not  be  removed  before  the  end  of  the 
fifth  day  or  120  hours  after  the  concrete  is  in  place  and 
protected.  At  this  time  the  floor  forms  may  also  be 
stripped. 

Because    of    the    speed    at    which    multi-storied    buildings 

are    usually   erected,    the    dead    load    of   the    story   above    is 

often   added   when    the   conctete   of  the   lower   story   is   from 

7   to   14    days   old   and    which   has   been    protected   from    the 

cold    only    :,    days.      We    know    that    from    the    experiments 

described  such  concrete  has  only  a  fraction   of   its   ultimate 

strength.     This  is  particularly  important   in  buildings  of  fiat 

slab  design  where  the  upper  part  of  the  slab  has  to  take  com 

n.    Therefore,  the  importance  of  having  the  upper  part 

-lab  well  hardened  before  any  forms  are  removed  is 

readily   seen.     In   beam  and   girder   construction   this   weak- 

-    not    so   marked    as   three    sides   of    each    beam    and 

girder  are  exposed  to  the  heat  and  therefore  probably  gain 

more  rapidly   than  the  surface  of  the   flat  slab. 


Removing  Concrete  Foundations  by- 
Blasting 

\  concreti    foundation   foi    i  i    in  the  Pittsburg 

Marble   Works.    Pittsburg     Ran  removed   effectively   and 

economically   by   t  he  method  of  han- 

dling the  work  was  described  bj  rharles  B.  Spicer  in  The 
Hercules    Mixer,   from    which   tin    matter   following   is   taken. 

The  concrete  block  was  4  ft.  thick.  20  ft.  long  and  5  ft. 
wide.  One  end  of  it  was  within  10  ft.  ot  some  costly  ma- 
chinery. There  also  was  a  large  stone  planer  about  10  ft 
distant,  and   in  addition    0  ile  amount   of 

finished  cut   stone   in   the  building 

Work  was  stalled  at  the  end  of  the  concrete  furthest  away 
from   the   machinery.     Three   holes   were  drilled  at  this  end 
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Percentage  of  Home  Ownership  in  Cities  of  the  United 
States. -The  Division  of  Building  and  Housing  of  the  Bu- 
reau of  Standards  has  recently  completed  a  chart  showing 
graphically  the  percentage  of  home  ownership  in  1920  in 
cities  of  the  Inited  States  having  a  population  of  over 
100,000.  This  chart  is  based  on  statistics  compiled  by  the 
Bureau  of  the  Census  and  also  includes  a  table  giving  the 
same  values  as  the  chart  and  in  addition  the  percentage 
of  ownership  in  the  years  1910  and  1900.  In  1920,  the  lowest 
percentage  of  ownership  in  the  country  v  —  in  New  York 
City,  having  1,278,341  homes  of  which  12.7  per  cent  were 
Jwned  by  the  occupants.  At  the  other  end  of  the  list  is 
Des  Moines.  la.,  with  31.644  homes  of  which  51.1  per  cent 
ire  owned. 
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with  the  intention  of  making  the  first  experimental  shot  at 
hole  No.  1,  which  was  placed  15  in.  from  the  side  and  end 
of  the  concrete  face,  and  was  drilled  about  2  ft.  deep.  The 
concrete  foundation  extended  about  18  in.  above  the  ground, 
the  rest  of  its  4-ft.  thickness  lying  below  the  surface.  The 
original  idea  had  been  to  bar  down  this  concrete,  and  for 
this  purpose  a  ditch  a  little  less  than  2  ft  deep  had  been  dug 
all  arouud  the  foundation. 

On  shot  No.  1,  %  a  stick  of  40  per  cent.  Extra  L.  F.,.1% 
in.  by  8  in.  was  used.  It  was  necessary  to  prevent  small  par- 
ticles of  concrete  from  flying,  and  it  so  happened  that  there 
was  a  considerable  quantity  of  baled  excelsior  on  hand,  which 
was  used  for  packing  and  shipping  stone.  Two  bales  of  the 
excelsior  were  placed  over  this  first  shot.  The  charge  was 
fired  by  a  blasting  machine,  and  even  though  only  %  a  stick 
was  used,  it  was  readily  apparent  that  this  was  more  than 
necessary;  the  shot  broke  the  end  of  the  concrete  along  the 
line  of  the  three  holes  drilled,  although  only  one  had  been 
loaded. 

The  second  shot  was  placed  about  21-  ft.  from  the  face 
which  had  been  made  by  the  first  shot.  As  the  burden  on 
the  second  shot  was  heavier  than  on  the  preceding  one,  % 
a  stick  was  placed  in  the  hole,  which  was  about  in  the  center 
of  the  foundation.  This  time  6  bales  of  excelsior  were  placed 
over  the  shot,  and  it  did  fine  work.  Two  other  holes  had 
been    drilled  ahead   but   not   loaded.     The   shot   kicked   back 
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and  broke  these  bolea     Accordingly  the  next  two  bole 
loaded  with        ol  a  cartrldgi  rare  flred 

by  a  blasting  macbine  with  n< n •<!  results.  Three  bolea  close 
to  the  cross-arm,  loaded  with  %  ol  :i  cartridge  apiece  were 
then  shot  Several  bales  of  excelsior  were  placed  ov< 
shut  in  order  i"  keep  small  particles  from  Hying  The  last 
hole  Bred,  shown  as  No.  9  on  the  sketch,  bad  onlj  been  drilled 
about  if  in.  when  the  Jack-hammer  used  for  drilling  broke. 
in  this  holf  only  2  in,  <>f  40  per  cent  were  placed.  The  Bhot 
threw   the  hair.-   up  rather  high  and  the  material 

;i  little,  doubtless  due  to  the  facl  that  there  wa    nol  aufflclenl 
burden  to  hold  it  bai  k. 

A   total  "i    IS   electric   blasting   caps   and   5   cartridges   ol 
dynamite  was  used  mi  the  entire  job.     The  amount   oi  con 
crete   removed   was   240   cu.   It.,   and    the   total   cos! 
plosives   was 

it   was  learned   from   this   work   that    baled   excelsior   is  a 
material  to  hold   dying   missiles.     In   places   when    ex 
celslor   is  nol    available,  baled   ha)    oi    straw,   which   i 
found  readily,  should  prove  satlsfactorj 

Twelve  Technical  Societies  of  Detroit  Form 

Central  Association 

After  several  years  ol  thought  and  discussion  along  similar 

lines,  the  movement  tor  th<    affiliation  ol   the  architectural, 

enginei  ring  and  other  technical  societieB  ol  Detroit  was  taken 

louslj  in  June,  1921,  by  the  organization  ol  a  temp 
council  composed  ol  two  delegates  from  each  ol  the  several 
d        The   affiliation    lias    become   an   accom- 
plished  fact,   taking  effect  Jan.   1.   1922    bj    the   ratification  of 
the   proposed    constitution   and    by-laws,   acceptance   of  mem- 
bership   and   election   of   councilors    by   the    following   twelve 
societies:     Detroit    Section,    American    Society    of    Civil    En- 
;  Detroit  Chapter.  American  Association  of  Engineers; 
Michigan   Chapter,   American    Society   ol   Heating   and   Yeiiti- 
Engineers;  Detroit  Post.  Societj   ol    American  Military 
Engineers;   Detroit  Section,  American  Society  of  Mechanical 
Detroit-Ann  Arbor  Section.  American  institute  of 
Electrical    Engineers;    American    Institute    of    Chemical    En- 
gineers;    Detroit     Engineering    Society;     American    Chemical 
Society  and  Detroit  Chemists;    Michigan   chapter,  American 
Institute  of  Architects:   Detroit   Section,   Michigan  Society  of 
Architects:     Detroit     Chapter,     American    Society    ol    Steel 
Treating. 

The  permanent  council  met  and  organized  Dec.  13,  1921, 
and  elected  officers  for  1922  as  follows:  Chairman.  P.  W. 
Keatiii-  Irman,    a      \     Meyer;    Becretary-treasurer, 

Wal'er   h.   Meier 
The    engineers,    architects,    chemists    and    other    technical 
■    Detroit  have  for  Borne  time  appreciated  the  need  of 
one  central   association   to  represent    the  combined   interests 
of  the  nal   imn.      \   central   office   will  be  estab- 

lished  tor  conducting   the  business  of  the  several  societies. 
In  the  past,  the  B6VI  j|  held  a  number  ol    ii" n  i 

oil's  throughout  the  year.     Mi  ocietiea  met   regu- 

larlj   01  and  some  of  them  two  and  three  times  a 

month.      In    the   past,    the    meetings    ol   the    various   societies 
have  nil.  a  occurred  on  the  same  date.    This  conflict  ol  dates 

will  hereafter  be  avoided  as   the  office   ol   the  new    association 

will  schedule  the  dales  oi   meetings  ol  all  th<    technical  so- 

i  9ocietiea  ol  Detroit  will 

provide  one  meeting  each   month  and   this  meeting   will  be 

under  the  management  ol  one  ol  the  membi  This 

societ)   will  pro:  id.-  the  speaker  on  a  br i  subject 

to  the  members  of  all  the  technical 
The  paramount  use  ol  the  new   as 
and  to  the  public  la   Its  opportunity  tor  public  service  both 
i    troll   and  f..r  the  state  ol   Michigan.     The 
Hon  will  tak'-  an  active  Inti  rest  In  all  mattera  w 

tectural  and  technical  subjects  are  an  im- 
The  council   will  study  the  opiniona  ot    the 
■  i  -inti  and  w ill  assist  iii  furnishing  definite  and  accurate 
Information    to   the    public      1  on    will   offi 

Ice  to  cit)  and  state  officials  «  bene1 
quired  ind  purpose  "i  lb 

provide  the  highest   and  most   reliable  technical   Information 
onsideration    ol    public    Improvement*    and 
public  undertakings  in  which  all  oui 


A  Review  of  Iron  and  Steel  Prices  and 
Production  in  1921 

Those  who  have  wondered  at  the  price  movements  ol  iron 
ind  Bteel  products  dui  i  th<  past  16  months  will  find  in 
the  opening  article  -  sue  of  "The  iron  Age"  an 

Interesting  account   i  il   the  circumstances  and  influ- 

by    which   pricei    and    production   were   most    affected 
u  e  'i in  part 

The  on<    thins  In  the  :cci 
out    abovi  nuall)    .,    mac  .  i.    n 

wa)    in   which   consume]  thoul    going    

L'hi  ro  waa  much  moi  intry,   In   the  ban. is  ■ 

•    had  I"  on  thi 

;  •  i     .  .  HI     opi 

■   would   not    tiavi  o  lasl   >■  ar  but 

ii  1920.    Thus 
a\  entorj 
lowest  point  i  .-i  oration 

i   drawing  on 
the   mills   tor   fresh 

op  that   had  fall   si...  ks  to  anothi  i   that 
h  ni  little     Jobbei  a  In 

hipping  bum ■>  «  1,1,  I,  i  hej    -.- 

na  ..f  which  they  had  llttli 
rom    their    n 
rather  than  start  up  ..  mill  foi  a  meager  rolling  on  which  delivers 
i 

mil  ni  ore  bought  al   the  IhkI.   • 
Throughout    tin    yeai    such    si...  k>    were   a    heavier   ami 
heavier  incubus  on  the    on    and   pig  Iron   markets.     As  Illustrating 
the  inclination  of  thi  particularly  in  the  early  n 

■    i"      Ibli    ol    i  111    future. 
end  .-I   March,  and  it  appi 
rket  summary  ol    March  SI,   that   "leas  than  10,000,000  tons 
i   ■   Superior  ore   will    bi     shipped    this   Beason,"    seeing    that 

full)     31, ),000    :"'  then    In    furnace    yards    and    on    docks 

than  10,000,000  .     I     corn    t!     But    there   was  do 

on    March   81  tl  movement    down    the    lakes 

«  i  ild   turn  out  to  be   so  little  a  ons. 

Consumers  Turn   Jobbers. — An   unprecedented   filing    was   added 
the   other   Influences    al    work   to  n 
Along  In  the  second  Quarter  of  thi  manufacturing  con- 

sumers     turned     Job]  plates,      structural 

ii   hand,   at    less   than    warehouse 
Many  ol  thi  oration's   concracta   In   1920,   taken 

at  much  below  prevailing  written  down  as  mm  orders 

and  the  buyers  took  the  deliveries  when  due.  In  seme  cases  they 
could  not  use  the  Bteel,  but  generally  the  reselling  was  prompted 
bj   the  belief  that  it  could  bi    replaced  later  at  lower  p 

Steel    Corporation    and    "Independent"    Prices. — Th- 
maintained  by  the  SI  Uon  In  vj\:<  and  1920    n  aging  from 

(30  per  ton  below    those  of  independent  steel  companies   In 

different  products,  exi.  nd.-d   their   influence  int..   1921— but  not   for 
The   year  opened    with    th<  ration   operating  at 

90  per  cent  of  <  earl) 

in  January   ran  at  U  -  n   half  tin    St. 

In  thai  on. nth  Independ        mills  operated  at  but  -"  to  3u  per  cent 
pacity.    .    ■    ■ 

At   the  beginning   ol    thi    yeai  orporation   was  still 

died  Industrial  Board  prici  ol  March  - 
But  onlj  a  fev  weel  id  pass  d  before  thi  Independent! 
lower.     ...'■  i   per   ton    below    « i ■  •  ratlnn 

schedules    came    promi    ly,     the     products    chief!)     a; 
plates,  shapes  and   bai 

iwhlle   maintaining  which 

I 
...    cm  April   1-  the  Steel  Corporation  announced  that   It   bad 
puttini    bars  at   j.p*.-  and 
plates  and  -'  20<        W  tl 

lUng  below   lh<  se  prli  ■  -.  advanced   tb,  n 

Quotations  to  thosi  tlon.    It    waa 

,,,    J,,   May   thai  were   not    holding,    some    plate 

,.,  i.  .  .    w  hili  .i   .ii    I  90   ■  ' 

i    h      Tii.  -.    i. ii. is  did  the  volume  of  busl 

..f  n  stabilizing  Influi  no 
On    July    E    the    Bethleln  announced     redu 

amounting   to  $i    per    ton    foi    bai  ;  apes,    billets 

foi    i-i. i.  k  and   pah 
sheets,  ami   «l»   for   tin   plali      On     om<    products   tins   announre- 

■  .i  « hat  in ■■  kel  ..a.  id)   had  ■ 

PI        •    ki  pi       n    declining. 
iv    an   advance  of   > 
n   win    products,   mad<    b>    the  Steel  Corporation.  •  " 
was    to   bring   a 
at    prices  previous! 
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per   LOO  lb,   for 


rail 


wag* 

is  were 
-I    mosi 

mil    il 


which   were  $2.75   per  keg   tor  win 
plain    win 

Uneconomical   Operation.-  Throughout    I 

were  constantly  at  work  to  net  costs  flown 
reduci  d.     Bu(  economies  In  opi  ration  wen 

11    the    strain    for    .him.mii    which    • 
in,.nilis  ol  1920.    Crewa   w<  re   rei  ast.     Fui 
anew,  in  view  ol  the  war  wages  paid  a1  • 

i      \.-«    lomii  -    wen     toui 

ate  and  all   oth<  i 

run  up  i i    ill  precedenl :      Per  capita  oul  i  ncreased  in 

,,(  operations      At    blast    nn  nai  mutated   flue- 

ivere   made   available    bj    slntei  Ing  ng    In    some 

tbli  iii n    blast    fur- 

:  tires. 

But   everj   effort  at  economy,  even  that  securei     I      thi    easiest 

,  .    route  ol   wagi    cuts,  met   ra  it   the 

High  Unit  Overhead.     All  that  steel  pn  learned 

mparabli     value    ol    large    tonnages  i     Into 

I  arges  had  to  be  forgotten     Small  runs. 


tills,    and 


!1    t  imi's    fract  lona!    operatii  in    o( 


producing  capacity  were  inseparably  baffling.     Cast        n    known  In 
.  i   than  start   up  a  mill  !••  make  a 
■  •  bought  the  material  from  a  compi  U:  Thi 

: neflt  ..:  a  longer  run.  which  helped    ts  cost,  while 

company   No.   l   was  able  to  buj    at   less  than  it   would   have 
cost    ,t   i"  start   its  mill. 

Sources  of  Demand.— Tin-  railroads  are  credited 
each  year  n  largi    percentage  ol   thi    country's  steel  output      Thej 
did  n"t   consume  much  last   year,  but  it  is  to  be  said   in   p 
thii".  the  railroad   consumption   ol   steel   Is  always   e> 

tneral  thinking.     It   is  doubtful  if  it   has  gone  above 

■    any  year  in  the  past  20,  apart,  possibly,  from  1906  and  1907, 

and  commonly  it   is  not   above  20  per  cent     Throughout   th<    year 

the  constant  comment  in  market  reports  that   in  the  heavj 

products— rails,   plates,    shapes  and   bars—demand   was   indifferent. 

rii--  Mi  did  bettei     wire,  sheets  and   I  in   pla  te       On 

the  whole,   there  was  a  good  business,  particularly   In    th rid 

half,  in  wrought  pipe.  Tin-  new  nil  fields  of  Texas  ind  thi 
revival  in  the  petrole'im  market  after  a  period  of  flatness  brought 
nut   some  good  contracts  for  line  pipe. 

What   saved  the  day   for  plate  mills,   in  the  small  di 

nls  and   ear  works,   was   the   unusual   amount   of   tank    work 

il   fields,   particularly   the   alexia  fa-Id   of   Texas 

In  the  second  half  of  the  year  tank  works  in  the  West  and  Middle 
Wesl    were   unusually  busy  on  this  account. 

New  construction,  commonly  called  an  index  of  activity  in  steel, 
was  held  back  by  excessive  labor  cost.  There  was  a  good  deal 
more  house  building  throughout  the  country  than  was  commonly 
Credited.  This  is  established  by  the  fact  that  foundries  making 
heating  furnace  castings  ran  at  a  much  better  rate  than  others 
and  that  radiator  companies  really  had  a  good  year.  Manufac- 
turers "i  sanitary  equipment  and  builders'  hardware  fared  well 
A  good  deal  was  done  in  the  erection  of  school  houses  and 
other  public  buildings,  but  not  much  in  business  structures,  and 
vei\  little  in  bridges.  The  bookings  of  the  fabricating  companies 
averaged  for  the  year  about  one-third  of  their  capacity 

Agricultural    implement    warehouses    were   pretty    well    stocked 
With   machinery  throughout  the  year,  and   manufacturers   in 
iin-s  did  little.     No  large  buying  of  steel  from   that   quarter  is   to 
be  looked   for  until  the  farmer  gets  on  his  feet,  and   that   will   not 
be    until    after    the    next    harvest.     The    automobile    demand 
about  what  it  was  expected  of  it— considerably  less  than  halt  that 

Replenishment  demand,  after  months  in  which  the  countrj  had 
been  swept  bars  of  steel  in  all  forms,  caused  the  larger  operation 
of  steel  works  and  rolling  mills  that  dates  from  the  early  fall  of 
last  year. 

Meager  Demand  from  Railroads. — Railroad  buying  in  1921  was 
tno-t  disappointing. 

Out  of   all   the  expectations   of  railroad   buying  entertained   at 

■■  rung  of  the  year  the  actual  outcome  was  far  below  that  of 

'•     I    1920  was  a  year   in   which   the  railroads,   directly   and 

indirectly,   consumed  not   more  than   15  per  cent   of   the  country's 

itput.     New  cars  ordered  were  only  a  fraction  of  the  84,000 

placed  in  1920,  being  only  about  20,000.  and  locomotives  ordered  for 

stic  use  were  fewer  than  250.     The  repair  of  10, car-   h 

in  a   measure  to  make  up  to  the  mills  what   tl  fl  in   steel 

for  new  ears.     .     .    . 

Profits  Disappear. — The  year  was  disastrous  for  producers  of 
iron  and  steel  in  all  lines.  A  statement  submitted  at  Chicago  in 
December  at  the  hearing  on  Lake  Superior  iron  ore  rates  before 
m  examiner  of  the  Interstate  Commerce  Commission,  made  the 
ollowir.s  showing  of  deficits  in  the  first  three  quarters  of  the  year: 
Republic  Iron  &  Steel  Co,  52.177.472;  Lackawai  na  Steel  Co..  $2.- 
Midvale  Steel  &  Ordnance  Co.,  $3,933,731.  The  United 
tates  Steel  Corporation  showed  net  earnings  of  $32,286,722  in 
he  first  quarter,  against  $42,089,019  in  the  fust  quarter  of  1920; 
116  in  the  second  quarter,  against  $43,155,705  in  1920.  and 
8,918. 05S   in   the   third  quarter,    acainst   $48,051,540.     The   corpora- 


i  Ion   pi  i'i    ii     pn  ferred  and  con  for  all  three 

tei         ■■  i  ■  ■  ■      uch    i'H  in.  in  -   H    n  ■         816,905   in    t  he 

tirst    qu.'i  ter  and  14  in  t! 

i  « liners.    The  ■■  ng  for  the  Steel  Ci 

tion  than  for  Independent   compai  tplained    In  p 

the  linht  of  the  $95,000,000  fund  it  Ide  from  surplus  "to 
any    sudden    and    violent     diminution     iii     inventor]     vain. 

and  allowances  for  deprei        on  have  been  constants   I 
than   in    i  Imes   "I    | I    ■  hi  [lings. 


Unusual  Trestle  Construction 

By  J.  is.  hoi  in  I] 
The  Illustration  shows  an  unusual  and  economical  type  ol 
construction  evolved  during  the  course  of  extensions  to  the 
plant  ol  the  Victoria  (B.  C.)  Gas  Co..  which  lias  latch 
two  units  of  the  West  vertical  continuous  Bred  retorts  to  its 
plant  The  trestle  is  Intended  to  support  an  automatii 
gravity  incline  in  connection  with  the  system  of  coal  storage 
adopted     that  <>(  the  open  stock-pile    and  Is  over  a  reinforced 


estle   Constructed    of    Gas    Pipes    Filled 


concrete  tunnel  having  gates  at  intervals  in  the  roof  dis- 
charging on  to  a  belt  conveyor  which  in  turn  delivers  the 
coal  to  an  elevator  discharging  at  the  retorts,  shown  in  the 
background. 

The  interesting  feature  about  the  trestle  is  the  material 
used  in  its  construction,  which  for  the  uprights  and  diagonal 
bracing  consists  entirely  of  4  in.  and  6  in.  cast  iron  gas  pipes 
rilled  with  concrete.  No  other  reinforcement  was  used,  ex- 
cept in  the  horizontal  members  which  are  ordinary  rein- 
forced concrete  beams  with  twisted  square  bar  reinforcement. 

The  structure  is  designed  for  stresses  in  compression  only, 
and  the  iron  members  are  not  bonded  together  by  wire  or 
bolts,  but  are  simply  embedded  in  the  concrete.  The  struc- 
ture was  designed  and  built  by  Mr.  K.  M.  Chad  wick,  engineer 
of  construction  to  the  Victoria  Gas  Co.,  who  was  asked  to 
use  this  material  if  possible,  as  a  great  deal  of  unused  pipe 
was  in  stock  and  it  was  desired  to  keep  down  the  cost  of  the 
additions  to  the  plant  as  much  as  possible. 


Corrosion  of  Steels. — Laboratory  work  relating  to  the  de- 
termination of  the  relative  resistance  of  certain  alloy  steels 
to  corrosion  when  submitted  to  combined  weathering  and 
immersion  in  distilled  water  was  completed  during  Decem- 
ber by  the  U.  S.  Bureau  of  Standards.  Based  on  exposure 
of  19  days,  the  polished  samples  of  steel  showed  the  best 
resistance  to  corrosion  in  the  order  given  below: 

(1)  Annealed   stainless   steel    (C   0.15   per  cent,   Cr  13   per 
cent). 

(2)  Annealed   high   chromium   and   high   nickel   steels. 

(3)  Forged    stainless    steel. 

(4)  Cast  iron  chromium  alloy   (C  0.04  per  cent,  Cr  6.5  per 
cent). 

(5)  Annealed  Chromium  steel    (C  .28   per  cent  Cr  8.6  per 
cent). 

(6)  Annealed  chromium  steel   (C  .30  per  cent,  Cr  5.72  per 
cent). 

(7)  Annealed  chromium  steel   (C  .28  per  cent,  Cr  3.90  per 
cent). 

(8)  Pure  iron. 

(9)  Iron  carbon  alloy   (C  0.45  per  cent). 


(9) 


ling  for  January   85,   1922. 


Building  Codes" 

B]    R    FLEMING 

Historical.    The  first  building  regulation  of  anj    American 
Ordinance   of   the    D  I    Council    ol   New 

and  regulating  Buildings  in  the  Cltj  of  New  Amster- 
dam, passed  -•">  July  1647,*1  bej 

•  \\  I  ■■l.lrilv 

•  ■  •  - 

ng  and 
omittim:  duly  to  bu 

Pi  mi*    Btuyvc  he    HonbU    I 

In  onlcr  to  prevent  tl  e  same  in  futun  .ippoint 

We  Infer  from  tins  preamble  thai  private  trespassing  upon 
public  property  was  not  unknown  275  years  ago  in  what  is 
now   Now    York. 

The  building  laws  of  26  cities  were  analyzed  and  compared 
in    a    series    ot    articles,    "Comparative    Municipal    Building 
published   In   the   "Am.  man    Architect"   during  the 
years    1891-2-3       W  faults   of   present 

be.  one  heed  only  compare  them  with  those  ol  30  years  ago 
to  be  convinced  of  decided  Improvement.  The  codes  of  40  or 
50  cities  are  now  being  revised  and  the  antiquated  codes  of 
many  others  win  soon  have  to  be  rewritten.  In  tact,  all 
building  codes  are  subject  to  constant  revision  as  new  con- 
ditions arise  and  new  materials  Come  Into  being.  The  Phila- 
delphia "Regulations  of  the  Bureau  ol  Building  Inspection  in 
regard  to  Hollow  Tile  Building  Blocks  In  Exterior  Walls  of 
Buildings"  date  onl\  3  or  I  years  back.  The  use  of  rein- 
forced concrete  necessitated  an  addition  to  all  codes.  But  a 
few  years  ago  a  roof  was  simply  a  roof  and  nothing  more. 
The  electric  sjgn  has  changed  this.  In  New  York  City  alone 
hundreds  of  thousands  of  dollars  are  paid  annually  for  the 
rental  of  roofs  and  blue  sky.  Heme  the  regulations  regard- 
ing sky-signs  found  in  recent  codes.  Owing  to  new  subjects 
for  regulation  springing  up,  the  book  of  building  laws  for 
many  cities  is  becoming  more  and  more  bulky.  That  of  Day- 
ton has  336  pages.  District  of  Columbia  312,  Minneapolis  311, 
New  York  320,  Boston  551,  Cincinnati  251,  Chicago  240, 
Philadelphia  278. 

The  Building  Code  and  the  Structural  Engineer. — The  im- 
portance of  the  building  code  to  the  structural  engineer  is 
obvious  from  the  fact  that  outside  of  mill  buildings  the  great 
majority  of  buildings  requiring  steel  in  their  construction 
are  designed  in  accordance  with  a  prescribed  building  code. 
The  engineer  is  not  at  liberty  to  use  his  own  judgment. 
Floor  loads,  wind  pressure,  unit  stresses,  thickness  of  walls, 
permissible  heights,  are  given  in  the  code.  If  requirements 
are  unduly  rigid  they  hamper  building  construction  and  re- 
tard the  growth  of  the  city.  For  instance,  provisions  regard- 
ing structural  steel  may  he  so  exacting  as  to  put  a  premium 
upon  non-flre-resistive  buildings.  When  carried  out  such 
provisions  waste  money  for  the  owner  and  do  not  benefit  the 
city.  On  the  other  hand  requirements  loosely  or  carelessly 
drawn  result  in  defective  construction — a  source  of  danger 
to  the  community.  Extended  fires  have  occurred  owing  to 
a  lack  of  fire  walls,  buildings  have  collapsed  on  account  of 
weak  columns  and  panics  with  loss  of  life  have  sprung  from 
Insufficient  exits.  In  most  cities  a  committee  could  profitably 
be  appointed  for  the  purpose  of  revising  the  building  code  by 
omitting  all  unnecessary  requirements,  modifying  those  that 
are  needlessly  severe  and  making  such  addition  time  and 

experience  have  shown  to  be  necessary.  The  1920  census 
shows  surprising  Increase  in  population  over  the  1910  census. 
Akron.  Ohio,  jumped  from  69,000  to  208,000;  Bethlehem,  Pa., 
from  12,000  to  over  50,000,  and  scores  of  small  towns  have 
become  cltieB,  all  of  which  emphasize  bringing  the  local 
building  code  to  fit  new  conditions. 

The    Ideal    Building    Code.     Probably   the    first    essential   of 
an  Ideal  building  code  i 
planation   ol    their   meaning   (mould 

CludBt  I  here    should 

be  no  misunderstanding  at        thi    "height 

of  a  building."     What   Is  a  "curtain"  wall''  .    walls 

npported  bj  ach  Moor  are 

irionsly  called  '  curtain"  walls,  "en< 

walls,  "filler'    walls  and   "panel"   wail        \    .ode  should   be 


written  In  language  simple  enough  for  a  nontechnical  man  to 
understand.     Requirements  should  he  definite. 

Another  requisite  is  completeness.     More  than  a  score  ol 
•'■ ■  loads  but  fail  to  specify  unit  stresses     A  re- 
duction of  the  live  Door  load  tor  columns  of  high  office  build 
nil   hotels  is  permissible  hut    several  codes   are   silent 
on    the   subject. 

\    paragraph   or   two    In    the   code   covering   a   subject    is 

better    than    referring    ii     to    the    building     iii   I tin         \.     a 

'l  rule  questions  llkel)   to  arise  should  !"■  answered  bj 
the  code  rather  than   bj    an   official  of  the   building  depart 
ment,     This  tends  to  consi  tent    practice  tor  public  ■ 
are  constantly  being  changed. 

Fairness   is   a   prime   requi  Ite   in   building   laws  as   in   all 
documents  involving  human  relationships.    A  modern  bu 
building    calls    forth    the    work    of    many    Industries    and    the 

favoring  of  one   Interest    at    tl .mother   Is    hi    nn 

position   on   the   public. 

\   building  code  need  not  l>. 
trained  architects  and  engineers  who  know    how   to  do  their 
work.      For    instance,    the    wind    pressure   and    allowable    unit 
stresses  should  be  given   but    it    is   not    the    province  of  the 

code  to  prescribe  the  method  btalning  the  stresses.    The 

words  "proper  provision"  have  been  worked  overtime,  but, 
"Proper  provision  musl  be  made  tor  eccentricity,"  is  about 
all  that  a  code  can  sav  on  this  subject.  What  this  provision 
shall  be  must  be  obtained  from  experience  and  text  books. 
The  code  of  South  Bend,  Ind  .  gives  a  formula  to  bo  used  but 
It  i  correct  only  for  certain  cases.  The  rules  of  the  building 
code  "cannot  produce  or  supersede  Judgment;  on  the  con- 
trary, judgment  should  control  the  interpi  appli- 
cation of  rules." 

What  provision  shall  be  made  for  the  greater  city  of  the 
future?  Trenton  in  1890  had  a  population  of  57,000,  in  1900 
of  73.000,  in  1910  of  97,000.  in  1920  of  119,000.  That  is.  it  has' 
increased  25  per  cent  in  the  past  10  years  and  doubled  in 
30  years.  Maintaining  the  past  rate  of  increase  it  will  be 
in  1950  a  city  of  more  than  200,000  inhabitants.  To  what 
extent  should  the  building  code  anticipate  this  growth?  Take 
for  one  instance  the  limiting  of  building  heights,  the  storm 
center  of  the  subject  being  the  fireproof  commercial  building. 
The  factors  entering  into  a  consideration  of  the  subject  are 
too  many  for  discussion  here  In  1910  only  a  dozen  cities 
restricted  the  height  of  fireproof  commercial  buildings,  today 
the  number  has  increased  to  60  or  more.  Had  New  York 
and  other  large  cities  taken  hold  of  the  subject  30  years  ago  ■ 
the  situation  would  be  far  different  than  what  it  is  at  pn 
The  obvious  lesson  for  the  smaller  city  is  to  ordain  from  the 
start  the  control  that  will  probably  be  needed  in  its  future 
growth.  The  State  Building  Code  of  Wisconsin  will  be 
quoted:  "This  code  sets  no  limit  to  the  height  of  a  fireproof 
building,  as  it  is  felt  that  this  is  a  matter  of  general  com 
munity  welfare  rather  than  the  safety  of  the  individual 
occupants.  The  Industrial  Commission  strongly  recommends 
that  each  municipality  adopt  such  a  limit,  before  the  rise  in 
central  land  values  makes  such  action  a  hardship  to  the 
property  owner." 

City  Zoning. — A  burning  question   today   in  all   large  cities    , 
and   in   many  smaller  ones   is   that   of   zoning  or  districting. 
Much    is    being  written    on    the    subject.      The   old    idea    that 
within   his   lot  lines  a   man   owned   as   far  down   as   he   could  • 
dig  and  as  far  up  as  he  could  build  and  that  he  could  build 
within  these  lines  what   he  pleased,  is  being  outgrown,      His 
neighbors   and   the  community    have   an    Interest   in   the   use   I 
to    which    he    puts   his    property.     Sixty  Beven    cities    in    the 
United    States    are   reported    to    have    some    kind    of 
regulations  now  effective,  and   twelvi 
comprehensive  zoning  ordinances  limiting  the  use  of  prm 
height  of  buildings,  and   area   of  lot  that  may  be  covered   in  • 
every  city  block  within   the   city   limits.     A   group  of 
lots  in  a  residential  district   la  always  a   menace  as  the] 
be    purchased    for   almost    any    purpose        \    hlgb    aparl 
house  may   he  built   out   to   the   street    line   with   windov 
either   or   both   sides   opening    on    private    grounds.      A    ?L'." 

.i  depreciation  of  $100,000  in  neighbi 

pi  ope)  tj       \  factor]   ma  

in. iimi    it       \\e    have    ail     een    properties    depreciate    and 

neighborhoods   deteriorate    rrom    |u  I    such    causes      Zoning 

nutting  of  the  right  build  buildings   in  the 

right   place.     It  is  too  large  a   Bubjecl    for  a    few   minute     talfc 

effective   and    not     work    injustice    zoning    ordln 
should  only  be  passed  after  careful  study  and  much  thought. 


(10) 


Engineering   mid  Contracting  for  .Inn nary   25,   in. 
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Why  Present  Cost  of  Building  Opera- 
tions May  Not  Reach  Lower  Level 

Pacta  tending  to  show  ttmt   the  presi  in   cost   of  building 
..ns  is  either  reaching  or  has  reached  about  the  lowest 
point  it  will  reach  for  the  next  few  yeai  en  b 

Morton  C.  Tuttle,  General  Manager.  The  Aberthaw  Construc- 
tion Co.,  in  an  article  in  the  Nov.  25  issue  of  The  Boston 
Transcript.     We  are  quoting  from  the  arti         ta  follows: 

Wages  in  Building  Trades. — The  statement  is  commonly 
made  that  building  operations  will  not  be  pi  1  labor 

has  been   liquidated;   thai   is.  until   wagei  .me  theo- 

retically proper  point  below  their  present  level.  This  state 
ment  needs  analysis.  The  union  rates  of  the  i  i  rules  are 
the  ones  usually  considered  in  discussions  ref  arding  labor 
liquidation.  It  is  forgotten  that  only  a  fractioi  of  the  build- 
ing business  of  the  country  is  done  in  the  big  cities,  that 
.normally  millions  of  dollars  are  spent  on  railroad  rights  of 
way.  on  dam  construction,  on  highway  work,  on  small  dwell- 
ing house  work,  in  industrial  and  country  districts  where 
the  wage  rate  is,  and  always  has  been,  lower  than  in  the 
metropolitan  districts.  Disregarding  this  fact,  however,  and 
taking  the  Boston  wages  for  example,  the  following  facts 
must  be  weighed. 

The  Massachusetts  retail  index  of  items  entering  into  the 
cost  of  living,  rose  in  July,  1920,  to  202.6.  By  June  of  this 
year  it  had  dropped  to  159.4,  beyond  which  it  did  not  drop, 
but  rose  a  little  and  then  moved  horizontally — this  based  on 
a  scale  of  100  in  1914  and  1915.  That  is,  the  average  house- 
holder in  Massachusetts  paid  in  October  of  this  year  $1.60 
for  the  same  items  of  living  expense  for  which  he  paid  $1.00 
In  1914  and  1915.  In  1914  a  carpenter  received  50  ct.  an 
hour;  in  1915,  55  ct.:  in  1916,  58  ct.  In  order  to  retain  the 
same  purchasing  power  on  the  same  number  of  hours  of 
work  based  on  a  1915  55-ct.  wage,  he  would  receive  88  ct. 
an  hour  today.  The  present  Boston  rate  for  carpenters  is 
90  ct.  an  hour. 

Masons  received  65  ct.  an  hour  in  1914  and  1915.  To  retain 
their  same  purchasing  power  they  should  now  receive  $1.04. 
The  present  rate  is  theoretically  90  ct.  Practically  the  rate 
for  masons  is  running  a  little  above  $1.00  per  hour. 

Laborers  throughout  New  England  were  hired  in  1914 
freely  at  25  ct.  an  hour.  The  same  rate  held  for  1915  and 
1916.  A  compensating  rate  for  the  present  time,  accordingly, 
would  be  40  ct.  an  hour.  Good  laborers  are  being  hired  today 
at  between  35  ct.  and  40  ct.  an  hour.  Between  1914  and  1921 
labor  not  only  gained  an  increase  in  rates  but  earned  also  a 
great  deal  of  overtime  during  the  war  rush.  This  was  com- 
monly paid  in  double-time  rates  over  eight  hours.  This 
overtime  increment  has  been  lost.  Today  it  is  conservative 
to  say  that  the  purchasing  power  of  skilled  and  unskilled 
building  trade  labor  is  less  than  in  1915  and  1916.  It  is  fair 
to  add  that  labor  has  itself  been  responsible  for  decreasing 
its  annual  income  by  the  insistence  upon  Saturday  holidays 
and  the  limitation  of  its  daily  hours  of  labor. 

Greater  Output  from  Labor. — Unless  one  believes  that  the 
cost  of  living  is  to  decrease  rapidly,  or  that  labor  will  con- 
sent to  work  longer  hours,  it  must  be  concluded  either  that 
a  large  class  of  our  citizens  are  peaceably  to  accept  a  cut 
in  their  long-established  standards  of  living,  or  else  we  must 
decide  that  drastic  cuts  in  wage  rates  are  not  probable.  This 
last  idea  is  strengthened  by  the  realization  that  building- 
trades  labor  is  far  better  organized  than  it  has  been  before, 
and  that  there  is  a  considerable  decrease  in  the  proportion 
of  men  available  for  certain  of  the  skilled  trades.  In  the 
past  five  years  very  few  plasterers,  bricklayers,  tile  setters 
or  marble  workers  have  been  trained  because  these  trades 
were  inactive  during  the  war  period. 

While  we  are  considering  labor,  it  is  well  to  remember  one 
interesting  fact;  namely,  that  during  periods  of  depression 
when  jobs  are  scarce,  employers  are  able  to  select  the  most 
skillful  men  in  all  trades,  and  the  most  active  laborers.  These 
men  at  the  same  time  are  increasingly  interested  in  holding 
their  jobs  and  are  not  slowed  down  by  being  obliged  to  work 
3ide  by  side  with  less  skilled  men  paid  the  same  rate  per 
hour.  As  a  result,  in  times  of  depression  building  trade 
labor,  skilled  and  unskilled,  delivers  about  20  per  cent  more 
'.output  per  hour  than  during  periods  of  building  activity. 
The  records  of  my  own  company  indicate  that  we  are  averag- 
ing man  per  man  20  per  cent  more  output  than  we  obtained 
during  1919  and  the  early  part  of  1920.     This,  as  I  pointed 


out.  is  the  result  not  alone  of  speeding  up,  but  of  the  se- 
lective  process  plus  a  closer  supervision.     I  takably 

clear  that  the  20  per  cent  improvement  in  output  will  be 
lost  as  soon  as  the  building  business  picks  up  enough  so  tli.it 
jobs    bee e     plentiful    and     the      election     oi     men     becomes 

Limited.  The  importance  of  the  20  per  cent  saving  on  the 
Labor  Items  pf  a  building  lob  be<  ar  when  it  is  under 

si i  that  in  the  cost  of  an  ordinary  mill  building  between 

10   per  cent  and  50  per  cent  of  the  total  co  I    ol    the  job  is 
in  direct   payrolls,     Twentj    pei    cent   saving  of   i11   per  cent 
makes  a  total  saving  of  8  per  cent  on  the  total 
a  structure  from  this  one  item  alone. 

It  is  further  to  be  understood  that  about  one  half  the 
amount  of  the  payrolls  goes  to  unskilled  Labor  in  an  average 
building  operation.  Accordingly,  wage  rates  of  common  labor 
and  its  efficiency  are  as  important  as  the  questions  of  rate 
and  efficiency  for  plumbers,  steamfitters,  brickla  ei 
penters  and  the  skilled  trades.  Even  the  believers  in  future 
wage  reductions  do  not  suggest  that  common  labor  will  be 
called  on  for  much  deeper  cuts  than  it  has  already  received. 
On  the  whole,  the  probability  of  making  future  sweeping 
economies  on  the  labor  side  of  building  operations  appears 
less  promising  than  it  did  at  first  glance. 

Prices  of  Materials. — Turning  to  the  cost  of  materials 
entering  into  building  construction,  taking  1914  as  100,  the 
price  of  structural  steel,  the  great  war  necessity,  rose,  in 
1917,  to  400.  This  was  promptly  taken  under  control  by  the 
government,  with  the  result  that  in  1918  it  had  dropped  to 
260.  it  rose  again  during  1919  to  330  and  since  that  time 
has  declined  to  about  145.  Spruce  lumber,  brick,  cement, 
hard  pine,  glass,  all  rose  by  various  stages  to  a  peak  of 
about  280  in  1920,  since  when  they  have  all  tobogganed  to 
between  140  and  190.  The  United  States  Department  of 
Labor  wholesale  commodity  index  during  this  period  rose  to 
about  272  and  has  dropped  at  the  present  time  until  it 
reached  148  in  July  of  last  year,  and  since  has  risen  a  point 
or  two. 

There  is  an  increasingly  substantial  belief  that  the  general 
commodity  index  is  likely  in  the  period  of  the  next  two  or 
three  years  to  rise  rather  than  to  fall.  Assuming  that  it  re- 
mains stationary,  or  even  drops  slightly,  it  is  hard  to  reason 
that  the  price  of  building  materials  will  in  general  drop  much 
further.  Certain  items  may  drop  a  little,  but  unless  there  is 
a  general  decline  in  all  commodities  it  is  reasonable  to  as- 
sume that  building  material  will  follow  the  general  trend  of 
other  prices. 

The  cost  of  industrial  buildings  rose  to  a  peak  of  about 
260  in  July,  1920,  and  has  since  declined  until  it  stands  at 
the  present  time  at  about  157.  Again,  unless  the  assumption 
is  made  that  the  general  commodity  prices  are  to  decline 
markedly,  there  is  nothing  in  this  figure  that  indicates  a 
large  margin  for  drop  in  costs. 

Relation  Between  Rents  and  Building  Costs. —  No  one  has 
failed  to  observe  the  large  number  of  building  operations  now 
going  on.  There  are  among  these  operations  not  only  the 
public  and  semi-public  buildings,  such  as  churches,  school 
houses  and  municipal  buildings  of  one  sort  and  another,  but 
more  conspicuous  than  all  of  them  is  the  large  number  of 
housing  operations.  The  reason  for  this  becomes  clear 
when  it  is  understood  that  in  August  of  this  year  rents  had 
risen  and  the  cost  of  buildings  had  dropped  until  the  relation 
of  rents  and  buildings  costs  was  re-established  on  the  1915 
ratio.  Assuming  that  there  was  a  proper  relationship  between 
rents  and  building  costs  in  1915,  then  the  same  condition  had 
been  re-established  in  August  of  this  year,  and  there  should 
be  a  fair  return  for  investment  in  real  estate.  The  re-estab- 
lishment of  this  relation  has  apparently  resulted  in  the  large 
amount  of  home  building  for  ownership  and  for  rent,  and  it 
is  reasonable  to  expect  an  active  resumption  of  speculative 
building  if  rents  remain  at  their  present  levels  and  building 
costs  stay  where  they  naw  are. 

It  is  perilous  at  any  time  to  reason  that  because  a  com-^ 
modify  is  theoretically  cheap  it  will  be  bought.  The  past 
two  years  have  proven  that  the  buyer  has  a  great  deal  to  say 
about  costs,  at  least  over  a  short  period.  It  is  obvious  that 
building  costs,  like  all  other  costs,  have  taken  a  tremendous 
drop  from  their  peak,  that  they  have  reached  at  the  present 
time  about  the  general  level  of  commodity  prices,  that  in. 
order  to  further  reduce  building  costs  it  will  either  be  neces- 
sary for  the  men  to  accept  longer  hours  or  else  necessary  for 
them  to  take  a  sharp  decline  in  their  living  standards.  De- 
pendent   upon    one's    belief    as    to    whether    either    of    these' 
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■  -    is  likely,  will  be  that   individual  n   as   t" 

whether  building  rusts  are  going  much  lower  than  al  present 

appear  that  building  labor  is  profiteering  so  tar 

as    rat.'   "!'    W  ages    is    COOCei  Ded 

it  si  ible  '"  i Ucl  thai  any  drop  In  wages  anil 

ol    material    sufficient    to   stimulate    building    actum 

will   be   promptl]    followed   b]    a   loss   in  efficiency    Ol    labor  ami 

In  the  prices  of  materia]  that  "ill  make  today's  o.sis 
look  low  i'  Is  hardly  probable  thai  the  next  two  years  will 
show   a-  favorable  building  cost,  j~  can   i btained   in  the 

•  w    months. 


The  Choice    Between    Steel  and  Concrete 
for  Tunkhannock  Viaduct* 

By  GEORC.i:  .1     RAT, 

nwanna  and   w  eat.  m   Railroad 
in  order  to  construct   the  line  with   the  established  grades 
it    was   found    necessarj    to   cross    the    Tunkhannock    Creek 
at   an   elevation    ol    approximal  ibove   the   water. 

which   would    require  a   structure   from   2,E to   3,000   ft.   in 

length  ending    much    inn.-    in    arriving    at    what    we 

considered  the  most  economical  design  for  a  concrete  via- 
duct, we  submitted  the  plan.-  ami  specifications  to  con 
tractors  101  bids.  At  the  same  lime  we  aske.l  5  or  6  bridge 
nies  to  submit  bids  on  a  steel  structure.  The  bridge 
companies    were  all   requested  to  submit   bids   both   on   tie' 

design    mad.     by    the    railroad    and    on    their    own    design,    thus 
giving    ..0I1     bridge    companj     an    opportunity    to    work    out 
onomical  design   for  a   steel  structure. 
Initial    Cost    with    Sinking    Funds.     When    the    bids    were 
-.1    it    was   found   that   the   first    cost    of   a   steel   viaduct 
consisting     of    an     Sin.     reinforced     concrete     floor    slab    sup- 
on    transverse    "I"    beams    which    in    turn    were    sup- 
bj   three  lines  of  deck  and  two  lines  of  through  plate 
carried    on    towers,    was    slightly    over    a    million    dol- 
lar-      We    estimated    that    a    $200,000    sinking   fund   at   4    per 
e.-nt    Interest    was    necessary    to    paint,    inspect   ami    otherwise 
maintain     the    steel    viaduct        We    assumed    that    50    years 
would    be   the    maximum    lite   of   a    steel    viaduct   and   that   a 
sinking    fund    of    approximately    $150,000    would    be    required 
the    structure    in    fifty    years    provided    that    the 
viaduct   could  be  rebuilt  as  cheaply  at   that   time.     The  total 
cost    of    the    steel    viaduct,    therefore,    on    the    50-year    life 
basis    amounted    to    approximate!-     $1,350,000.     Our    estimate 
for   the   concrete  structure   based   upon   the   figures   received 
from    contractors,    was    $1,349,000.     The    actual    cost   of   the 
concrete    viaduct,    including    all    extras,    waterproofing,    etc., 
(1,4  24 
Safety    from     Accident. — Several    points    in     favor    of    the 
te  viaduct  caused  us  to  adopt  it  in  preference  to  steel. 
The   points    I   refer  to  may  be   summarized   as   follows: 

1.  With  any  future  increase  in  live  load  up  to  50  per  cent 
ol    1912  the  unit  stresses  will  not  be  increased 
i"  per  cent. 
2    The  concrete  structure  a  ind  built  is  a  more 

me  and   less   liable   to   be   damaged   by  de- 
railment  or  a   wreck  of  any  kind      In  the  case  of  an  engine 
■     tailing    over    the    side    of    the    structure    no    damage 
.id    possibly    be   done    to   the    concrete    viaduct, 
where,,  1..  I     viaduct    might    be    very    seriously    injured 

and  traffic  tied  up  for  an  indefinite  time.  Steel  structures 
_  hi  have  been  put  out  of  service  for  weeks 
on  account  ol  a  tower  post  being  knocked  down  by  a  de- 
tailed car  With  the  concrete  viaduct,  there  is  little 
bilit)  oi  a  d.-railed  car  or  engine  ever  falling  over  the  side 
tructure.  A  very  substantial  retaining  wall  was  pro- 
vided   on    both    sides   and    will    act    as   a    guard    in    case   of  de- 

-  a  b   a    guard  could   not    b.-   provided   on   a  steel 

• 

would   be   impracticable   to   rebuild    tin      i.-.-i   struc- 

future  on   tie-  original   I  when  neces- 

Thi     would  require  a  change  In  line  with 

.   f..r  rock  excavation  and  embankment 

I 
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Stabilizing  Private  Industry  Through 
Public  Works 

Bj    OTTO  T    MALLOR1 
Memtx  mploj  ment. 

lb.-  business  world  I,.-  '.  regarded  industrial  depression 
as  an  extraordinary  accident  a  suddent  stroke  of  paralysis 
for  which  there  is  no  rented]  except  patience  and  hope.  An- 
other conception  is  revi  I  bj  a  study  of  the  lasl  hundred 
\ears  ol  industrial  hisli  ol  the  United  States.  These  ap- 
parent extraordinary  a.  dents  are  seen  to  be  events  recur- 
ring with  some  regulai  '  ever]  even  to  ten  years.  After  a 
deprei  sion  there  is  a  dual  rise,  becoming  more  rapid  as 
the  crest  of  the  wave  i  cached.  At  the  crest  there  is  a 
scramble  for  labor  and  materials,  prices  and  wages  soar,  and 
credit  Is  over-strained  When  the  wave  breaks,  the  higher 
the  wave  the  greater  at  (1  'In-  longer  and  ill.-  more  severe  the 
siibsqu.nl    depression    and    unemployment. 

These  periods  of  depn  ion  seem  to  be  speeding  up  in 
accordance  with  the  acceleration  ol  modern  life.  They  occur 
more  frequently  than  r.u  war-  ago.  Once  upon  a  time  laws 
were  passed  prohibit  m-  railroad  trains  from  running 
than  6  miles  an  hour  through  a  town.  Now  n  a  motorist 
travels  through  the  cit]  at  less  than  16  miles  lie  m 
arrested  for  obstructing  the  traffic.  As  depressions  are  get- 
ting more   frequent   and  methods  must  be  found 

for  preventing  or  mitigating  them  else  our  complex  business 
structure   cannot  survive. 

Two  important  methods  are  proposed  by  competent  busi- 
ness men  and  engineer:  The  fust  is  the  outgrowth  of  the 
study   of  waste  in  industry   conducted   by  the   Federated  So- 

cieties   ol    American    1.       under  the  leadership  of  Mr. 

Hoover.  These  studies  point  out  certain  practical  steps  in 
ih.  elimination  of  waste  and  have  led  to  further  study  of 
the  specific  industries,  now  being  conducted  under  Mr. 
Hoover's   direction 

The  second  method  is  a  recommendation  of  the  President's 
Conference  on  Unemployment,  embodied  in  Senator  Ken- 
yon's  bill,  favorably  reported  to  the  Senate  in  December. 
This  bill.  S-2794,  provides  that  public  works  be  postponed 
when  private  industry  is  competing  for  the  same  men  and 
material-  and  the  accumulation  executed  during  periods  of 
industrial  depression.  Everyone  admits  this  to  be  a  wise 
plan.  The  only  question  is  how  to  accomplish  it  and  how 
large   will   be   the  result- 

What  the  Kenyon  Bill  Proposes.  The  Kenyon  bill  is  no 
panacea,  but  provides  for  a  few  of  the  first  steps.  The  Fed- 
eral Government's  chief  public  works  are  rivers  and  harbors, 
public  buildings,  reclamation,  and  federal  aid  to  roads.  The 
Kenyon  bill  proposes  that  advance  engineering  plans  for  all 
such  work  he  kept  ready  so  that  an  appropriation  by  Congress 
at  any  time  would  result  in  immediate  execution  during  a 
period  of  depression.  On  the  other  hand,  the  Federal  Gov- 
ernment proposes  not  to  execute  any  postponable  public 
work  during  boom  times  and  thus  refrain  to  that  extent  from 
raising  the  height  of  the  wave  of  business  activity.  It  is  the 
last  straw  that  breaks  the  camel's  back.  In  a  boom  it  is  the 
last  few  hundreds  of  millions  of  dollars  of  orders  concen- 
trated into  a  short  period  that  sky-rocket  prices,  shake  cred- 
its, and  bring  down  the  structure   with  a  crash. 

Federal  public  work-  from  taxation  plus  municipal  and 
state  public  works,  as  measured  by  bond  issues  alone,  aver- 
aged in  1919  and  1920  $725.(100.000  a  year.  If  a  substantial 
portion  of  this  amount  can  be  held  back  during  years  of 
active  industry,  the  strain  will  he  relieved  to  that  extent. 
A  governor  for  an  industrial  engine  will  have  been  invented 
which  will  steady  employment  in  good  times  and  bad.  The 
Kenyon  bill  aims  to  do  this  as  tar  as  federal  public  works 
are  concerned,   but  those   are   only    one  fifth   the   total   public 

works    done    within    Hi.-    1 ndaries    of    the    United    States. 

Public  works  of  cities  are  mor.  important  because  they  are 
so  much  larger  in  volume.  How  can  the  cities  help?  A  city 
plan  looking  ahead  ten  yean  and  anticipating  the  probable 
growth  and  needs  of  the  cit\  will  be  helpful  in  cat  tying  out 
this  policy.  When  prices  are  low  and  labor  plentiful,  the 
major  features  of  the  plan  can  be  undertaken.  During  the 
years  ol  active  Industrj  onl]  those  projects  urgently  nec- 
need   be  begun. 

Trend   of  Business    Reports   to   Serve   As   Guide.  —How  can 
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the  Federal  Governmenl   or  the  cities  knov    the  best 
,,,  expand  putlic  works?    By  our  system  ol  crop  reports  the 
business   world  knows  the   probable   yield  Heat  or  corn 

long  before  it  is  harvest.  ,1  By  the  Kenyon  bill  a  similar 
report  Indicating  the  trend  ol  business  will  b<  inaugurated 
by  the  Department  ol  Commerce.    Specific  and  general  busi- 

conditions   will  be  compared  month   I ntb    in  more 

.ouiplelo  studies  and  analysis  than  have   b  been   at 

tempted  These  reports  would  serve  as  a  guide  to  the  Fed- 
eral Government  when  the  ware  of  private  tustry  is  rap- 
idly rising,  federal  public  works  would  be  p  ned  When 
-  unemployment  is  in  sight,  at  a  given  signal  all  ac- 
cumulated  federal  public  works  would  go  rward.  The 
nties  maj  be  expected  to  make  use  of  this  guide  and  thus 
make  a  national  Bynchonous  policy  possible.  Anj  city  which 
follows  such  a  course  will  build  less  of  its  total  at 
top  prices  and  at  the  same  time  steady  employment  at  home. 
Business  men  may  well  make  profitable  use  of  thus  survey 
,,i  busim  conditions  and  thus  avoid  contracting  credits 
which  reezi  '  'heir  hands,  and  postpone  plain  extension 
and  large  purchases  when  the  wave  is  near  its  top.  Some 
large  corporations  already  have  their  own  experts  to  chart 
those  movements,  and  as  a  result  a  number  of  them  came 
upon  the  present  depression  fully  prepared.  Thi  prol  ts  they 
bj  being  able  to  buy  freely  after  the  drop  and  to 
manufacture  while  their  competitors  were  overstocked  at  high 

prices,  were  profits  well  earned.  Each  one  of  those  corpo- 
rations did  its  share  in  diminishing  the  depression  because 
it  had  checked  its  own  expansion  during  tile  rise.  At  school 
we  learned  that  little  drops  of  water,  little  grains  of  sand, 
make  the  mighty  ocean  and  the  mighty  land.  Every  little 
industrial  plant  and  every  little  town  can  add  a  grain  to 
ibility   and   safety  of   the  whole  mighty  country. 

How  Public  Works  Can  Take  Up  Slack  in  Factory  Produc- 
tion. A  tew  figures  are  encouraging.  The  national  income, 
measured  by  production,  averages  forty  billion  dollars.  The 
widest  fluctuation  in  factory  production  is  decreased  by  two 
billions.  If  20  per  cent  of  all  public  works  are  postponed 
during  good  years  and  executed  in  one  year  of  depression 
which  may  come  once  in  ten  years,  public  works  can  lift 
one-half  the  weight  of  a  serious  depression  in  factory  pro- 
duction. After  making  allowance  for  all  variations  in  pro- 
duction, such  as  mining,  transportation,  it  is  estimated  that 
public  works  can  be  arranged  to  make  up  one-third  the  total 
of  variation.  In  reality  it  can  do  more;  it  can  lengthen  the 
intervals  between  depressions  by  diminishing  the  height  the 
wave  is  allowed  to  reach  at  any  time.  Such  a  program  vi- 
tally affects  the  construction  industry.  When  fully  carried 
out  a  contractor  will  be  assured  that  when  private  contracts 
are   scarce   public   contracts  will   be   more   plentiful. 

Proofs  of  Practicability  of  Program.— In  1921.  when  pri- 
vate industry  was  employing  a  lower  percentage  of  men 
than  ever  before,  as  far  as  we  can  judge  from  available  sta- 
tistics, public  works  were  employing  twice  as  many  men 
The  war  has  checked  public  works  in  the  same  way  that 
the  Kenyon  bill  proposes  to  do  during  peace  timi 
industry.  Consequently,  part  of  the  accumulation  was  ready 
to  hand.  The  municipalities  prepared  to  do  $600,000,000 
more  of  public  work  than  ever  before,  a  total  of  $1.2(Hi.ihmi.imio 
during  a  year  when  private  corporations  were  making  a 
minimum  of  expenditure   for  new   enterprises. 

The  other  proof  is  equally  striking.  Heretofore  the  bulk 
of  road  construction  has  been  concentrated  into  a  few  sum- 
mer months.  Preparations  were  made  slowly  during  the 
spring.  Now  for  the  first  time  manufacture  of  tractors  and 
road  machinery  report  that  they  received  orders  in  Decem- 
ber which  formerly  did  not  come  to  them  until  April.  Con- 
sequently, work  will  be  fully  under  way  on  th<  road 
eral  months  earlier  in  1922  than  heretofore.  This  is  clearly 
a  result  of  the  kind  of  advance  planning  recommended  by 
the  President's  conference  on  unemployment.  In  Minne- 
"ta.  New  York  and  elsewhere,  the  road  materials  are  being 
placed  on  the  ground  during  the  winter,  thus  giving  employ- 
ment during  more  months  of  the  year  and  at  a  time  when 
the  contractor's  men  and  teams  would  otherwise  be  idle. 

We  can  look  back  on  1921  as  a  year  of  areat  depression 
and  also  of  great  promise.  The  conference  on  unemploy- 
ment and  the  Kenyon  bill  have  stated  a  new  national  policy 
Jf  preparedness  in  industry.  In  these  great  efforts  at  a 
lew  industrial  statesmanship  Mr.  Hoover's  hand,  often  in- 
visible, is  even  at  work. 


Pilot  Method  of  Erecting  Steel  Girders  for 
Canadian  Bridge 

An   Interesting   method  of   •  teel   girders   was 

employed  at  the  Sixteen  Mile  Creek  bridge  on  the  Dundas 
Road  between  Toronto  and  Hamilton,  tint  .  one  of  the  I  i 
structures  that  has  been  constructed  on  the  Ontario  pro- 
vincial highwaj  system.  This  b  ing,  comprls 
ing  8  spans  of  108  ft.  <•  In  eat  b  and  two  flanking  spans. 
From  deck  to  water  level  the  height  is  11^  ft  Thi 
structure  comprises  concrete  abutments  and  piers,  while  the 
superstructure  consists  of  concrete  beams  and  deck  carried 
on  deck  latticed  trusses  ol  108  '  6  in.  span  and  spaced  13 
ft.  6  in.  center  to  center.  The  width  is  L'n  it.  from  inside 
to  inside  of  hand   rails,  giving  a  clear  roadway   width,  allow 


Erecting    the    Girders    Without    Falsework. 

ing  for  curbs  of  lit  ft.     It  was  designed  for  Class  "C"  loa 
of  the  Ontario  Department  of  Highways  (20  ton  concentrated 
load  i.     The  following  notes  on  the  construction   methods  are 
taken  from  The  Contract  Record: 

The  construction  of  the  bridge  was  largely  a  mechanical 
job,  with  the  labor  force  kept  to  small  dimensions  While 
the  contractors'  camp  provided  for  fifty  men.  there  were 
never  that  many  on  the  pay  roll.  The  chief  part  of  the  con- 
struction plant  was  a  Florry  5-ton  steel  cableway.  1.200  ft. 
long,  on  wooden  towers,  100  ft.  high.  Practically  all  opera- 
tions in  connection  with  the  bridge  including  excavation, 
form  handling,  concrete  pouring  and  erection  of  girders,  were 
carried  out  by  means  of  this  cableway.  It  was  operated  from 
the  west  bank,  at  which  point  was  also  located  the  mixer 
plant,  comprising  a  steam  driven  1-yd.  mixer,  fed  from  over- 
head bins  through  measuring  hoppers  and  discharging 
through  a  small  section  of  chute  into  40  cu.  ft.  bottom  dump- 
ing buckets  under  the  cableway.  The  aggregates  were  teamed 
or  trucked  in  from  the  nearest  siding,  4  miles  away,  and 
dumped  on  wooden  platforms  to  be  rehandled  into  the  bins 
by  a  steam  operated  clam  shell.  Water  for  the  mixer,  boilers 
and  for  camp  use  was  obtained  from  the  creek,  being  pumped 
through  pipes  up  the  sides  of  the  ravine.  On  tie  cablewaj 
tower,  on  the  west  bank,  a  1,000  gal.  tank  was  constructed  to 
act   as  a   reservoir. 

The  steel  girders  were  originally  on  old  intercolonial  Ry. 
bridges  that  had  been  replaced  bj  heavier  structures.  The 
chords  consisted  of  two  12  in.  channels  and  1'  1  i.i  cover  plates 
and  the  web  members  comprised  a  double  system  of  angles 
and  bars  forming  .".  ft.  panels.  They  were  demonstrated  to 
be  amply  serviceable  for  highway  use.  New  brace  frames 
and   laterals   were   installed    prior   to   erection. 

An  interesting  feature  of  the  construction  was  the  fact 
that  these  girders  were  erected  entirely  without  false  work, 
the  girders  being  carried  across  the  openings  by  means  ol 
a  pilot  or  pair  of  triangular  trusses,  60  ft.  lone,  suitably  cross 
braced.  This  pilot  was  bolted  on  the  end  of  thi 
securely  tied  to  the  shoe  plates.  The  pilot  was  handled  by 
the  cableway  and  connected  to  the  girders  as  soon  a  I 
latter  were  out  far  enough  to  enable  the  pilot  to  reach  tin- 
pier.  Each  girder  was  pulled  from  the  forward  end  of  the 
last  girder  placed,  moving  on  greased  rails,  the  motive  power 
being  supplied  by  the  carriage  of  the  cableway.  with  a  series 
of   blocks   and   tackle.      When   the   girder   was   moved    out   to 
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n  was  Jacked  down  to  us  bearing  on  tii" 
rder  was  then  run  out  over  thosi    In  place 
collar  manner, 
the  gtrd(  ted,   form  work   tor  thi 

ncrete 

,i  G  n    centers  and  are  covered  with  a  7% 
I      The  curbs  w<  re  cast  Integrally  « Itb  thi 
hand   railing   consists   ol    p  panels   Bel   up   In    pi 

,,  the  curb.     Forms  tor  the  posts  and  upper 
mped  around  them  and  the  concrete  poured, 
bridgi     was    constructed    and    designed    bj     No 
contractor     ol  Toronto. 


How  to  Increase  Production  in  the  Building 
Trades  * 

SANFORD    I     THOMPSON, 
S    Lelghtner  Co.,  t  '  dustrlal 

Management   and    Construction,    Boston,    Mass. 

In   the    building    trades    Bkllled    and    unskilled    workers   are 

actual!  trom  BO  to  80  per  cent  ol  the  time.    This 

•  that  nei  ery   workman    is   looking 

d   to  th»  da>    when   lus  job  is  iinished,  but 

II   means  also  that  the  employer  is   paying  in  actual   watt's 

from  ;  cent  more  per  day  tor  hi.s  labor  than  if  the 

uld   work  continuously. 

.  ,i    Impoi  tarn  worker  as  the  ques- 

tion ol   pay,  are  annoyances  due  to  lack  of  proper  materials, 
ind  equipment,  and  waiting  tor  work  when  on  the  job. 
Fundamental  causes  of  restriction  of  output  by  the  worker 
are  lack   of  appreciation  of  the  necessity   tor  doing  a  good 
day's   work    in  order   to   maintain   a   good   day's   pay.   and,  even 
further    than    that,   the   actual    belief    Of   many    workers   that 
it  is  incumbent  upon  them  to  work  slowly  in  order  to  make 
the  work  u-o  around.-  Trrese  fundamental  causes   of— restric 
tion  must   be  counteracted    (li    by   education.    (2)   by   inciting 
the   workmen  to  greater  production  through   incentives,   and 
i::  i    bj    the   determination   of   actual    time   standards   so   that 
mployer   will  know  just  how  much  work  a  man  ought 
implisb  in  a  day. 
In    the   factory,   in   place   of   the  old   "drive."   methods   are 
being   substituted— deflnil  of   planning    and   expe- 

vork.      Method    is    being    substituted    tor    brute 
force. 

In  an  Ohio  rubber  plant  is  was  found  possible,  for  exam- 
ple, through  planning  and  analysis,  to  increase  output  of 
the  men  in  some  of  the  departments  by  more  than  40  per 
cent.  In  construction  similar  results  are  possible.  Actual 
the  writer  in  house  construction  shows  that  Id 
per  cent  can  be  saved  in  actual  cost  by  adopting  fac- 
tory methods.  In  trenching  in  very  stiff  tenacious  clay  the 
following   results   were   obtained: 


Bai  kftllins 


Unit    ■ 
Ordinary  Methods 
18.0  ct.  p 


Improved  M 

I 'nit    CO   I 
::  1.9  ci    i  er  cu,  yd. 

■  I    yd. 


Increase  in  output  in  construction   Involves: 
ign    and   outlay. 
Selection    of   best   tools    and    materials. 
Simplifying   the   work. 
Fixing  in  ad  imount  of  work  to  be  done  by 

Giving  the  men  a  deflniti  incentive. 

Eliminating   Inst    I  i       waiting  for 

erials,  looking  up  tools,  using  improper  tools,  etc. 

is   working  on   will 

op  in  proportion  to  our  ability  to  develop 

in  tie  ei  om  opei  at  ton,  and 

e  barmoniou  our  workmen 

Ide    them    an    Incentivi     i  Ither    financial    or 

bold    from    day    to   day    and    from   hour  to 

harmony    with    tie     I 
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I  ie ■  is.  Bureau  of  Bdu- 

■  hi<  li   is  a  gain   of 
the  attendant  of  1917- 


From  the  Notebook  of  an  Engineer* 

Bj    R     FLEMING, 

An,,  n,  an    i  i  Idi  ■    Co.,    New    I  ork   City. 
A    symposium,    "What     Department    of    this    Periodical    do 
You    Read   First,"   is   always    interesting.      For    himself,    the 
writer   puts   first,   "Inquiries    trom    Correspondents,"    "Ques 
tions  and    An    ■■■  Letters   to   the   Editor."     From   ma- 

terial gathered  from  such  departments  the  questions  and 
answers  following  are  sell  Cted  It  is  true  that  many  of  them. 
both  questions  and  answers,  are  trivial,  but  they  serve  thi 
purpose  of  shuwing  how  some  minds  work  when  approaching 
a  more  or  less  technical  question 

The    Proper    Way    to    Proceed    In    Designing    a    Factory    Floor. — 
in   designing  a   factory   floor   the   I  b    weight   of  1 

per  squan  allowed  for.     What  is  th.    proper  way  to  pro- 

cei  d  to  if  the  girders,  and 

and  spacing  ot   the  Iron   door  beams   it  beams)   from  this 
given  wt 

The    proper   way  U>  ]  the    factory   Is   In    Jersey   City   Is. 

via  any  one  of  the  North  Rivet  ferries  to  thi  office  of  any  one  of 
a   number   of   civil  in.  Street,    New    York 

He  will  design  the  " that  it  will  both  be  economical 

ip  undei  Ot  hei  wise    there    la   dangei    that 

end  will  be  full  ove  letter  reaches  us  anony- 

mously we  could  not  i 
and   human  life  give    U  free, 

Ineeiing    News.    April    1C,    1887. 

Wind     Pressure    Calculation    for    Eiffel    Tower. — In    answer    to    a 

is  to   what  would   happen   if  his   proposed   1,000  ft.   tower  In 

hould  topple  over.     >  that    it   was  calculated  to 

withstand    a    wind   pn  per   sip    ft.;    counting   the 

lattice    work   as   full   sun,,,.        II,     further   remarked   that   In    the 

i  a  wind  of  tie  ping  over  Paris,  little  would  1» 

i  in  i  the    tower. 

—Engine,  ring    News.    March    12.    1887. 

How    to    Find    the   Sine    of    An    Angle. — When    no    tables    are   ac- 
cessible,  how  would  any  given   angle? 
The  sine  of  an     i                                   ted   approximate^    from  the 
niila.  in  which  .,   is  the  length  ot   the  arc  of  the  angle 
Hiding  to  radius   1  : 


Sin,    . 
Thus,   for  instance- -.i 


the  sine  or  go°  is  appi 


3.6  X  — X 3  2  — )    =  - 

ir        3  \r 

is 

=  3.6 

is 


The   sine  of  45°  is 

1  IT 

I  6 


The  sine  of  30°  is 

1  7T 

3.6  X  —  X  — 


ly    0.SG6) 


i .-  =  0.7  (correctl)  0  707) 


To  Find  the  Length  of  An 
tween  the  length  ol 
is  1  ft.   in  34%   miles.     1   wa 
ference  of  1   In.     How-  am    I 

e  found  the  fol 
old  notes  in  Glllespli 
is  the  chord  of  an  ai 


0.089  =  0.511  (correctly  0.5)., 
udj    ttagazh 

Arc.     I  am  told  that  the 
and   its  chord  at   the 

mb  of  the  former  fi 
late  It? 

(approximate?)  formula  amongst  some! 
1 1   In  In  li     Dl    radius    i.    r 


-)' 


earth   as  equal    to   8,960   miles,    the 
■   7   In    in  an 


Taking   the    radius   of   the 

in  on,  si  ion 

— English    We 

Life  of  Steel-Frame  Building.— What    is  the  estimated   life  o 
steel-frame  building  anj   probability,  aftt 

.  ,  i   nam.    caused   by  . 

Thi  re    li     little   8*1  i  from  of   the   si 

B  type  i        be  •  ven 
,  ,i,    but    It  h  ermtned    from    build 
teel  Is 

!■  | 

erlng  ■ 


(14) 


;   and   Contracting 


K 


.  .   a  concerned. 

would  extend  coE«:derably  over  the  period  of  1  0  years.  It  has 
been    found.    ..  ry.    that   any 

building  other  -  --fulness 

magnificent 
modern  office  :  -  locality 

in  wfc.  ra  from  now.     That   They  will  be 

- 

1900. 

Profitable  Life  of  Fireproof  Office  Building.— The  longevity 
of   a    fireproof,    office    building    is    at    present    of    more    than 
academic  interest.     Members  of  the  Bui!' 
sociation   of   Chicago  were  asked   their  opinions   for   use   in 
pending  before  the  Income  Tax  air  Wash- 

ington. Sis  directors  prepared  individual  opinions,  the  con- 
-  of  which  was  that  "it  is  not  safe  fron.  an  investment 
oint  to  assume  that  the  profitable  1::  -  best 

fireproof  office   building   in   Chicago   will   excel       tron 
re  from  the  date  of  its  construction." 

The  Bulletin  of  the  Association  (November,  1920)  lists 
seven    once   prominent   office    buildings    th  il  moved 

(with  two  exceptions)  after  lives  of  less  than  ::■  -.ears  to 
make  way  for  more  "modern"  buildings.  What  is  happening 
in  Chicago  will  probably  be  experienced  elsewhere.  It  is 
not  because  of  physical  deterioration  that  a  many-storied 
office  building  is  torn  down.  Increased  ground  values,  mean- 
ing higher  taxes,  and  the  attractions  of  the  improved  equip- 
ment of  newer  buildings  often  necessitate  its  being  re- 
placed by  a  building  more  "up  to  date"  and  usually  with 
more  stories. 

Effect  of  Synchronized  Vibrations  on  a  Bridge. — I  have  heard  it 
said  that  a  dog  trotting  across  a   steel  bridge   (provided   there   is 

r  object  moving  on  the  bridge  at  the  same  time.)   is  liable 
■    bridge.     Is  this  so?    ...     I  understand   that   it   is 
the  regular  movement  or  action  of  the  dog's  trot  that  stai 

-  wringing,  and  finally  wrecks  it. 

'.ronized    vibrations   will    shatter   almost    anything.      It    has 
been  demonstrated  that  if  the  correct  pitch  is  known,  a  tone  from 

will  shatter  a  glass  goblet.     .     .     .     When  a  dog  trots  over 
a  bridge  which  is  otherwise  empty  it  imparts  a  series  of  shocks 

bridge   which   are   exactly    timed.      The   succession    of   the 

each  in  itself  extremely  small,  sets  up  a  series  of  vibra- 
tions in  the  bridge  which  are  naturally  accumulative.  If  vou  were 
to  deal  with  the  matter  theoretically  and  assume  an  infinitely  long 
bridge,  the  vibrations  set  up  by  the  trot  of  the  dog  would,  at  some 
point,  reach  a  magnitude  which  would  wreck  the  bridge.  Prac- 
tically, of  course,  no  such  results  are  possible.  We  ha-, 
sonally  seen  very  decided  vibrations  set  up  in  a  bridge  by  a  dog 
trotting  over   it. 

— Scientific    American,    July    1,    1910. 

Space  Occupied  by  1  Ton  of  Coal. — How  many  cubic  feet  should 
be  allowed  for  a  ton  of  coal? 

To  be  on  the  safe  side,  provision  for  storage  of  coal  should 
allow  not  less  than  about  40  cu.  ft.  per  ton  of  2,000  lb.  and  45  cu. 
ft.  per  ton  of  2.240  lb. 

— Power,  Feb.  12.   191S. 

Kinds   and    Efficiencies    of    Riveted    Joints. — How   many   kinds    of 
riveted  joints  are  used   in   boiler  work  and  what   is   the   en 
strength  of  each  compared  with  the  solid  part  of  the  boiler  plate? 
The  different   kinds  of   boiler  joints   and   their   approximate   ef- 
ficiencies,  as  usually  designed   in   good  joints,   are    as   follows: 
Lap-joint,  single-riveted,    longitudinal    or   girth.. 
Lap-joint,  double-riveted,   longitudinal  or  girth... 

Butt  and  double-strap  joint,  double-riveted     

Butt  and  double-strap  joint,  triple-riveted     

Butt  and  double-strap  joint,  quadruple-riveted 

—Power.   July  2  I,    1912. 

Stress    in    Rectangular    Plate. — Please    give    formula    for    finding 
ess  in   a  rectangular  plate   when    supported   and    restrained 
Give  formula  for  a  square  plate  under  simil . 
If  possible  show  how  the  formulas  are   obtained. 
•  e    has   as   yet   derived    formulas    for  plates 

i'.ese  conditions,   the   mathematical  analysis  being  so  diffi- 
to  allow  of  no  approximations  that  would  have  an; 
-iue. 

— Home    Study    for    Machinists,    Jan 

In  contrast  to  the  answer  given  to  the  last  query  see  John- 
Materials    of   Construction    Rewritten."      Under    "Ap- 
|k  proximate  Determination  of  the  Strength  of  Flat  Plates  under 
al  Forces"  are  given  equations  answering  the  questions 
sked. 
Principal   of   Virtual    Velocities. — Questions   as. 

What  is  the  meaning  of  the  term,  circular  mil? 


What  is  meant  by  absolute  temperature? 

What  is  latent    heat? 

What  is  the  modulus  . 
are  asked  again  and  again.  To  the  technical  reader  it  may 
seem  that  they  could  easily  be  answered  by  references  to  a 
dictionary  or  a  textbook  But  it  should  be  remembered  that 
the  questioner  may  not  know  to  what  book  to  turn  or  if  he 
knew  might  not  have  access  to  the  book.  The  answers  given 
to  such  questions  are  often  worth  repeating.  One  question 
and  answer  will  be  quoted. 

frequently    encounter    the 

-:on      "princi:  .-  Will     you 

please   explain   it? 
The  simplest  statement   of  the  law  of  virtual  velocities  is:     The 

multiplied   by   the   distance   through    which    it    moves   equals 
the   weight    multiplied    by   the   distance   through    which    it 
Here  the  word   "power"  means  the  acting  force,  and  the  law  ap- 

.      all    machin-  •    using    the    word    -, 

instead  of  displacement   (which     -  hat  the  older 

writers  considered  the  time  involved  in  the  movement:  but  since 
the  time  the  weight  is  moving  is  exactly  equal  to  the  time  the 
power  is  acting,  the  time  may  be  made  unity  and  neglected,  thus 
leaving    the    1:: 

— Machinery.  June. 

Willow  Wand  Water  Finder  Myth. — A  question  often  asked 
and  which  invariably  brings  a  protest  to  the  answer  given 
is  some  form  of. 

Is  it  true  that  if  a  peach  twig  with  a  Y  shape  is  inverted 
and  carried  over  the  ground  it  will  revert  to  the  opposite 
position  at  all  points  where  water  may  be  found  in  quantitie.- 
sufficient  for  a  well? 

The  answer  that  was  given  in  this  particular  instance  is 
too  long  for  quotation.  It  conformed  to  the  opinion  of  men 
with  even  an  inkling  of  scientific  knowledge  that  there  is 
absolutely  no  scientific  reason  why  any  action  such  as  that 
mentioned  should  take  place,  and  the  results,  if  any  were 
obtained,  were  due  to  purely  psychological  reasons. 

The  myth  has  been  controverted  for  centuries.  The  En 
cyclopaedia  Britannica  devotes  a  page  to  the  divining  rod 
From  far  Honolulu  comes  the  bulletin  of  the  Hawaiian  En 
gineering  Association.  July.  1916.  bearing  the  title.  "A  Hy 
pothesis  Regarding  the  Use  of  the  Divining-Rod  in  Locating 
Underground  Water."  In  1917  the  U.  S.  Geological  Survey 
issued  "The  Divining  Rod.  A  History  of  Water  Witching  with 
a  Bibliography,"  by  Arthur  J.  Ellis,  a  bulletin  of  60  pages 
Of  these.  2S  closely  printed  pages  are  given  to  the  biblio 
graphy.  Each  year  adds  to  the  astonishing  number  of  ar- 
ticles, pamphlets  and  books  already  written  on  the  subject 
Why  they  should  so  readily  obtain  a  hearing  is  a  mystery, 
but  the  human  kind  likes  the  mysterious. 

Oscillation  of  Structures  During  High  Winds. — The  oscil- 
lation of  chimneys  and  high  buildings  during  severe  winds 
is  a  matter  of  interest.  The  following  is  from  Power.  Dec 
5,  1911. 

Do    not    brick    and    cement    chimneys    oscillate    in    high    winds' 
H"\v  much  out  of  center  would  the  top  of  a  well-constructed  chim- 
ft.   high,   lean   in   a   60-miles-an-hour   wind? 

All  chimneys  oscillate  in  a  wind.  It  is  practically  impossible 
to  state  what  the  oscillation  would  be  in  the  case  presented.  The 
factors  which  influence  the  oscillation  of  a  brick  chimney  are  its 
diameter,  the  taper  of  its  sides,  the  material  and  workn 
and  the  rate  at  which  the  wind  is  blowing.  Assuming  a  chimney 
of  125  ft.  in  height  and  60  in.  in  diameter  with  a  2  per  cent  taper 
and  built  with  fairly  good  care  and  material,  the  oscillation  in  a 
60-miles-an-hour  wind  should  be  about  2  inches  either  side  of  the 
true  center  line. 

Careful  observation  made  by  Professor  Omori  on  the  Saga 
noseki.  Japan,  reinforced  concrete  chimney  of  570  ft.  height 
and  26  ft.  diameter  showed  at  the  top  an  amplitude  of  vibra 
tion  of  less  than  1  in.  for  winds  of  50  miles  an  hour  though 
it  reached  7.32  in.  for  a  wind  of  7S  miles  an  hour. 

For  a  choice  bit  of  nonsense  the  following,  taken  from  a 
New  York  daily,  does  very  well. 

The  answer  to  the  query  "Do  Skyscrapers  Wobble?"  is.  all  well 
built  towers  sway  in  response  to  wind  or  jars.     The  top  of  Trinit> 
steeple    sways   about    IS    in.    every   time   an    elevated    train    : 
St.   Paul's  steeple  sways  much  more  than  this.     Washington   Mon- 
ument sways  4   or  5  ft.   in  a  heavy  wind,    the  Woolworth   Building 

Tenants  of  the  Woolworth  building  need  not  worry,  but 
why  are  non-technical  men  so  ready  to  express  opinions  on 
technical  subjects? 
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Recommendations  on  Conduit  Placed 
in  Cinder  Concrete 

\  Bpecial  Bub-commltti  ■  trl<  al  Com 

a.!-  designated  last  Bprln 

trlcal  i  ondult  In  cinder  Bll,  ti  adlngs  and 

make  such  recommendal  >ns   as   might 

s.  em  desirable. 

The  sub-committee   was  con  ■  •    represei 

eacb  or  the  N     \    E    C    .v    D  iclated   Manufacturi 

cal  Supplies  and  the  American  Insl  I  iltects. 

The  committee  prepared  a  questionnaire  designed  to 
a   national   record   of  experienci     triib   conduil    embedded   in 
cinder  till  or  cinder  concrete  Boor  till  and  In  cinder  concrete. 
The   questionnaire    was    Bent    to    111    electrical    contractors, 
consulting  electrical  engineers  and   architi  d   with 

■  to  the  class  ol  work  bandied  and  geographical  dis- 
tribution. The  questionnaire  brought  a  10  per  cent  response 
and  a  fund  of  valuable  opinion   based  upon  experience  and 

rch. 
The  sub-committee  mad.-  its  report   to  the  Standing 
mittee  late  In  August    Portions  of  this  report  ol 

are  quoted  In  the  Journal  of  the  American 
Architects,  from   which  we  have  taken   thi 
a  follows,    it  should  be  homo  in  mind  that  th<    report 
:  upon  hy  the  Electrical  Committee. 
"The   replies    to   this   questionnaire    Indicate    the   national 
with    pipe  conduil   embedded    In   cinder  con 
floor  till  (cinder  concrete  floor  All  being  usually  a   verj   lean 
mixture   ol    portland    cement    and    cinders    or    clinker,    the 
residue  from  the  combustion  ol  either  anthracite  or  bitumi- 
..alt  to  be  that  where  moisture  Is  present,  the  conduit 
corrodes  very   rapidly.     Moreover,    It    appears   that   the  rate 
rrosion   is   little  affi  hi    character  of   the   pro- 

COating   on    the    conduit 

Enameled,  galvanised  and  sherardized    conduits    have  all 

failed  in  periods  ranging  from  -,  of  a  year  to  7  years,  de- 
pending upon  the  amount  of  moisture  present.  The  explana- 
tion of  this  condition  is  that  ail  cinders  contain  sulphur  in 
varying  amounts,  which,  hy  the  admixture  of  moisture  is 
converted  into  sulphurous  acid.  This  acid  attacks  not  only 
conduit,  but  also  water,  gas,  steam  and  other  ferrous  pipe 
with  which  it  comes  in  contact. 

Chemically  Bpeaklng,  the  enameled  coating  should  protect 
tie-  conduit  from  attack  by  acid.  Hut  this  coating  is  easily 
•  I  and  destroyed  by  traffic  abuse  after  the  conduit  is 
installed  and  before  the  concrete  is  pla<  ed.  Any  one  familiar 
with  construction,  knows  how  difficult  it  is  to  control  such 
destructive  traffic  in  unfinished  buildings.  Conduit  for  branch 
circuit  work  usually  is  cut  and  threaded  on  the  job  and  the 
scores  in  the  coating  made  by  the  tei  th  ol  the  vise  on  the 
cutting   bench,   and   tlin  it    couplings   are    points 

at   which    thi  ttd    corrosion    begins. 

■  irm  under  the  protective  coating,  no  matter  what  its 
character. 

It  appears  that  when  the  proportion  of  portland  cement  in 
th,     ■    ■  to    is    relatively    la  iy,    1     part    of 

cemri:  parts  of  cinders,   corrosion  of  the  conduit, 

•ire  is  present,  is  not,  a   seriou      matter.    The 
i  nient,    in   hy- 
drating,  gives  off  free  lime  which   has  a   neutralizing  effect 
upon  the  acid 

if  it  were  possible  to  prohii.it  the  placing  ol  pipe  conduit  In 

■    •...  here  I  he  on      aei 

Inimum  proportion  of  cement,  and  if  it   were  possible 

Mi.,   rule,   the   placing   ei   conduil    in   such  cinder 

••■  might  Bal  rmltted      But    Buch   control   can- 

ectlve  through  the  electrical  code  and   elec 

triia  and    indeed    it    is   doubtful    whethei 

.    effective  eves    il     d<  quat     ■•'<<•>  isiim  were 

■  ally. 

■ 

erron 
through  tie 

N    i'    i'    \        ould  undertake  an  edu- 

i 

oiding  tin-  ii  ...  indi  i 

■    ■ 

lopted 


and  thoroughlj  executed,  would  prevent  the  corrosion  of 
conduit      The  conduit    mighl    be   given   .i    heavy    coating   of 

asphalt  paint  after  Installation  and  before  the  cinder  cmi 
Cretl  i  placed.  Small  delects  in  this  coating,  ]iow.\ei 
would    lender    it    valueless,    and    there    is    no    assurance    that 

such  a  coating  would   bi         applied  as  to  be  free  from  de 

Adequate  protection  to  the  conduit  might  he  secured 
through    placing   about    It    an    envelope     not    less  than   1   in. 

thick,    of    Portland    cement     and     sand     mortar.       The    cost     ot 

such  protection,  bowever,  would  probably  be  prohibitive; 
and  if  it  became  general  practice,  it  would  doubtli  al  ■ 
a  question  of  trade  Jurisdiction 

The  special  committee  realizes  thi  futility  ot  making  any 
definite    recommendations    that    cannot    bi     madi 

through  the  elei  trlcal  cod        a&    thai  thi    onlj   thing 

with  which  we  are  concerned  and  through  which  we  bave 
an]    jurisdiction. 

Experience  leaves  no  room  for  argument  to  controvert  the 
assertion  that  conduit  and  cinders  should  not  be  allowed  to 
come  in  contact.  We  cannot  prohibit  the  us,-  ol  •  tnders 
under  the  electrical  code,  bul  »•■  can  prohibit  the  placing 
of  conduit    in   clndi  i  ami   that    is   the 

recommendation 
inclusion   of  such   a    prohibitory    clause    in    the    code 
might  at  first  seem  to  impose  an  unn  irdship  upon 

ho  design  and  construct  buildings.  Bui  the  com 
mittee  is  fully  persuaded  that  uch  Is  not  'he  case  With  a 
little  thought  and  the  application  of  a  little  knowledge  and 
ingenuity,  it  will  he  found  wholly  feasible  and  highly  desira 
ble  to  adopt  a  new  practice  in  the  matter  of  locating  horizon- 
tal branch  circuit  work  It  should  he  borne  in  mind  that 
there  are  very  large  areas  in  the  country  where  i  a 
not  available  for  structural  purposes,  and  architects  and 
engineers  in  such  regions  have  solved  the  problem  satisfac- 
torily. In  still  other  places  where  cinders  are  commonly 
used,  certain  architects  and  engineers,  profiting  by  past  ex- 
perience, consistently  prohibited  their  use.  So  the  com 
mil  lee  does  not  feel  that  it  is  recommending  a  step  that  is 
radical   or   that    will   result    in    hardship." 

Galvanizing  an  Effective  Protection.— The  foregoing  was 
published  in  the  November  Issue  of  the  Journal.  It  induced 
comment  and  discussion,  and  in  January  'he  Journal  pub- 
lished a  letter  from  Mr.  Bassett  Jones  of  Meyei  Strong  & 
Jones,    from    which   we    quote    in    part. 

Some  few  years  ago  the  writer  gave  a  meal  deal  ol  alien 
tion  to  the  question  of  conduit  in  cinder  fill,  carrying  on  ex- 
tensive and  careful  chemical  and  physical  tests,  both  in  the 
laboratory  and  on  the  building  Bite  lor  tie  purpose  of  de- 
termining what  sort  oi  pri  coating  .ould  be  applied 
to  steel  pipe  that  would  protect  it  from  the  action  of  the  sul- 
phurous acid  set  free  bj   dampness  in  the  cinders. 

These  tests  originated  in  tin-  discovery  that  practically 
every  form  of  rust  protection  applied  to  conduits  then  on 
the  market  disintegrated  verj  rapidly  in  cinder  fill  W"< 
had  records  of  numerous  cases  where  the  conduit  had  been  > 
complete!]  destroyed  in  a  comparatively  short  time.  An 
investigation  of  the  old  Manhattan  Trust  Co  building,  at 
Hi-    comer  of  Wall  and  Nassau  Sts,   in   New   York,  at   the   time 

of   its   destruction,  as    well    a     an    investigation   of   the   obi 

PabSt    Hide,,    which    BtOOd     en     tile    site    of    the     pros, .tit     Tillies 

Bldg.,   together  with   numerout    ether  cases    showed  one   in 

I    Qg    fact,    that   all    hot    gall  'hat    had    lain    la 

the    till    had    remained    intact,    and    the    writer    He 

t,.  .  onduit    manufai  I 
be  used  on  electrical  CO 

This,  however,  did  not  eem  to  q  lite  till  the  bill  as  at  th. 
time  a  large  amount  ol  electro-galvanized  conduil  wa-  being 
placed     upon     the    market        The     writer    therefor,      umi 

i,,  ,ait     out   experiments  ami  lests  to  find  out   whether  oa 
,      ,  .  alvanlaing  i  ould   !  i    applied  to  conduil 

,,  maun,  i   that  it  would  not  dl  ate  v  hen  buried 

lief    till 

Much    work    was  done  mi   this   phase  of  the   subject   anS 
eventuallj    we  discovered   bj    a    leriea  of  long  tests  in   build 
traction    that    if   electro-galvanized    condutj 
waB  used  in  which  I  '  ould  meet   the  Btandard 

Vm<  rlcan  T  &  T  tour  d  hot  galvanizing,  th 

conduit    n    I  ted  the  effi  i  i   oi  the  cinder  fill  equallj    as   we| 
as   ih,    hot    galvanized 

it   wa  -   found  that  In  order  to  make  the  electro-galvanized 


-•'- 


conduit   meet   the  above  mentioned  |    was  neces- 

■  leave  the  conduit  in  the  el*r>  ..ng  bath  for 

an  additional  period  of  time,  gener,  ..i  an   hour, 

and  that  Then  this  was  done  the  eoi  .  gt  and 

stood   up  under   job   conditions   wh-:  cinder   fill. 


Such  conduit   has   been   taken  out     :  r   fill   by   the 

writer  for  various  periods  after  its  installation  up  to  1m 
years,  and  it  has  proved  in  every  cast  t  be  practically  as 
good  at  the  end  of  10  years  as  it  was  the  da]   it  was  installed. 

At  these  tests  samples  of  practically  e very  make  of  conduit 
on  the   market   were   used   under  actual   building   conditions 
and  with  the  exception  of  the  conduit  m-reting  the  four-dip 
he  results  when  the  building  was  completed,  was  a  col- 
lection of  badly  rusted  pipes. 

This  office  has  therefore  made  it  a  practice  :or  a  number 
of   years   to  specify   that   all   electro-galvanized   or   hot   gal- 

led   conduit  shall  meet  the   standard 
four-dip  test  for  hot   galvanizing,  and  the  difficulty   brought 
about   by   the  corrosion  of   conduit   by   the   sulphurous   acid 
in  the  cinder  fill  on  the  writer's  insta;:^-  ;;ng  to 

these  specifications,  has  ceased. 

Our  experience  shows  that  a  considerable  portion  of  the 
damage  caused  by  corrosion  is  due  to  the  mechanical  abra- 
sion of  the  conduit  before  the  cinder  fill  is  laid.  The  conduits 
are  laid  on  the  floor  slabs  and  walked  over  by  workmen, 
building  material  is  dumped  upon  them  from  -.vheelbarrows. 
wheel  barrows  are  wheeled  over  them  and  the  pipe  thus  re- 

-   probably  as  hard  treatment  as  it  is  possible   I 
it  without  crushing  the  pipe.     Indeed,  in  some  cases  we  have 
found  pipe  crashed  due  to  this  cause. 

I  mention  this  because  there  is  no  question  in  our  minds 
that  the  best  rust  protection  for  conduit  is  acid  proof  enam- 
eling, black  or  otherwise,  but  actual  measurements  at  build- 
,ave  shown  that  in  many  cases  at  least  one-third  of 
the  enameling  has  been  removed  from  the  pipe  by  mechan- 
ical abrasion  before  the  fill  is  placed.  This  left  one-third 
of  the  bare  steel  open  to  the  immediate  attack  of  the  acids 
in  the  water  used  in  the  fill. 

I  should  draw  your  attention  to  the  fact  that  the  American 
T  a:  T  four-dip  test  for  hot  galvanizing  which  is  applicable 
as  mentioned  above  to  electro-galvanizing  does  not  apply  to 
Sherardized  products,  for  the  zinc  applied  by  the  Sherardizing 
process  is  mixed  with  iron  particles  which  prevent  the  test 
from  operating  propertly. 

^  The  only  known  suitable  test  for  protective  value  of  the 
Sherardized  coating  is  the  salt  spray  test  which  must  be  care- 
fully carried  out  and  is  not  easy  to  use.  but  such  t< 
well  as  other  chemical  and  physical  tests  of  Sheardiz-d  prod- 
ucts indicate  that  this  form  of  protection,  if  the  Sherardiz- 
ing is  properly  executed  and  the  coating  contains  a- 
200  milligrams  of  zinc  per  square  inch  of  surface,  is  equally 
as  good  as  that  required  in  the  cases  of  electro-galvanizinz 
or  hot  galvanizing  by  the  Standard  American  T  tc  T  four-dip 
test. 

\perience  has  led  me  to  believe  that  the  deleterious 
action  of  the  cinders  ceases  after  a  reasonable  lime  unless 
of  course  water  is  more  or  less  continuously  added  to  them. 
In  other  words,  the  action  of  the  cinders  on  the  conduit  ex- 
:.:>-  during  the  time  the  cinders  retain  their  moisture. 
If  there  is  enough  zinc  deposited  on  the  pipe  so  that  the 
amount  removed  by  the  action  of  the  sulphurous  acid  in  the 
moisture  contained  in  the  cinders  can  not  remove  all  of  the 
zinc  before  the  cinders  have  become  dry.  the  pipe  will  re- 
main intact  indefinitely.  It  is  of  course  probable  that  if 
through  leakage  of  other  pipes  the  cinders  remain  moist  no 
matter  how  much  zinc  is  applied  to  the  :  11  eventually 

become  corroded. 

It  may  te  of  interest  to  add  that  in  tropical  climates  where 
the    air    is  more  or  less  charged  with  sulphurated  hvdrosen 
from   decaying  vegetation,  the  zinc.   eve:,   on    hot-galvanized 
disintegrated  with  extreme  rapidity  by  the  air  alone. 
the  only  resource  is  to  paint  the  pipe  with  as- 
phaltum  as  soon  as  it  is  received.     At  Panama  the  hot  gal- 
vanizing on  pipe  kept  under  a   -  -rated  to  a  white 
in  1"  days.     Other  forms  of  galvanizing,  except  high 
grade    Sherardizing.    disintegrated    with    greater    rapidity. 

To  sum  iipjkmight  say  that  provided  the  proper  amount  of 
zinc  per  unif"3f  area  is  properly  applied  to  the  pipe,  either 
by  the  electro  galvanizing  pro  ess,  t  dip   process,   or 

Sherardizing  process,  the  pipe  will  not  be  corroded  in  anv 
reasonable  length  of  time  in  cinder  fill,  unless  the  fill  re- 
mains damp. 


The  First  Copartnership  Housing 
Venture  in  the  United  States 

By  CLAK 

How  shall  tie  city  or  state  help  meet  the  housing  emer- 
gency in  a  consiructiv-  Tork  has  answered  by 
offering  a  bonus  in  the  form  of  10  years  tax  exemption  on 
buildings  put  under  way  before  April.  .  result 
we  have  increased  construction—  I 
as  poor  a  standard   as   the 

-  helping  to  pay  the  bill,  through  non-collection  c 1 
but  it  is  demanding  nothing  from  the  builder,  neither  better- 
planned  buildings  nor  easier  terms  for  the  tenant.  Milwau- 
kee is  also  participating  in  housing,  but  more  diret: 
in  a  manner  that  will  eliminate  speculative  profit  and  in 
which  the  participation  of  the  city  should  not  be  a  burden  on 
taxpayers — for  the  tax-exemption  granted  on  new  h/ 

York  City  means  that  heavier  tax  burdens  fall  on  the 

The  Milwaukee  plan  is  a  direct  outgrowth  of  to 
port  of  The   Housing  Committee   of  iha: 
that  it  more  clearly  and  truthfully  stated  the 
the  problem  that  was  puzzling  most  of  the  commun 
the   country   than   has    any    other    report   published 
country  when  it  said: 

"The  solution  of  the  housing  problem  invc •'. 

The   elimination  of   speculative   land   values    in   some 
residential   districts. 

Zoning  of  the  city  to  safeguard  all  residential  d:- 
Kconomical   and   adequate   planning   of   streets,    trans- 
portation, sewage,  disposal,  water  supply,  light 

Elimination  of  waste  in  construction  of  homes. 
Acquiring  for  wage  earners  the  benefits  of  owe 
without  interfering  with  labor  mobility. 

legislation  aiming  to  stimulate  the  erection  of 
earners'  homes. 

-     Public   instruction   as    to   the    possibilities   of    housing 
betterment" 

The  practical  outcome  of  the  report  was  described  by 
William  H.  Schuchardt.  F.  A.  I.  A.,  the  then  chairman  of 
the  Commission,  and  now  president  of  the  Public  Land  Com- 
mission of  the  city  of  Milwaukee,  in  a  recent  address  from 
which  we  quote: 

In  the  spring  of  1919  the  Mayor  of  Milwaukee,  the  Health 
Commissioner,  the  Building  Inspector  and  members  of  the 
Commission  appeared  before  the  legislature  and  success- 
fully urged  the  passage  of  a  bill  empowering  municipalities 
and  counties  to  purchase  stock  in  co-partnership  housing 
enterprises.  Then  followed  a  campaign  of  persuasion  for 
the  scheme  was  often  times  termed  stupid,  paternalistic, 
socialistic,  or  communistic.  It  was  opposed  by  many  of 
our  leading  manufacturers,  by  the  real  estate  board  and  by 
other  so-called  practical,  hard-headed  business  people.  The 
men  who  sponsored  the  scheme  or  who  approved  of  it  were 
condemned  as  being  visionary,  mere  impractical  dreamers 
t.ad  no  precedent  in  this  country  to  point  to  and  Euro- 
pean experiences  were  easily  discounted  because  conditions 
on  the  other  side  of  the  Atlantic  are  too  dissimilar  ti 
which  obtain  in  this  country.  But  little  by  little  the  circle 
of   friends    increased.      The    opposition    grt  stent 

and  last  spring  it  was  deemed  possible  to  organic 
Garden  Homes  Corporation.  The  city  of  Milwaukee,  by  vote 
of  the  Common  Council,  purchased  $50,000  worth  of  stock, 
the  county  of  Milwaukee  purchased  a  block  of 
stock  and  various  manufacturers  have  so  far  subscribed  to 
about  $80,000  worth  of  stock.  The  Association  cf  Commerce 
has  gone  on  record  as  approving  the  scheme  and  has  pledged 
itself  to  raise  $350,000  more  to  invest  in  the  ent-- 

All  sails  are  now  set.  About  30  acres  of  splendid  land 
purchased,  architects  were  employed  to  draw  plans 
of  houses,  the  city  planning  board  and  city  engineer  designed 
the  street  layout  and  in  September  last  some  two  or  three 
hundred  people  witnessed  the  turning  of  the-  first  spadeful 
of   sod    by   Mayor  Hoan.      Son  -    are   now    under 

construction  and  more  will  be  erected  as  soon  as   sufficient 
funds  are  in  hand. 

-    -  seel  from  The  Journal 

le  Journal  of  the  American  Institute  of   -  Feb- 

ruary, i  r*ii*. 


(17) 


96 


Engineering  and  Contracting  for  January    25,    1922. 


tnershlp  Bcheme  o(  ownership   was 

tn  Engl  ago  and  baa  met  with  considerable 

designed  primarll]    to  mitigate  the  burdens 

d  at  the    .tin.'  i  imi  upanl 

..u  of   t he  advantages   of   Individual   ownership. 

■  .i>    with  all  speculative  values  and  as  you 
aake  the  wage  earner's  Investmenl  both  safi 

liquid. 

concreu    example:     We  are  assured  that 

•  room  bouse  inr  about  $8,800,  and  we  know 

..    i'  i  LOO  ft    lot,   ■•'•  HI   cost    irtth     treet,  Bewer 

mprovements   anotl  making   a    total    In- 

00      The    prospective   occupani    sui 

ol    common    stoi  k    and    pays    In    cash 
■  itallment,  let  vis  say  $400.    His  charges  will  then 
•Hows: 



ability  insurance 

month,   a   total   ol  

M      ■ 



$592.00 

■  ital  charges  w 

,i    :  he  begtm 
ear  lie  will   h 
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month,   of  which   $22.08    is    Investmenl 
lining  of  the  sixteenth  year  he  will  have  paid  in  $2,200 
and   the  total  charges   will  be  $15:.'  for  thi 

i  k  is  paid  for.  when, 
-    monthly  charge   is  only  $22  2"-. 

•  While  these  charges  may  seem  high  for  the  first  years 
It  must  be  seen  that  there  are  no  items  other  than  contin- 
gent fund  and  administration  Charges  which  the  occupant 
would  .hi  Individual  owner.  These  two  item-  costing 

a   trifli  -      per  month,   assure   him   against   serious   loss 

Should  he  find  it  necessary  to  n.ther  locality.     For 

In  that  event  he  does  not  need  to  sell  out  at  a  sacrifice  in  a 
buyer's   market.     Should   circumstances    require   his   separa- 
tion from  the  company,  he  mi  to  the  company  his 
It   a   surrender  value  which   varies   with  the  length  of 
incj  as  does  the  cash  surrender  \alue  of  a  life  lnsur- 
The   company    in    turn   sells   this   stock   to  an- 
occupant. 
'It    must   also   be   borne    in    mind    that    his    investment   of 
him  a  home  which  he  could  not  possibly  buy  at 
such   a   price  elsewhere  for  no  profit  whatever  is  charged   in 
arriving    at    that    figure.      Yet    it    must    be    admitted    that    a 
monthly  out                          month,   whatever  it  may   include   Is 
■:  the  reach  of  the  unskilled  laborer.    We  can  not  here 
that   phase  of  the   problem.     We   must   for  the  mo- 
ment accept   what  appears  to  be   inevitable,  namely,  that   the 
unskilled  laborer  can   not  buy   a   home  equipped  with  all  the 
Impro                     quired  by  ordinance  or  by  standards  of  liv- 
ing   which    certainly    are    an    improvement    on    those    of    our 
forebe 

"The  question  has  often  been  asked  why  the  occupant  does 
not   receive   title   to   the    property    he   occupies    when    ho   lias 
stock.     I  wish  to  emphasize  that  he  does  not 
".    but  common  stock.    It  is  not  the  pi 
in     to  pi  "  ur<    homi       t  roi     bo1  torn  prli  i 

the  occupant  and  then  permit  him  to  profit 

ner.     The  company,  in  its  effort 

control    the    title 

Ini    lenient     ill' 

'   no  individual  unless  the  Btockhold- 

d  and  sell  thi  ben  all 

tal  hold- 

...■  in    aims   to  mis  against 

nnol     miction   or   i  le  their 

ol   othi 

"In 

n 

at  or  i  '    ■       f        kli 


betterment   of  llvin  ..■  aim  of  the  com- 

pany thai  restrictions  ill  interfere  as  little  as  possible 
with  individual  freedom  They  will  he  imposed  only  where 
u  is  necessax]  in  protect  th(  common  good  so  that  the  bene- 
.n-  to  be  derived  will  n.>  annoying  interference. 

In   as   much  as  the  common  that   is,   the   occu- 

pants,   will  gradual;  de    the   preferred   stockholders 

in  control,  because  the  pri  k  is  retired  as  the  sub- 

1  lor  common  stock   i-  paid  lor.  it  is  to  their  own  inter 
•  -'    to    so    guard    their   common    possession    that    the    advan 
uned   may   nut    be   lust. 
'It  has  been  predicted  that   ii  will  be  difficult  lo  lind  a  sutti 
cient   number  of  families    who   can    be   induced   lo  subscribe 
to  common  BtO<  k     n  me  such  as  has  been  outlined 

We  are  more  optimistic  than  to  believe  that,  for  the  idea 
has    been    well    advertised    and    although    we    can    now    build 

onlj  about  50  houses  we  have  received  over  E applications 

to  date,  l  think  that  our  embarrassment  will  lie  in  the  se- 
lection ni  occupants  rather  than  having  empt)  houses  on  our 
hands." 

New  Steel  Frame  Basement  Window 
A   new   basement  the   cost   of   which    is 

d    to    be   as   low    or    lower    than    wood    frame    windows, 
ii  mi  the  market  by  the  Detroit  Steel  Products 
Co.,  Detroit.   Mich  argument   advanced   in  favor 

of  the  steel  window   i     thai   it   admits    t"  pei    cent  to  50  per 
more   light  for  the   same  sized   masonry   opening.     This 
.\tra     Illumination     is    secured 
He       us,,      ol      narrow 
lied    steel    bars    in    both 
frame   and    sash,    thus    eliminat 
i  ig    the    w  ide    wooden    members 
and      permitting      the     use     ol 
larger     glass     lights.       Another 
advantage   is  the   tact   that  the 
steel    window    cannot    warp    nor 
stick.      While    the     new     steel 
window    is  provided   with  a  lock 
attached,     it     is    so    de- 
signed   that    a    padlock   may    be 
used    in   place    of   the   one    pro- 
vided        This      would      prevent 
burglars    from    cracking    out    a 
.  .ii-    of  glass  near  the  lock  and 
opening    the    window     bj     reach 
The   new    w  IndOW   '  nines 
assembled.     There  is  no 
planing,   fitting    nor    hanging   of 
to     fit     the     name        The 
ventilator     is     removable,     being 
bung   at    the   top   by   two   hinge 
pins  on  the   inside  of  the   frame 

erelj   removing  thesi    pins,  the  ventilator  may  be  taken 

mit  and  sent  awaj   to  an     time     i   pane  of 

glass  is  broken,  the  owner  can   remove  the  pins  and   lay    the 

■lor   across   his   bench    am  at    bis    leisure    and 

in    perfect    comfort.     Another  advantage    in   the   handling   of 

iiduw  is  the  fact   that  the  -sill  is  level  Inst 

0  Ide,    as    in    wood    frames      The   new 

in. lows  are  mad'  pes  and  Blzes  at  pi 

eing  standard  construction  and  in  stock  In  warehouse. 

as    follows: 
2  Ugh  '  !"■•  by  l  ft 


Steel    Window. 


melons  2  fl      :'.  In    b 

■ 
bj  i  ft     '."»  In 


The   windows  are  shipped    without    glass,   but  glazing   dips 
pplied,  these  being   small   wire  clips,  similar  to  those 

that    have    always    been    used    In    glazing    steel    sash.      An    in 
genioiis  detail   has  been   worked   out    to   hold   this  steel 
iinnt    window    solidly    in    the    wall.      The    0Ut8tde    bars    ol 

window   are  not   Intended  to  Imbi  i   in  the  building  con 
Hon  In  the  way  usuallj   employed  where  steel  sash  i-    used 
The  building  const  is  Intended  lo  come  up  flush 

ind    at    top   and    but 

torn,   anchorage   bi  In  mean     of   'our   sti  a 

Hat  pii  in    « Ide  bj  4  in.  long     The  • 

In   such   a   way    that    thi 

■_    in    into  the  channel  frames  at   the  jambs  of  the 

|  !    ]  |  I       ii    ■  ii     ..11     .      • 

01    the    window    solidly 
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Annual     Convention     Associated     General 
Contractors  of  America 

a  definite  assurance  that  construci  iv   is   under 

way  and  that  it  is  the  first  phase  of  a  genei  l]  business  re- 
rival  sums  up  tin-  results  of  the  construction  i  inference  held 
in  Cleveland  Jan.  17  to  19  by  the  Associal  I  General  Con- 
tractors "i  America.  Evidence  of  this  I  ct,  both  statistical 
and  Informal,  abounded  In  the  discussion  ol  the  delegates 
a,„i  ,,,  presented  as  a   pari  ol 

Col.    Leonard   P.   Ayres,   who   was   chi  tical   officer 

of  the  A.  E.  F-.  and  who  is  now  vice  president  of  the  Cleve- 
land Trust  Co.,  expressed  the  belief  thai  prici  ill  continue 
to  fall,  Intermittently,  for  10  or  20  years  mi  i    .  bul  com 

thai  the  construction  industry  will  be  immune  to 
many  of  the  embarrassments  of  the  coming  period,  because 
it  supplies  a  market  in  which  there  is  a  latent  demand  equal 
to  -' ',   years'  normal  production  of  building. 

•■In  other  words,"  said  Col.  Ayres,  con  '  i  ion  can  go 
along  tor  nmr  years  at  26  per  rent  abovi  normal  and  only 
rill   the   normal   demand    by   the   end   of   that    time. 

Col.  Ayres  said  that  building  finance  problems  had  com- 
menced  to  adjust  themselves,  through  greater  abundance  of 
money.  "The  acrimonious  discussions  between  ,-oui  elves  as 
ractors  and  ourselves  as  bankers  are  about  over,"  he 
remarked.  "Within  six  months  so  much  money  will  he  for 
borrowers  that  owners  will  be  able  to  arrange  building 
loans    on    pre-war    terms." 

Charts  shown  by  Col.  Ayres  indicated  a  sub  normal  vol- 
ume of  building  tor  every  year  since  1911'.  Even  the  appar- 
ent large  building  figures  for  1919  and  1920  were  only  ap- 
parent, be  declared.  The  cost  was  large  bul  the  building 
was  far  behind  even  the  current  needs  of  the  time.  The 
only  time  in  the  last  nine  years  when  the  volume  has  gone 
above  average  requirements  was  for  the  last  few  weeks  of 
October.  1921.  This  was  chiefly  residence  building,  but  it 
shows  in  Col.  Ayres'  opinion  that  the  tide  is  rising  rapidly. 
He  declared  that  building  prosperity  is  always  the  first  phase 
of  general  revivals  and  that  it  disseminates  prosperity  more 
widely    than    any    other    type    of    activity. 

Determined  not  merely  to  predict  prosperity,  but  actually 
to  observe  it.  the  constructors  arranged  a  program  in  which 
the  theme  of  waste  elimination  was  constantly   emphasized. 

J.  Park  Channing  of  Boston,  who  succeeded  Herbert  Hoo- 
ver as  chairman  of  the  Federated  Engineering  Organizations. 
gave  the  major  paper  of  the  conference  on  this  subject  and 
said  that  25  per  cent  of  the  responsibility  for  waste  rests 
on  labor,  56  per  cent  on  management  and  the  remaining  25 
per  cent  on  outside  relationships.  In  respect  to  industrial 
accidents,  however,  he  asserted  that  85  per  cent  of  the  re- 
sponsibility rests  on  the  individual  workman. 

Constantly  changing  personnel  is  a  case  of  waste  treated 
by  the  speaker  and  he  recommended  measures  to  incri 
the  period  of  active  work  so  that  employment  will  be  more 
nearly  an  annual  affair.  He  expressed  faith  in  the  method 
of  reasoning  with  employes  rather  than  ordering  them,  when 
labor  emergencies  are  encountered.  Material  control  was 
treated  as  a  major  time-saving  proposition  in  the  building 
business. 

F.  L.  Cranford  of  New  York,  former  government  director 
of  the  Muscle  Shoals  nitrate  plant,  discussed  a  20,000-mile 
trip  taken  by  officers  of  the  association  in  the  interest  of 
construction  revival.  He  expressed  the  opinion  that  labor 
has  reached  pre-war  efficiency  and  that  the  chief  retarding 
factor  is  the  general  belief  that  material   is   too   high. 

Cost-plus  contracts,  fee  contracts  and  efforts  made  in  some 
projects  to  eliminate  the  general  contra  tor  were  discussed. 
D.  A.  Garlcr  of  New  York  voiced  the  belief  that  few  archi- 
tects and  engineers  can  qualify  to  dirt  ct  a  building  project 
in  the  place  of  the  general  contractor.  Godfn  |  Edwards  of 
Los  Angeles  decried  anything  but  lump  > 
lieving  that  when  a  builder  takes  a  job  on  a  cost  plus  or  a 
fee  basis,  he  is  paving  the  way  for  his  own  elimination. 

The  conference  acted  favorably  on  the  Kenyon  bill  to 
create  a  reserve  fund  that  will  stimulate  construction  in  de- 
pressed   peri! 

Otto  T.  Mallery.  from  the  Department  of  Commerce,  urged 
that  10  per  cent  of  all  public  construction  funds  be  set  aside 
in  such  a  reserve,  each  normal  appropriation  for  that  year. 


Other  speakers   tit    the   conventii ire    Ernest    T.   Trigg 

of  Philadelphia,  president  "i  •  \  ederi i  of  Con 

struction    Industrie       ivho  tvaa    "Co-operation    in 

Construction,"    and    Col     r  ■  ■-.<.     York,    ftttomej 

who  was   formerly    legal   -ol.        .instruction  division 

..I    tho   army,    who    spoke   mi     'Organization    in    Construction' 

"The  opportunity  before  the  construction  Indui 
great."  Mr.  Trigg  said,  "it  and  when  the  publics  confidence  is 
secured. 

"We  aave  pas  ed   the  stage  when   the  employers  and  the 
employes  can   get    togethei    vitb   themselves   ami    with   each 
other  and  determine  the  affair!   o)   the  third,  party,  thi    p 
lie.     The  public  has  come   back   Into  its  power 

"But,  until  we  come  to  where  the  public's  confidence  I  re 
stored,  construction  is  not   going  to  revive." 

"The  obligation  rests  with  the  leaders  m  the  construction 
industry  to  clean  house,"  .Mr.  Twij  ■.■  emphasized.  "They  must." 
In-    said,   "see   that    the   customs   of    tin     trade    which    bold    up 

i  i  and  neutralize  .the  effect  oi  competiiion.  be  done  away 
with.  They  must  also,"  he  -am.  take  tie-  initiative  ill  pro 
■noting  more  cordial  am]  economical  relations  with  their 
workmen. 

"You  must   not   take  advantage  ol   the  fact   that   no 
have   the   whip   hand."    Mr.    Trigg    asserted.     "By    taking    the 
broad   View  of  things   right    now.   you   will  bring  about  a  con- 
dition   of    peace    in    industry    where    both    you    and    your    em 
ployes  will  share  in  ungrudged  prosperity." 

Col.  Shelby  outlined  the  steps  by  which  the  general  con 
tractors  were  organized  for  I  be  first  time  during  the  war. 
an  organization  which  preceded  the  one  just  closing  its  con- 
vention, and  pointed  to  the  accomplishments  of  its  short  ex- 
istence as  forecasting  the  progress  which  will  be  realized 
by  simplifying  the  forms  of  contract,  promoting  research  in 
industrial  methods  and  improving  the  relations  of  the  con- 
tractor-   with   the    material   dealers   and    workers. 

A  New  Drum  Mixer 

The    Austin    .Machinery    Corporation.    Chicago,    has    ju 
nounced    another    addition    to    lis    line    of   contractors'    equip- 
ment— this  time   in   tin    form  oi   a   complete  lino  of  popular- 
prlced    drum    mixers.      Heretofore    the    Austin    mixers    have 


been  of  the  cube  design,  the  mixing  being  accomplished 
without  the  aid  of  blades  or  paddles,  simply  , by  throwing 
the   batch    from    plane    to    plane    with    a    force    varying    accord 

ing  to  the  speed  of  revolution.     Tins  nece  sitated   mat 

and  construction  of  unusual  strength,  which  naturally  would 
n   ii.     price  asked.    In  tin-   new    drum   type  mixer,  re- 
course  is   had   to   the   customary    el,  ,  ;     nKm    hi    the 

interior,     'lb  m  unusual    strain   has 

enabled  tb  Austin  people  to  save  on  construction  cost  and 
thus  to  meet  the  demand  for  a  moderately  priced  mixer.  The 
samfe  principle  has  teen  utilized  to  produce  a  secondary  line 
of  Austin  pavers.  '1  be  mixe  -  will  he  supplied  in  all  stand- 
ard sizes  from  %  bag  to  2  yd.,  and  the  paver  in  sizes  from 
'-   yd.  to  2  yd. 
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New  Contrrctors'  Hoists 

Pawling  &   Harnischfeger  Co.  of  Milwaukee  baa  Btandard 

llni    ■■•  contractors'  Btationan   hoists,  two  Illustrations 

of  whlcb  are  shown  in  the  accompanying  views     These  hoists 

are  made  In  types  for  electric,  gasoline    and   belt  drive,   In 

ranging  from  B  HP   with  v\u  drum,  up  to  116  HP.  with 

18-28  (inmi      The  same  high  qualit}    electrical  apparatus  as 

furnished  on  P.  A:   ii    electric  traveling  cranes  and  hoists  is 

used  on  all   P    &   li    electric-driven  contractors'  hoists     Poi 

driven    i  msis.    motors    ol    the    types   thai    bave 


• 


d& 


P.    4    H.    2 — Drum    Electric    Stationary     Hoist. 

proven  successful  id  P.  &  li   gasoline  excavator  cranes,  trench 
excavators,   gas   shovels,  and   dragline  excavators   are  used. 
are  in  all  cases  ol  the  heavy  dutj    1-cylinder  vertical 
tractor  type  with  Bosch  magneto,   Master  carburetors,  Stew- 
art   vacuum    systems  and   air  cleaners       Automatic  throttle 
governors  are  provided  and  conveniently  located  hand  throt- 
tles.    The  bell  driven   types  are  similar  except  that  the  rear 
end  of  the  bed  frame  is  left  off.  and  a  large  size  driving  pul- 
provided  on  the  Bide  opposite  the  operators.    The  con- 
>n   for  all   types   is   Bimilai     the   bed    plates  and   side 
are    ol     box   and     [-beam   section   design   with   heavy 
girders  and   bottom  and   top   Banging.     Plates  are   ac 
■  Ij    planed  and  side-faced.     Through  bolts  are  only  used 
and  all  hides  are  drilled  in  jigs  and  fixtures.     All  drum  shafts 

are  of  high-grade  carbon  od   ground   to  exact 

giving  a   fully  polished  bearing   for  the  drum   bushings 


bands  is  Insured  becau  are  worked  in  on  drums  and 

i ned   to  conform   to  the   drum   Burface   before   placing   on 

the  hoist      This  is  done  bo  thai   the  use.    does  not   bave  to 
weai    the   brakes  in.     Counterweights   are   provided   for   all 
.  Insuring  a  quick   reli 


Humboldt    County    Redwood    Starred     in    Movies 
The  Pacific  Lumbei   Co    ha     Jusl   completed  a  moving  pic 

bowing  how    the  Humboldt   Count]    redwood   is  logged 
In   the   virgin   forest,  tran  ported   to  Scotia,  Calif.,  Bav 
the  mills,  seasoned  and  ftnall]     enl   forth  Into  service,     rte- 

glnnlng   in  Januarj    Bpeclal   r Bentatlves   ol    the  companj 

will  take  coplea  of  the  film  on  tours  to  all  parts  of  the  i 
try.     n    will    be   exhibited    al    lumbi  conventions, 

before   architects'   societies,    al    Hom<     Building    Exposi 
at  gatherings  of  specialty    manufacturer)      before  any  group 
which  is  desirous  of  1  ned  regarding  the 

lumbei   thai  tea  from  the  monan  h  i  ithei 

copies  oi   the  picture  will   be  senl   abroad   in  ordei    thai    In 
habitant-  of  oilier  lands,  too,  ma)   visil  California  and  know 

id      Japan  It   alread)    vlewini  The  film, 

which  affords  about  an  houi  -  entertainment,  ■■• 
for  The   Pacific  Lumber  i  o  pi  inned   and 

bj    us   advertising    departmenl      The    Ftothacker    Film 
Mfg.  Co.  of  Chicago   made   the   production 


Personals 

ippoln 


W.  C.  Jones,  architect,  C.  K.  eei     u     W    \\  ■ 

contract™ .    I.     O.    Balli  y.  U           Stephen       in   in 
ha\  e  bei            pointed  men 
building   codi    of   Memphis,   Tenn. 

John  p.  Kennedy,  civil  ■  and   manage! 

i  ifth   Street     Improvement      \  atlon,     has    I 

i  'i  5  er  and  conflrmi  •!   bj  the   <  Council  ai 

Board   ..i    Public   ruin  ■  Calif. 

Weils  Bosworth,  an  111  i    new   Massachusetts  lnstn 

Technology   buildings,  lias   reci  \..l   from   the   French  Government 

'  he   d(  i  oral  ii f   Chi  ralli  Honor.      Mi 

worth     has     been  many    channels    In    furthering 

friendlj    relations  with    Franc  Inci    hi    returned   t"  libs  countrj 

irom  L'Ecole  des  Beaux  An  rtlcularly  during  and 
the  war 

W.   O.    Hart,   lawyer  of    N 

■  ni    of  i he  State  Fed  J.  Glover  ol 

■■  •  «  iiii, .in     builder  and  contractor;  Vt     w    Carre  ol  \.-»  Oi 

bi  i    dealer,   and  \v.   P.   Connell   ol    B  banker,   have 

been  apoplnted  members  ol   the  Building  Contracts  Commli 

In    St.-i  it-  ni    I  .uuisknia. 

Frank     L.     Packard,    an 'm  nbus,     O.,     ha 

rom  Pri 
m  an  nltecl 
i    iii.     i  irazil  ian  Cent 
building      to  isltlon. 

I'h.     i-  iininissiiili    lilso    [nClUdl  '     nlillllB 

for  i  In-    I   nil.  .1    Stales  in    Rio 


Industrial  Notes 

A.     G.     Whitfield    In 
Scale  &   Supplj    i  '•'    :i-  district  i 
ioi   h   m.i>  St.,  Chicago,  in 

F.    P.    Lyons    Iron   Works,    -tin  namental    Iron,    Man- 

.  hi  -i.  r,   v   1 1  .  has  opi  m  ■  B<  ai  on  St., 

w  1th  ■•  I.    S.    W  -ills   iraB.  1  ni    '  harge. 
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Concerning  Future  Good  Roads  Shows 
and  Conventions 

The  notable  satisfaction  of  delegates,  visitors,  and  exhib- 
itors at  the  1922  good  roads  show  and  convention  warrants 
active  attention  in  making  sure  that  next  year's  meeting, 
and  those  that  follow  shall  be  at  least  equally  good.  Of  the 
many  factors  contributing  to  this  success  a  few  were  indis- 
pensable— among  them  those  of  location  and  facilities  No 
such  affair  can  serve  its  purpose  to  the  best  advantage  unless 
held  at  a  place  where  a  great  number  of  those  interested 
find  it  convenient  to  attend,  and  where  there  are  suitable 
facilities   and   accommodations. 

The  meetings  of  1921  and  1922  in  turn  have  been  unani- 
mously voted  "the  best  ever  held,"  and  each  was  held  in 
Chicago.  This  is  a  fairly  good  indication  that  there  are  ad- 
vantages to  be  gained  from  the  holding  of  all  these  meet- 
ings in  Chicago,  especially  when  we  recall  that  certain  of 
the  road  shows  and  conventions  held  elsewhere  in  recent 
years  have  been  conspicuous  failures 

But  the  advantages  of  the  Chicago  location  can  be  set 
forth  more  specifically.  Its  central  geographical  position 
and  complete  railroad  connections  reduce  traveling  time 
and  expenses  to  a  minimum  and  plai  e  it  within  practical 
reach  of  a  maximum  number  of  persons  Many  of  the  dele- 
gates and  other  attendants  at  the  meetings  will  have  other 
business  in  this  city,  where  so  much  of  the  road  materials 
and  road  building  equipment  business  centers.  Not  only 
are  many  thus  enabled  to  "kill  two  birds  with  one  stone," 
but  a  very  considerable  number  are  enabled  to  attend  the 
show-  by  this  circumstance  only.  The  country  for  a  great 
distance  around  Chicago  has  much  intensive  agriculture  and 
great  and  widespread  road-building  activities.  These  activi- 
ties are  in  the  hands  of  a  larger  number  of  men  in  this  sec- 
tion than  they  are  in  many  of  the  Eastern  states,  where  the 
counties  have  little  or  nothing  to  do  with  road  building.     Afi 


the  road  show  is  essentially  a  business  affair,  the  induce- 
ments of  various  "resort  cities"  are  completely  outweighed 
by  the  other  reasons. 

Likewise  there  is  no  virtue  in  the  claim  that  fairness  re- 
quires that  the  show  be  passed  from  one  city  to  another. 
The  road  show  is  given  for  the  benefit  of  the  road  industry 
and  not  as  a  means  of  bringing  business  to  the  cities,  and 
the  only  claim  that  Chicago  or  any  other  city  can  have  to  it 
is  that  the  interests  of  that  industry  are  best  served  by  hold- 
ing the  show  there.  Chicago's  "Coliseum"  provides  better 
space  than  can  be  found  in  almost  any  other  place  where  the 
show  might  probably  be  held. 

This  matter  of  space,  however,  requires  further  comment, 
for  though  better  than  mwt  cities  can  furnish,  it  was  still 
inadequate  this  year.  The  "Coliseum"  and  annex  were  over- 
flowed, and  two  fortunately  available  adjoining  buildings 
were  pressed  into  service.  Clearly  a  larger  structure  is 
necessary,  and  unless  it  is  provided  Chicago  will  lose  her 
claim  to  one  of  the  important  facilities — that  of  adequate 
exhibition  space.  Chicago's  municipal  pier  has  the  neces- 
sary space,  but  unfortunately  is  not  equipped  for  winter 
heating.  If  a  heating  plant  can  be  supplied  at  the  pier,  a 
very  desirable  solution  of  the  problem  will  have  been  effected. 
Otherwise  it  will  be  up  to  Chicago  interests  to  supply  the 
necessary  space  by  some  new  arrangement  or  perhaps  by 
enlargement  of  the  Coliseum.  Other  classes  of  exhibitions 
will  have  increasing  space  needs,  and  certainly  it  should 
never  again  be  necessary  as  it  was  this  year,  to  turn  away- 
would-be  exhibitors  because  of  lack  of  room. 

The  1922  good  roads  meeting  suffered  from  competition 
— unintentional  but  nevertheless  damaging.  The  Associated 
General  Contractors  held  their  annual  convention  in  Cleve- 
land on  the  same  dates  that  the  road  show  was  held  in  Chi- 
cago, and  many  interested  people  were  obliged  to  forego 
either  one  or  the  other,  or  to  limit  their  attendance  to  an 
unsatisfactory  fraction  of  each  convention.  It  is  the  duty 
of  our  great  national  societies  to  keep  in  close  enough 
touch  and  co-operation  with  one  another  to  assure  that  never 
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rentions  with  as  much  ol  common  interest 

be  held 


Better  Edging  is  Needed  Next  to  Car 
Rails 

•.or   knows   without    being   told 

that  I  Iway  companies  have  a  heavy  burden  in 

the  m  pavements  adjoining  their  rails.     True, 

■  •■'.lent  edgings  which  have  remained 

it  in  general 

.!  next  to  the  rails  requires  many  times  as  much 

main!.  her  pavement      K   ap]  ears  that  rail 

edging  is  a  subject  worthy  of  more  attention  than  it  1 

l<  •  -t    will 

be  warranted  i;  it  can  be  made  to  result  in  substantial  sav- 
ings in  maintenai 
This   is   not   an   easy   Bold   for  experiments       Never! 

me  which  some  of  our  large  atreet  railway  interests 
might  attack  with  a  prospect  "f  being  well  repaid  for  their 
efforts.  Studios  in  design  would  naturally  come  lirst.  and 
would  be  followed  bj  experiment  and  by  service  trials.  We 
cannot  predict  the  outcome  of  such  work,  but  wo  suggest 
that  there  are  possibilities  in  very   t;  of  stone,  con- 

crete, metal  or  other  materials.    There  might  also  be 
bllities  in  small  sizes,  and  in  mi  pecial  composition. 


New  York's  Opposition  to  the  St. 
Lawrence  Waterway 

Now  that  the  International  Joint  Commi  ported 

favorably  upon  the  "Great  Lakes-St.  Lawrence  Deep  Water- 
way Project,"  there  is  excellent  prospect  of  that  great  enter- 
prise being  carried  to  completion — but  not  without  opposition. 
For  the  moment,  the  character  rather  than  the  substance 
of  the  opposition  is  a  matter  for  our  concern.  If  there  are 
valid  arguments  against  the  project,  they  will  be  given  full 
consideration,  and  will  be  weighed  against  the  advantages. 
This  will  require  time,  but  it  will  be  time  well  spent.  This 
opposition,  if  it  may  be  called  such,  is  of  sound  character. 

But  an  attack  of  another  sort  was  launched  against  the 
project  immediately  upon  the  disclosure  that  it  was  to  re- 
ceive serious  consideration.  From  Xew  York  State  there 
came  a  volley  of  abuse  for  the  proposed  St.  Lawrence  route 
and  fulsome  praise  for  the  New  York  barge  canal,  calculated 
to  disgust  any  thinking  man.  and  indicating  a  near  panic  in 
the  minds  of  the  senders.  For  days  the  office  of  Engineering 
and  Contracting  was  bombarded  with  circulars  of  this  char- 
acter— many  of  them  being  copies  of  speeches  by  the  gover- 
nor of  New  York  State.  Several  of  them  came  by  air  mail 
— presumably  with  the  idea  that  thereby  recipients  would 
be  impressed  with  the  active  earnestness  of  the  workers. 
nnd  probably  also  with  the  fact  that  they  didn't  need  to 
economize.  The  language  of  these  circulars  was  such  as 
wins  applause  at  political  meetings  where  audience  and 
speaker  are  of  one  faith.  As  technical  arguments  they  were 
worthless,  and  if  they  were  circulated  largely  among  en- 
gineers it  is  but  further  evidence  of  the  poor  judgment  of 
the   senders. 

In  the  face  ol  present  claims  by  New  York  champions  that 
they  are  not  acting  from  self  interest,  we  do  well  to  remem- 
ber that  the  New  York  Legislature  ol  1920  adopted  a  reso- 
lution opposing  the  St.  Lawrei  because  it  "would 
be  detrimental  to  the  New  York  Barge  Canal,  the  commerce 
•  and  .  .  would  d  -imerce 
from  its  natural  . 


Chicago    appeals    bj     no    means     iolitarj     in    her    financial, 

and    moral    nil.  : 

In  the  middle  of  January,  the  municipal  shops,  of  Chicago, 

which  an    reported  as  having  been  installed  at  a  total  cost 

are  closed  by  the  city  council  because  they 

pleti    Falluri        ■   cording  to  the  council's  investi- 

tmittee,  the  city   shops   made   an  apparently   good 

showing  for  a  time,  but  made   it   through  charging  exhorbl- 

rates  to  the  .  nents   for   which   they   worked. 

Here  are  a  few  examples  as  reported  in   the  newspapers: 

"City  w.,ii,  ,   ioo  p,,r  ,.,  „, 

t    it    would   li  said   one  alderman 

Tilt-  city  can  and 
.;;ln   Btandard  auto  Urea  foi    list  PI  per  cent,  but 

the   shops   bought    tires  at   list    prlc<     and    th<  the    de- 

cent adi 
to  four  times  as  much   as  they   would  bad  had 

■  ]■■!•    b)   pi  o  at<    • 
"Here   is  an   illustration:     A   watei    >..u.       v  Italde 

would  have  cost  $12.  cost  the  city  t8S   In   tie 
. 
•  if   JS0    at    tie 
pairs,  whether  it  was  put  In 
.... 
Tie  liar  Fords  In 

the  course  of  one  year,    T:  erase  of  $852.3.    mor<    than 

I  he  i  ost  of  a  new  Ford. 
During   the   year   the    r.  pa 
mother  J1.0SS.91,  and  on  tie  10.     It  might  be  pi- 

that   those   Fords   would  run    for  ■     .iter.      But    >! 

committee's   Investigators  n  that  all  three  be  disposed 

of  four  momi 


Merely  Another  Example 

on    will 
•  n  from   Chicago  on  the  ground  that 
Chicago  Is  a  bad!  aality  of  the 

admin  have  no  quarrel,  but  we  do  maintain  the 

Not    only    are    i  Ize    and 

importance  i  make  any  of  her  official  doings  sig- 

■     alone    in    having    an    administration 
with  ■■  m  York  or  Boston  at  the  pres- 

ent   i  I  delp      l    or    San    Francisco 

the  not  too  any  number 

I      and 


New  Methods  of  Gravel  Road  Construction 
in   Iowa 

Considerable  change  has  been  made  in  the  past  two  years 
in  the  methods  of  constructing  gravel  roads  in  Iowa.  The 
methods  now  followed  were  described  by  J.  F.  Reynolds  of 
Storm  Lake,  la..  District  Engineer  of  the  Iowa  State  High- 
way Commission,  in  a  paper  presented  Jan.  18  at  the  34th 
annual  meeting  of  the  Iowa  Engineering  Society.  We  quote 
from  Mr.  Reynolds'  paper  as  follows: 

The  first  thing  we  consider,  of  course,  is  the  material 
available.  In  judging  various  gra\el  deposits,  the  important 
screen  test  is  no  longer  the  amount  of  material  retained  on 
a  %-in.  screen  but  is  more  nearly  the  material  retained  on 
an  %-in.  screen.  Gravel  passing  ..  ',-in  screen  but  retained 
on  a  %-in  screen  is  excellent  material.  The  very  best  ma- 
terial we  could  get  for  gravel  road  construction  would  be  a 
material  well  graded  and  ranging  in  size  from  %  in.  to  ma- 
terial that  will  pass  a  1%-in.  s 

It  has  long  been  thought  that  a  certain  amount  of  clay 
binder  was  necessary  in  constructing  a  gravel  road.  After 
observation  of  roads  constructed  with  both  clean  gravel 
and  gravel  carrying  a  percentage  of  clay,  I  have  come  to 
the  conclusion  that  the  cleaner  the  gravel  is  when  it  goes 
onto  the  road  the  better  the  road  we  will  have. 

It  is  true  that  clean  gravel  will  not  pack  as  quickly  as 
gravel  carrying  a  percentage  of  (lay.  hut  when  it  does  pack 
it  ejves  a  much  better  wearing  surface  and  the  necessary 
clay  for  binding  the  material  is  worked  up  from  the  sub- 
grade.  Looking  at  it  in  another  way,  it  is  very  foolish  to 
pay  for  hauling  clay  from  the  source  of  supply  to  the  road 
and  to  pay  for  the  clay  by  the  cubic  yard  when  there  Is 
of  this  binder  material  in  the  subgrade  itself.  There 
is  only  one  place  where  I  will  consider  adding  binder  to  the 
!  and  that  is  where  a  gravel  road  is  being  constructed 
over  a  subgrade  that  is  mostly  sand.  There  are  very  few 
of  these  cases  in  northwest  Iowa. 

The  next  thing  we  consider  in  a  gravel  road  construction 
is  the  subgrade.  Of  course,  it  has  been  long  conceded  that 
it  is  necessary  'bat  the  subgrade  be  won  drained,  but  It  was 
only  a  couple  of  years  ago  when  prai  tically  all  countie 

img  gravel  on  a  crowned  -ubgrade  and  attempting 
to  place  tin.  gravel  in  a  position  in- which  they  wanted  it 
Dt  we  insist  on  a  level  subgrade.  The  right 
man  can  take  a  12  ft.  blade  trader  and  so  shape  the  road 
that  good  shoulder  lines  are  left  and  the  surface  is  level 
from    shoulder    to    shoulder. 

After  the  adoption  of  the   flat    subgrade   we  still   for  some 

Ittempted    to   place  our  gravel   on    this   subgrade;   Just 

le.wn  en  the  plans.    The  result  was  that  traffic  would 

g.,  to  thi     shoulders  of  the  road  and   would  have  exceedingly 
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difficult  going  until  the  gravel  packed.  If  this  gravel  was 
traveled  on  a  sufficient  length  of  time  it  would  apparently 
pack  on  the  subgrade.  This  would  soou  be  broken  ui>  by 
heavy  traffic  and  leave  the  road  pitted  and  full  of  holes.  It 
was  almost  impossible  to  maintain  a  smooth  riding  surface 
on  the  roads  built  in  this  way. 

After  attempting  various  methods  ol  placing  the  gravel 
we  finally  came  to  the  one  that  is  now  commonly  in  use. 
The  gravel  Is  deposited  in  the  center  ol  iin  mad  and  spread 
out  wide  enough  so  that  there  remain  onlj  about  an  Inch 
of  material  in  the  center.  The  balance  of  the  materia]  is 
on  the  shoulders.  Under  maintenance  this  material  is  brought 
towards  the  center  of  the  road  as  fast  as  the  gravel  is  packed. 
This  leaves  a  road  that  at  all  times  during  construction  is 
tsy  riding  road  and  traffic  at  no  time  encounters  deep, 
loose  gravel.  If  the  material  is  brought  in  from  the  sides. 
we  have  a  gravel  road  that  is  compacted  from  the  bottom  up. 

A  very  common  method  of  determining  whether  or  not  the 
travel  is  properly  spread  is  to  observe  the  lines  of  traffic 
going  over  the  new  construction.  If  the  traffic  is  all  con- 
fined to  the  center  of  the  road  it  is  an  indication  that  the 
gravel  is  properly  spread  because  traffic  naturally  goes  to 
that  place  in  the  road  where  it  is  easiest  to  get   thsough. 

Another  method  that  is  productive  of  equally  good  results 
is  to  deposit  the  gravel  along  the  shoulders  of  the  road  and 
spread  a  small  portion  towards  the  center.  The  center  of 
the  road  is  then  built  up  under  traffic  just  a  explained 
in  the  first  method  of  spreading. 

We  have  found  that  the  method  of  constructing  gravel  road 
just  described  gives  a  road  with  about  the  proper  amount  of 
crown  for  this  part  of  Iowa.  We  find  that  with  the  flat 
crown  thus  produced  that  all  of  our  material  does  not  become 
firmly  compacted  in  the  road,  but  there  is  a  film  ol"  gravel 
dusting  over  the  road  which  makes  an  excellent  protection 
for  the  road  during  heavy  traffic.  It  also  gives  the  main- 
tenance man  something  to  work  with.  As  soon  as  you  see 
a  gravel  road  with  all  the  loose  gravel  along  the  shoulders 
or  going  into  the  side  ditches  it  is  a  very  good  indication 
that  the  road  is  constructed  with  too  much  crown,  and  the 
only  method  I  have  found  for  constructing  a  road  that  will 
not  have  too  much  crown  shortly  after  it  is  finished  is  the 
one   above   outlined. 


Test  of  Central  Plant  Mixed  Concrete 
for  Maximum  Safe  Haul 

Tests  for  the  purpose  of  determining  the  probable  safe 
maximum  length  of  haul  for  central  plant  mixed  concrete  to 
be  used  in  a  proposed  experimental  concrete  road  near  Wash- 
ington, D.  C,  have  been  made  by  the  U.  S.  Bureau  of  Public 
Roads.  The  results  are  outlined  as  follows  in  the  December 
issue  of  Public  Roads,  the  official  publication  of  the  Bureau. 

How  the  Experiment  Was  Conducted. — The  experiment  was 
made  in  the  following  manner:  Two  batches  of  concrete 
in  the  proportion  of  1:1%:  3  were  mixed  in  a  stationary  con- 
crete mixing  plant  of  1  cu.  yd.  capacity.  Potomac  River  sand 
and  gravel  were  used  as  aggregates,  the  latter  graded  from 
M:  In.  to  %  in.  in  size.  An  effort  was  made  to  mix  each 
batch  to  a  consistency  having  a  slump  of  about  2  in.  as 
measured  by  the  truncated  cone. 

After  mixing,  the  concrete  was  dumped  directly  into  a 
3-ton  truck,  the  wooden  body  of  which  had  previously  been 
divided  into  six  compartments  by  means  of  transverse  boards 
equally  spaced  and  each  about  1  ft.  high,  The  concrete  in 
the  two  batches  was  dumped  so  that  ea<  b  of  these  six  com- 
partments contained  approximately  i  cu  yd.  After  making 
a  slump  te^t  and  casting  6  in.  by  12  in.  cylindrical  specimens 
for  compression  test,  the  truck  was  run  for  30  minutes, 
when  the  contents  of  the  first. compartment  were  sampled 
for  consistency  and  strength.  The  concrete  in  compartment 
No.  1  was  not  dumped  at  this  time  but  was  sampled  in  the 
truck,  every  effort  being  made  to  secure  average  samples. 
The  truck  was  then  run  to  the  Arlington  Experimental  Sta- 
tion, a  distance  of  3  miles,  where  the  contents  of  compart- 
ment No.  1  were  dumped.  Inasmuch  as  a  dump  body  was 
not  available  for  this  experiment  it  was  necessary  to  shovel 
out  the  concrete  by  hand.  Its  consistency  at  this  point, 
however,  was  such  that  it  came  out  readily  and  would  prob- 
ably have  dumped  easily  from  a  regulation  dump  body.  After 
removing  the  concrete  from  compartment  No.  1,  the  truck 
was  run  about  the  station  roads  for  15  minutes,  returned  to 


the  starting  point  and  1 1 1 « -  contents  ol  the  second  compart 

tnent  deposited.     Samples  [or  both  consistency  and  strength 
were  likewise  taken  of  this  material,  after  which  the  opera- 
tion of  driving  15  minutes,  dumping   and  sampling  ws 
peated  until  all  of  the  concrete  had  been  deposited. 

The  concrete  had  been  mixed  ::  hours  and  10  minutes 
when  the  last  section  was  removed.  Bj  this  time  it  had  be- 
come so  hard  that  it  was  necessarj  to  break  it  up  with  a 
pick.  Up  to  section  6,  however,  it  was  possible  to  remove 
the  concrete  with  shovels,  and.  although  very  dry,  Bej 
tion  had  not  become  especially  marked.  This  may  probably 
be  accounted  for  by  the  fact  that  the  concrete  was  mixed 
fairly  dry  in  the  first  place,  the  initial  slump  being  only 
about  2  in.  It  has  been  noted  frequently  that  wet  concrete 
will  segregate  more  quickly  and  pack  more  readily  during 
hauling  than  dry  concrete. 

Strength  Not  Affected  So  Long  as  Concrete  Is  Workable.— 
The  results  of  the  tests  for  consistency  as  well  as  the  28- 
day  crushing  strength  tei  I  fen  in  Table  I.    They  are 
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also  shown  in  Fig.  1,  in  which  the  slump  in  inches  and  the 
crushing  strength  in  pounds  per  square  inch  at  28  days  are 
plotted  against  the  length  of  haul  in  hours.  It  will  be  noted 
that,  whereas  the  concrete  became  very  dry  after  about  one 
hour's  haul,  the  strength  of  the  cylinders  prepared  from  the 
various  batches  was  about  the  same.  In  only  one  case  was 
the  strength  much  below  the  general  average  of  3,500  lb. 
per  square  inch.  This  was  noted  in  the  case  of  the  cylinders 
made  from  the  concrete  in  compartment  No.  1.  Nothing 
in  the  appearance  of  the  concrete  at  the  time  these  cylinders 
were  cast  would  account  for  the  difference  in  strength.  All 
of  the  specimens  were  made  as  nearly  as  possible  in  accord- 
ance with  the  recommended  practice  of  the  American  So- 
ciety for  Testing  Materials  for  taking  field  specimens  of  con- 
crete, but  as  the  concrete  in  the  last  three  compartments 
was  so  dry  as  to  show  practically  no  slump  it  was  necessary 
to  use  considerably  more  pressure  in  preparing  the  cylinders 
representing  these  sections. 

The  appearance  of  the  concrete  during  the  experiment 
would  indicate  that  it  could  have  been  handled  by  a  concrete 
pavement  finishing  machine  at  any  period  up  to  two  hours 

TABLE  I— RESULTS  OF  TESTS  OF  CENTRAL,  PLANT  MIXED 


Com- 
part- 
ment 

number. 


Tojal 
elapsed 

time.- 
Hrs.  .Min. 


10 


COXCKKTK. 


th.  pounds 
Inch.* 


1-16 


I  i  i 



3,510 

10 
3,840 
3  300 


(2) 

2.200 

2.960 
3,580 

4,230 

3,370 


16 
3.505 
2.435 

roc 

io 

3,335 


'Test  made  at  plant. 

-Time  between  initial  mixing  and  sampling. 

r-Test  made  with  truncat.  6  .  ties  high  and  with  top  and 

bottom  diameters  of  4  and  s  in.,  respectively. 

'Tests   made  on   fi-in.   by    12-in  I  rete   at 

age  of  2S  davs. 


(35) 


i  d   ( 'ontrat  ting  for  Ft  bi  uary    i . 


after   mixing.     It   became   too   dry    for   hand    finishing,   how- 

\  isumlng    thai    .1    wetter 
mixture  would  ha  i  more  quickly,  especially  with 

tee  that  the  mosl 

j  to  utilize  the  centra]  mixing  plant 

road  construction  is  in  connection  with  a  machine  finisher. 

It   also   indicates    that   so   long   as    tl  rkable 

od  of  hauling,  the  Btrength  will  not  be  affected.' 

The  experiment  was  made  simply  In  order  to  obtain  some 

When   handled  as 
plant-mixed  com  the  intention  ol  tl 

reau  of  Public  Roads  to  make  a  somewhat  Invest!- 

In   the  near  future,  using  a   variety  of 
'    neies. 


Method  of  Constructing   Modified  Telford 
Base 

■I.  the  Tennessee  State  High- 
waj  Department  is  now  using  a  modified  telford  base  In 
some  of  its  highways.  An  interesting  account  of  the  methods 
of  constructing  this  base  is  given  by  .1.  11  Thomas,  in  the 
Highways,  a  publication  of  the  depart- 
ment.     The    notes    following    are    taken    from    Mr.    Thomas' 

At  the  present  time,  the  State  Highway  Department  has 
0  in  K mix  Count]  a  Federal  Aid  Project 
Ling  from  the  City  limits  of  Knoxville  to  the  Loudon 
Line,  the'  total  length  of  the  project  being  15.6  miles. 
This  construction  is  a  link  in  the  most  important  through 
highway  in  East  Tennessee.  The  existing  road  was  a  12ft. 
macadam  surface  which  had  worn  so  roughly  that  it  was 
almost  impossible  to  ride  over  it  in  an  automobile  at  a  speed 
exceeding  10  miles  per  hour.  In  the  design  of  the  new  high- 
way  it  was  decided  to  utilize  as  much  of  the  existing  mac- 
adam surface  as  it  was  possible  to  use  without  material  to 
alignment  and  grades.  It  was  therefore  decided  to  scarify 
and  reshape  the  existing  macadam  surface  on  9%  miles  of 
this  project.  In  this  way  it  was  possible  to  obtain  an  ex- 
well  compacted  sub-base  for  the  pavement.  The 
graded  width  of  roadway  is  26  ft.,  exclusive  of  ditch  lines, 
and  the  width  of  surface  is  is  ft.  All  drainage  structures 
are  constructed  of  concrete.  The  type  of  base  course  speci- 
fied is  hand  placed  base  course  No.  1,  consisting  of  large 
stone  very  carefully  placed,  and  giving  a  total  depth  of  8 
in.  after  compaction.  This  project  is  surfaced  with  Kentucky 
rock  asphalt.  Work  started  on  the  project  about  the  middle 
of  April  and  the  construction  of  base  course  was  begun  about 

The  existing  macadam  surface  is  thoroughly  scarified  and 
roughly  Bhaped  with  a  road  machine.     The  fine  dressing  of 
the  sub-grade  was  then  accomplished  in  the  following  man- 
ner:    Line  and  grade  stakes  are  set  by  the  engineer  in  the 
"enter  of  the   roadway,   at  the   extreme  outside  edge  of  the 
roadway  and  at  points  intermediate  between  the  center  and 
the  edge  of  the  roadway.     These  stakes  are  usually  set  50 
ft.  apart      strings  are  then  stretched  from  one  stake  to  the 
forming  five  lines  between   any   50   ft.     Fine  grading 
•1   performed   by  hand,  using  picks   and   shovels.     The 
ol  this  has  been  a  perfectly  uniform  and  compacted 
subgrade,    which    consists    of    the    existing     macadam     and 
which  will  probah;  bout    1  In    li    depth      The  char- 

de  uniform 
Isting  macadam  to  a  width  ol   is   ft.     The  crown   u 
3  in.  In   9   ft   or  one-third  of  an   inch   per   root,   ' 

exactly  para  finished 

and   forming  the  arc  of  a  parabola 

ide   has  been  prepi  tlined   above 

tone   forming    tie  on    the    sub- 

tcs  of  wood  Si;   In.   In   I 

thickness  of  :  a  rule, 

in  lint  to  the 

other    1  ■  ■  placed 

I  line,    in  this  manner  it  is  possible 

.  bard  quality  of 

red    mat  -   car* 
so  a.i   ' 

the  minimum  1  rub-. 


the  Btonea  are  selected  and  placed  so  that  each  stone  ex- 
tends entirely  from  the  subgrade  to  the  top  of  the  base.  The 
use  of  very  large  stone  is  prohibited.  After  placing  the 
main  V   spalls   and   other   wedge-shaped   angular 

rock  are  dropped  by  hand  vertically  into  the  voids  between 
the    main    stones,    t  forming    ideal    wedges.     Care 

is  also  exer>  1  .    th(    main  Btone  as  nearly  vertical 

i  irlj   at   ti^lit  angles  to  the  direction  of 

the  center  line  of  the  road   as   possible. 

placing  and  wedging   the   void  .  the  surface  of  the 

base  i>  aapped    0  at  to  bn  ik  up  any  angular  points  which 

above  the  general   level.    However,  not  a  great  deal 

required  in  n  because  of  the  uni- 

tormlty   ol    the  Btone,   and    great    care   exercised   in   placing 

I    napping,  thi  the   base  is  thoroughly 

rolled   with  a  10-ton  roller  until  all   Btone  is  thoroughly  com- 

pacted  and  wedged. 

The    contractor   has   found    it    advisable    after    shaping   his 
subgrade  to   haul   this  stone  and   dump   it    directly   upon  this 
ide  tor  a  distance  ranging  0  1  mile  from 

the  place  where  he  is  laying   I  baa  generally  kept 

from   four  to  six  gangs    1  .   these   being  placed   at 

■■a  Is  of  about  75  ft.    He  has  generally  used  about  four 
men    to   each    gang   placin  rage    rate   of 

placing  has  been  about  75  lin.  ft.  per  day  for  each  gang  of 
four  men. 

After  thorough  rolling,  the  voids  in  the  main  stone  com- 
posing the  base  course  are  filled  with  screenings.  Pure 
screenings  were  used  as  a  filler;  that  is,  only  material  pass- 
ing through  a  %-in.  circular  opening  and  including  dust 
These  screenings  are  applied  carefully,  broomed  into  the 
voids  by  hand  and  the  surface  again  rolled,  the  application 
of  screenings,  brooming,  and  rolling  continuing  at  the  same 
time  until   all  voids   are   filled. 

After  all  the  voids  in  the  main  stone  have  been  filled  as 
previously  outlined  a  smoothing  layer  of  stone  is  spread  to 
a  uniform  depths  of  2  in.  over  the  base  course  which  has 
been  constructed.  This  stone  consists  of  material  passed 
over  a  %-in.  circular  opening  and  through  a  2V2-in.  circular 
opening.  This  material  is  spread  verj  carefully  and  in  such 
a  manner  that  the  finished  surface  is  perfectly  uniform,  free 
from  all  depressions  and   waves,  and  irallel  to  the 

finished  surface.  A  definite  thickness  ol  stone  was  used  in 
all  cases.     After  spreading  this   si. me  and  lous  to 

the  spreading  of  rock  asphalt  this  smoothing  layer  is  lightly 
rolled,  just  sufficiently  to  thoroughly  set  the  stone  into  the 
base  course  and  to  smooth  the  surface  and  not  sufficiently 
to  materially  crush  the  stone  composing  this  layer. 


No  Politics  in  Road  Construction  in  Ontario 

Addressing  the  past  presidents  and  directors  of  the  Amer- 
ican Road  Builders'  Association.  \\  ho  were  entertained  at 
dinner  by  Lt.  Col.  H.  L.  Bowlby.  president  of  the  organiza- 
tion, at  the  recent  convention.  F.  C.  Biggs,  Minister  of  Public 
Works  for  the  Province  of  Ontario.  I  anada,  declared  that 
road  building  in  his  province  is  divorced  entirely  from 
politics. 

"We  have  57,000  miles  of  road  all  told  in  Ontario,"  he  said. 
"We  propose  to  spend  $25,000,000  on  new  roads  this  year. 
We  have  2,000  miles  of  Unproved  roads  now  under  main- 
tenance. The  Dominion  Government  pays  40  per  cent  of  the 
maintenance;  the  Province  of  Ontario  40  per  cent,  and  the 
municipalities  20  per  cent.  In  municipalities  of  less  than 
750  population,  our  roads  are  built  through  the  municipality 
without  cost  to  the  town.  It  the  town  is  above  750  in  popu- 
lation, the  Province  pays  40  per  cent  of  the  central  20-ft. 
width. 

"Politics   Is   not    known    in    road    CO  in    Ontario. 

We  have  no  commission  to  blame  for  anything.  The  Min- 
ister of  Public  Works  is  responsible  to  the  people  from  the 
floor  of  parliament.  Our  people  are  nol  favorable  to  com- 
missions. If  the  Minister  of  Public  Works  does  not  make 
good,  he  finds  after  the  next  election  that  somebody  else 
job. 

"All    of    the    bridge   construction    in    Ontario    of    whatever 

nature,  whether  the  bridge   be   1"  11    long  or   1.000  ft.  long, 

done  by  my  department    We  have  a  staff  of  65  engineers. 

all  of  whom  are  direct!]  to  the   head   ol   the  de* 

partment    fi  ■■"  pei  cent    erved  with  the  Canadian 

n     ra  or  France.     We  are  rather  proud  of  our 
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Recent  Developments  in  the  Highway  Field 

Abstracts  of  Papers  Presented    Before  the  Good   Roads  Congress  Held  at  Chicago  Jan.   16-20  by  the 

American  Road  Builders  Association 


Highway  Research 


By  W.  K.  HATT, 

Highway  R<  i    i. 

i 

The  proportion  of  die  national  wealth  available  for  the 
purposes  of  transportation  is  limited.  This  proportion  must 
be  distributed  among  the  various  agencies,  railroads,  high- 
ways, etc.  Inasmuch  as  the  money  sprat  on  one  agenc]  is 
not  available  for  another,  it  is  clear  that  highway  transport 
is  intimately  bound  up  with  transportation  in  general.  At 
present  we  see  but  dimly  this  new  form  iportatlon, 

highway  transport,  which  has  come  upon  us  in  the  past  IE 
years.  No  man  can  think  wisely,  and  no  legislation  can  be 
properly  based,  until  the  date  of  economies  of  highway 
transport  are  assembled  and  analyzed. 

That   part   of   the   national   wealth    dev<  highways 

should  represent  capital  invested,  earning  dividends?  and 
not  capital  consumed.  Therefore,  the  location  and  type  of 
road,  should  be  based  upon  the  traffic,  present  and  future, 
the  climatic  conditions,  the  foundation  and  available  ma- 
terials. In  other  words,  the  economic  balance  between  cap- 
ital cost  and  operating  expense  should  be  maintained.  The 
highway  should  be  designed,  as  an  engineer  designs  anything 
else,  to  fit  the  conditions.     There  is  no  nostrum. 

But  when  we  speak  of  operating  costs,  where  are  the  data'.' 
Who  knows  the  maintenance  costs  of  various  types,  properly 
allocated  to  surface,  shoulders,  ditches,  etc.,  and  the  replace- 
ment cost;  and  the  traffic  that  reflects  itself  in  these  costs? 
And  who  knows  the  operating  costs  of  the  vehicle  arising 
from  roads  of  various  grades,  lengths  and  surfaces?  Since 
somewhere  near  $12  are  spent  on  the  vehicle  where  $1  is 
spent  on  the  road,  the  survey  of  the  situation  should  not  be 
confined  to  the  road. 

And  who  should  pay  the  cost  of  highways,  the  user  alone, 
or  property  and  user?  What  part  of  the  cost  should  be  met 
by  bonds  and  what  part  by  current  funds? 

We  have  been  so  busy  buying  shoes  for  our  rapidly  in- 
creasing family,  that  we  have  not  had  time  to  sit  down  and 
work  out  the  budget. 

Now  it  is  clear  that  highway  development  in  the  future 
must  depend  upon  a  more  critical  economic  analyses  than 
in  the  past;  and  the  highway  transport  officials  must  pre- 
pare their  case.  The  data  of  economics  of  transport  must 
be  gathered  as  rapidly  as  possible. 

On  the  engineering  side  we  have  made  rapid  progress, 
studying  materials,  strength  of  road  slabs  to  carry  loads 
over  various  conditions  of  subgrade.  So  that  when  the  legis- 
lators tell  the  engineer  what  maximum  load  he  is  to  pro- 
vide for,  a  fairly  consistent  design  will  be  forthcoming.  But 
will  the  legislator  decide  this  question  arbitrarily? 

The  Advisory  Board  on  Highway  Research  of  the  National 
Research  Council,  has  its  sleeves  rolled  up,  and  is  on  the 
job.  Its  job  is  to  draw  up  a  comprehensive  program  of  high- 
way research,  to  make  use  of  the  research  agencies  in  this 
field  of  research,  and  to  collect  and  distribute  the  informa- 
tion that  will  allow  a  wise  judgment  upon  these  questions. 


Single   Track   Concrete   Roads  for  the 
Average  County 

By  P.   C.   McARDLE, 

Former    Superintending   Engineer,    Veri         n    County,    Illinois. 

In  substantially  all  counties  there  is  a  growing  demand 
for  inter-communicating  roads  within  each  county  to  sup- 
plement the  great  through  routes  provided  by  the  state  and 
national  government,  and  the  people  are  not  satisfied  with 
gravel  or  macadam  roads  heretofore  largely  constructed 
by  townships  and  road  districts.  Few  of  the  states  have  any 
considerable  mileage  of  double  track  hard  surfaced  roads 
already  constructed  so  that  for  a  long  time  the  state  and 
federal  appropriations  will  be  required  for  through  route 
state  and  federal  aid  roads— the  burden  then  must  fall  on 
the  counties,  the  townships,  or  road  districts  for  the  remain- 
der. Illinois  has  placed  the  responsibility  of  maintenance  of 
state  aid  roads  not  yet  constructed  upon  the  county,  but  pro- 


■ thod  whereby  counti     n n  truct  state  aid  roads 

through    bond    issues,    and      I  - eceive 

the  benefit  of  state  aid;    whili  obliga- 

tion of  maintenance  after   construction    If   such 
is  carried  on  undo    plant       pei   i  in  .   estimates  of  cost 

and   contracts   approved    by    the    state    and    under    its    super- 
vision.   It  is  certain  that  under  present  circumstance! 
ties   are   unable    financially    to    con  trucl    any    considerable 
mileage  of  double  track  roads,  but  could  in   pari   satisfy   the 
demand  by  building  single  track  roads. 

Vermilion  County,  Illinois,  in  1916  designed  and  has  since 
then  completed  a  system,  210  miles  of  single  track  paved 
roads,  of  which  170  miles  was  constructed  by  the  county 
itself,  30  miles  by  townships  forming  connecting  link 
10  miles  by  the  state.  This  system  reaches  into  every  sec- 
tion of  the  county,  connecting  every  town  with  the  county 
seat,  and  with  each  other.  A  considerable  accomplishment 
for  a  county  with  a  population  of  80,000,  and  an  assessed 
valuation  of  162,000,000.  Outside  of  one  north  and  south 
(Dixie  Highway)  and  one  east  and  west  road,  the  balance 
of  the  system  serves  every  need,  and  will  for  many  years 
to  come,  but  the  two  through  routes,  though  standing  the 
traffic  very  well,  must  sooner  or  later  be  widened  to  double 
track  roads.  Part  of  the  Dixie  Highway,  for  live  miles,  was 
widened  in  1920  by  the  state  by  adding  an  8-ft.  section  to 
the  already  10-ft.  section,  thus  widening  it  to  18  ft.,  with 
very  satisfactory  results.  All  of  the  single  track  roads  built 
by  the  county  had  gravel  or  macadam  shoulders  constructed 
on  each  side  of  the  10-ft.  slab.  Of  these  roads  140  miles 
were  10-ft.  concrete,  and  30  miles  were  10-ft.  monolithic 
brick  roads.  The  state  constructed  originally  10  miles  brick 
road  on  concrete  base,  of  which  somewhat  over  a  mile  was 
double  track,  of  the  remainder  3  miles  had  macadam  shoul- 
ders, and  5  miles  without  shoulders.  This  latter  was 
widened  to  18  ft.  All  of  these  roads  have  been  given  satis- 
factory service. 

If  a  county  such  as  Vermilion  County.  Illinois,  can  finan- 
cially construct  so  complete  a  system  of  roads  that  in  part, 
at  least,  fill  the  need  for  hard  surfaced  roads,  it  follows 
that  other  counties  similarly  situated  could  do  the  same 
thing,  and  if  a  county  with  a  population  and  assessed  valu- 
ation such  as  Vermilion  County  could  be  considered  an  aver- 
age county,  then  single  track  roads  would  furnish  a  method 
of  satisfying  the   public  demand  for  hard  surfaced  roads. 


Utilizing  Small  Stream  Valleys  for  Traffic 
Routes 

By   JAY   DOWNER, 
Engineer,    Bronx    Parkway    Commission.    New    York. 

The  valleys  of  our  larger  streams  are  so  commonly  used 
for  traffic  routes  that  it  is  quite  unnecessary  to  call  atten- 
tion to  their  advantages.  This  discussion  is,  therefore,  lim- 
ited to  the  protection  and  use  of  small  stream  valleys  in 
the  vicinity  of  centers  of  population.  In  the  beginning  we 
may  as  well  face  the  fact  that  every  small  stream  valley  in 
or  about  a  center  of  population  is  destined  to  be  either  a 
substantial  asset  or  a  definite  liability  to  the  city  through 
which  it  extends.  If  it  is  taken  in  hand,  protected  and  uti- 
lized, with  marginal  lands  acquired  by  the  municipality,  it 
will  usually  afford  excellent  location  for  traffic  routes,  trunk 
sewer  lines  and  parkways,  which  will  substantially  increase 
property  values  in  its  zone.  While  on  the  other  hand,  if 
left  to  shift  for  itself,  unprotected,  such  a  stream  valley  is 
almost  certain  to  degenerate  into  a  nuisance  zone  with  dis- 
tinctly depressing  influence  on  property  values  and  with 
the  growth  of  population,  presenting  an  increasingly  diffi- 
cult problem,  which  ultimately  must  be  solved  at  a  cost  for 
abating  the  nuisance,  which  may  easily  be  many  times  the 
cost  of  providing  a  parkway  and  important  traffic  route,  if 
reasonable  foresight  had  been  exercised. 

How  the  Bronx  River  Has  Been  Reclaimed.— As  an  illustra- 
tion of  the  general  problem,  I  will  describe  how  a  particular 
case — that  of  the  Bronx  River  in  and  adjacent  to  the  city 
of  New  York,  has  been  reclaimed   and   utilized  for  what  is 
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destini  ne    of    the    world's    greatest    pleasure 

traffic    routes— the    Uronx    River    Parkway. 
The  Bronx  River  Parkway  Reservation  extends  for  a  dis 
61    16    mill's,   from    the   Botanical    Qardens   ol 

Park  in  New  York  City,  to  the  great  Kensico  Dam,  four  miles 
north  of  White  Plains,  the  county  seat  of  Westchester  hills 
and  emptying  into  Long  Island  Sound.  It  lias  a  beautiful 
valley  between  ridges  roughly  parallel  north  and  south. 
Bold  and  rocky  in  ol  meadow 

land  in  other  portions:  in  short,  the  diversity  of  scenerj 
that  Westchester  County  is  noted  for.  The  New  York  & 
Marl. in   R.   P.  closely   follows   this   water  course  and   with   the 

pment  of  towns  and  villages  along  this  railroad,  there 
the   tnevltahle   sewage   pollution  and   discharge  of  fac- 
tory   wastes.      The    Bronx    River    went    from    bad    to    worse 

-  a  channel  to  convey  i 
cumulated  filth  of  the  valley  towns  such  as  White  Plains. 
Mount  Vernon  and  the  upper  portion  of  Bronx  Borough,  Into 
Bronx  Park,  through  which  the  river  Bows  and  enlarges  Into 
;  small  lakes  I'nfit  for  decent  human  habitation,  the 
river  banks  in  the  towns  were  cluttered  with  stables,  shacks 
and    small   factories,   which    with   the   stream    itself   formed   an 

unsanitary  nuisance  affecting  extended  areas. 

Investigations  of  the  Bronx  Project.  More  than  26 
ago.  in  1S95,  the  polluted  condition  ol  the  Bronx  River  at- 
sufficient  attention  to  bring  about  the  appointment 
by  the  governor  of  an  investigating  commission.  This  com- 
mission employed  an  engineer,  who  wisely  recommended 
that  the  low  lands  along  the  river  be  acquired,  not  only  to 
fully  protect  the  river  from  pollution,  but  to  provide  ample 
width  for  a  trunk  Bewer  and  important  traffic  route  for  Park- 
way Drive.  The  shortsightedness  of  those  commissioners 
in  refusing  to  adopt  the  recommendations  of  their  engineer 
has  cost  the  people  of  New  York  City  and  Westchester 
County  many  millions  of  dollars,  for  if  the  Parkway  had  been 
established  at  that  time,  the  necessary  lands  could  have  been 
acquired  at  a  mere  fraction — certainly  not  more  than  one- 
fifth — of  the  present  cost.  This  1895  commission  recom- 
mended instead  that  a  sanitary  trunk  sewer  be  built  parallel 
to  the  river.  The  question  of  enclosing  the  entire  river 
in  a  big  storm  sewer  was  discussed,  but  discarded,  it  being 
Impracticable  to  build  a  storm  sewer  large  enough  to  carry 
the  flood  waters.  That  commission's  recommendation  to 
expend  a  large  sum  for  the  construction  of  a  sanitary  sewer 
did  not  appeal  to  the  public  imagination  and  nothing  re- 
sulted  therefrom. 

Ten    years    elapsed    and    it  olutely    necessary 

from  a  sanitary  standpoint  to  clean  up  the  situation.  An- 
other investigating  commission  was  appointed  in  1906,  which 
recommended  that  the  most  feasible  solution,  having  regard 
for  economy  and  return  in  public  utility,  was  the  creation 
of  a  Parkway  Reservation,  which  would  include  the  low- 
lands and  immediate  slopes  along  either  side  of  the  river. 
The  commission  pointed  out  that  this  was  the  cheapest  way 
to  protect  the  river  and  that  the  land  to  be  acquired  would 
provide  locations  not  only  for  sanitary  sewer,  but  for  a 
great  parkway  with  traffic  artery  extending  from  New  York 
lark  system  15  miles  along  the  picturesque  river  to 
the  magnificent  Kensico  Dam  and  Reservoir,  where  the  city 
owns    I  ol    beautiful    woodland     and     lake    areas. 

These  recommendations  were  adopted  as  a  joint  project 
of  New  York  city  and  Westchester  County,  and  the  legisla- 
tive act  provided  for  acquiring  about  1,200  acres  of  land 
along  the  river,  elimination  of  sewage  pollution  and  develop- 
a  parkway. 

Present  Status  of  the   Improvement.     With   the   past 

•  in  all 

around    New    York    City    and    lands    li 
River   Valley,   which  could  have  been  acquired   a   few 
t  at   much   lower  cost,   had   so  advanced  that  the 
perhaps,  $1,500,000  to  $2,000,- 
Dg     In    iplte  of  the  utmost   economy   in  ac- 
quisition,  up  00       In   tli«'    Meantime,   thl 
ural   I  •  valley  had   teen   , 

■     'oration    ol  tl 
added    to    tl  i    of    delay    in    start  inir    He-    project. 

The  Parkw., 

situation  and   as  soon  as  the  lands   were   acquired   the   nui- 

■    and   refuse    cl(  aned    up,    and 

over  151  ere  eliminated.    With  the  river 

and    r>-  ervatlon   finally   clean,   the   commission    found    Itself 

in    1919   w  itli   funds    Mi    hand   foi 


men (  program,  the  mam  feature  ol  which  wa>  the  construc- 
tion   of    a    Parkway    Drive.     1"    ft.    in    width,    connecting    the 
City's    boulevards  at   Bronx    Park    with    the   magnificent 
tern   of    state   roads   diverging    from    the    northerly    terminus 
of  the   new    Parkway   at    Kensico   Dam. 

This  4o  ft.  driveway  located  In  Parkway  Reservation  vary 
Ing  in  width  from  200  to  1,200  ft.,  with  an  average  width  of 
'■en  ft.,  will  provide  an  OUl  I  'or  pleasure  traffic  of  tre- 
mendous value  to  the  great  metropolis,  The  work  ol  con- 
Btructlng  the  drlvewaj  ;-  ibou  •■  ball  finished  and  the 
traffic  on  the  sections  aln  idj  opened  Indicates  that  the 
driveway  will  be  used  to  capacltj  ..leu  completed  al 
end  of   1923 


Suggestions  for  Future  Asphalt 
Specifications 
By  i.kroy  m    LAW, 

i  :hemlsl    \,  v    i 

Coming  now  to  the-  matt,!  ol  suggestions  for  future  asphalt 
specifications,  I  shall  take  the  liberty  of  approaching  this 
phase  of  the  subject  from  tie  standpoint  of  a  retlner.  Most 
engineers  and  contractors,  however,  have  usually  proven 
themselves  to  be  open  to  suggestions  from  producing  Intei 
ests,  consequently  the  following  thoughts  may  be  not  amiss. 

Perhaps  the  greatest  desirability  in  future  specifications 
is  a  more  general  simplification  of  requirements.  The  four 
provisions  for  penetration,  ductility,  loss  on  heating  and 
flash  point,  together  with,  perhaps,  solubility  in  carbon 
disuphide  and  carbon  tetra-chlorlde,  and  softening  point  in 
the  case  of  fillers,  are  serving  the  needs  of  many  large  <iti,> 
and  state  highway  departments  and  there  is  no  good  reason 
why  they  should  not  serve  everywhere. 

Methods  of  tests,  preferably  the  above  standards,  should 
accompany  all  asphalt  si>>  ciflcations  or  suitable  references 
should  he  made  therein  so  that  the  refiner  will  know  not 
only  what  properties  are  di  red  hut  how  they  wfll  be  deter 
mined.  As  a  matter  of  fact,  methods  of  testing  are  as  vital 
parts  of  specifications  as  the  actual  requirements  yet  in 
most   cases  this  does  not  appear  to  be  realized. 

Another  suggestion— and  on,-  thai  1  make  with  consider- 
able delicacy — is  that  we  should  hav<  just  a  little  more  com- 
petent inspection  of  deliveries,  for  the  refineries  are  fre 
quently  the  victims  of  Inefficient  and  even  careless  testing. 
in  this  connection  improper  sampling,  overheating  of  the 
specimen  by  too  hasty  melting  and  the  use  of  eontaminated 
containers  have  frequently  been  found  responsible  for  dis- 
crepancies.  Sampling  as  well  as  testing  should,  therefore, 
be  conducted  only  by  experienced  persons.  Refinery  labora- 
tories are  equipped  with  the  latest  improved  apparatus  and 
employ  high  grade  technical  operatives.  While  occasional 
errors  are,  of  course,  possible  with  all  human  agencies,  the 
chances  for  incorrect  shipments  are  few  under  modern 
methods  of  refinery  control. 

The  Narrow  Limits  for  Consistency  of  Paving  Asphalts. 
— Before  closing  this  paper,  1  desire  to  call  your  attention 
to  the  uarrow  limits  for  consistency  or  "penetration"  of  pav- 
ing asphalts  which  are  now  being  ordered  and  ask  your  co- 
operation in  remedying  what  has  for  some  time  been  quite  a 
troublesome  matter.     It   is   not   by   any  means  expected   that 

i,  accomplish  at  once  a  standardization  in  this   r< 
for  certain  engineers  have  more  or  less  fixed  ideas  regarding 
ihjcct  and  BU<  I  necessarily  requir. 

i  ers  shall  be  satisfied.  At  the  same  time,  however. 
we  must  look  at  the  general  situation.  There  ate  two  rea- 
sons why  asphalt  penetration  limitation  should  not  be  un- 
duly :  f  the  fact  that  they  are  not 
generally  understood,  these  reasons  are  presented  more  or 
detail. 

In  the  first  place,  although  the  penetration  test  itself  has 
now  become  fairly  well  standardized  as  staled,  it  is  by  no 
i  -*at  precision  as  Bome  .it.  disposed  to  con- 
sider u.  a  three-point  difference  between  two  operators 
working  in  the  same  laboratory  is  quite  permissible 
ing  within  the  limit  of  experimental  error  and.  since  such 
erence  may  he  in  either  direction  a  six  point  permissi- 
ble  range   is  thus  justified. 

Under  the  circus  m   allowing  a    two 

point  range  actual!  the  refinery  to  four  points  or 

let:  ation  « blch  ufflclenl   but  only 

so  under  tie-  most  rigid  control  ol  manufacturing  conditions. 
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I'm  similar  reasons  five-point  limitations  are  manifesto  se- 
vere ami  only  possible  to  comply  with  whore  both  the  soil 
er's  and  purchaser's  laboratories  work  u<  a  degree  of  pre- 
cision that  is  not  warranted  by  the  th(  h 
self.  Furthermore,  orders  calling  for  <:  finite  consistencies 
such  as  "50  penetration  asphalt,"  "60  penetration  asphalt." 
etc.,  obviously  do  not  allow  even  for  the  •  xperimental  error 
of   the    laboratory    and    an-    practical!,                    ile    to    fulfill. 

Reduction  in  Number  of  Varieties  Desirable.— In  the  sec- 
ond place,  narrow  penetration  limits  ha\ me   to   mean  a 

multiplicity  of  products  which  in  turn  involve  much  un- 
necessary elaboration  of  refinery  equipmei  We  cannot 
economically  run  our  plants  like  the  pickle  factories  and 
we  should  be  permitted  to  discontinue  a  few  of  our  varieties. 
If  not,  the  refiner  must  either  elaborate  equipment  or  be 
continually  changing  his  operating  conditions  with  a  result- 
ing loss  in  plant  capacity.  These  conditions  are  reflected 
either  in  increased  manufacturing  cost  or  delayed  shipments 
— sometime  both— with  no  benefit  other  than  the  latisfac 
tion  of  an  exaggerated  idea  of  accuracy.  We  do  not  believe 
that  many  engineers  will  contribute  to  such  conditions  once 
the   facts   are   fully   explained. 

In  line  with  the  foregoing  statement,  some  refineries  'are 
endeavoring  to  standardize  their  paving  asphalts  as  far  as 
pcis-  ble  and.  at  the  same  time,  take  care  of  the  well  estab- 
lished types  of  construction.  Under  such  an  arrangement 
reasonable  quantities  of  several  grades  such  as  40-50,  50-60. 
60-70  penetration,  etc.,  could  be  kept  in  stock  available  for 
prompt  shipment. 

This  policy  is  entirely  in  line  with  specifications  of  the 
United  States  Bureau  of  Public  Roads  and  many  cities  and 
municipalities.  It  is  also  in  accord  with  the  recent  action 
of  the  American  Society  for  Testing  Materials  which,  in 
proposing  six  "classes"  of  asphalts  for  paving  purposes,  al- 
lows similar  penetration  limits.  Many  purchasers,  we  are 
glad  to  say,  are  already  in  harmony  with  such  arrangements 
but  a  small  minority  prevents  them  from  realizing  the  full 
advantages 


Paving  Widths  for  Highways  Serving  Large 
Cities 

By  WILLIAM  P.  CAVANAUGH, 
County    Highway     Commissioner,    Milwaukee,    Wis. 

According  to  the  goverment  census  of  1920,  we  have  in 
the  United  States  today  12  cities  with  a  population  in  excess 
of  500,000  people  and  56  cities  with  a  population  between 
10 0   and  500,000. 

A  large  percentage  of  the  more  heavily  populated  cities 
today  have  hard  surfaced  highways  radiating  outw-ard  from 
their  corporate  limits  that  are  entirely  inadequate  to  han- 
dle  traffic   because  of  their  narrowness. 

This  is  not  due  to  a  lack  of  foresight  in  most  cases  on  the 
part  of  highway  engineers  but  due  mainly  to  the  fact  that 
these  communities  are  not  in  a  position  to  finance  the  build- 
ing of  a  highway  to  a  greater  width. 

Considerations  in  Selecting  Pavement  Width. — In  choosing 
the  proper  width  to  construct  a  new  highway  or  to  widen 
an  old  one  it  is  sometimes  quite  difficult  to  determine  what 
width  is  proper.  AVe  have  to  consider  first  of  all  the  amount 
of  traffic  it  takes  before  construction  together  with  the  ex- 
pected increase  it  will  afterwards  be  called  upon  to  take. 
It  may  be  that  in  succeeding  years  adjacent  and  parallel 
highways  will  be  built  and  a  certain  portion  of  traffic  will 
he  diverted  over  them. 

In  starting  construction  at  the  limits  of  a  city  that  part 
of  the  highway  through  the  outlying  districts  often  required 
a  greater  width  than  that  further  on,  due  to  a  greater  traffic 
on  account  of  conditions  being  similar  to  city  conditions  and 
being  more  heavily  populated  than  portions  of  the  highway 
further  on. 

In  these  communities  it  is  well  to  take  the  future  growth 
or  expansion  of  the  city  into  account  and  plan  accordingly, 
adopting  the  proper  alignment  and  grades  so  as  to  after- 
wards conform  to  the  grades  and  alignment  of  future  inter- 
secting streets.  Drainage  structure  should  also  be  planned 
with  this  end  in  view. 

In  the  event  that  a  highway  is  to  be  paved  20  ft.  wide  with 
the  intention  of  later  increasing  this  width  it  is  well  to  con- 
struct the  20-ft.  width  to'  conform  to  the  center  line  of  the 
right  of  way  and  not  make  the  mistake  that  some  communi- 


ties have  in  building  along  the  old  roadbed  high  deflected 
here  and  there  from  the  center  line,  The  main  idea  of 
course  in  so  doing  was  to  cut  down  on  the  grading  cost  and 
obtain  a  more  solid  foundation.  Afterwards  when  these 
territories  build  up  and  the  traffic  increases  it  becomes  neces- 
sary to  widen  the  roadbed  and  it  cannot  be  uniformly 
widened  on  each  side  and  the  result  Is  the  proper  crown 
cannot  be  obtained  on  the  new  road  and  there  is  not  a  uni- 
form sidewalk  space.  Additional  right  of  way  has  to  be 
purchased. 

Hazards  of  Narrow  Highway. — An  18-ft.  or  20-ft.  highway 
is  especially  hazardous  for  pedestrians  at  night  time  where 
highways  close  to  the  city  are  not  illuminated.  Most  states 
have  regulations  regarding  automobile  headlights  but  the 
lack  of  illumination  has  been  the  cause  of  a  great  many 
accidents  where  autoists  have  run  into  and  injured  or  killed 
pedestrians.  We  have  some  of  our  highway  in  Milwaukee 
County  illuminated  and  expect  to  continue  this  work  each 
year.  We  are  using  ornamental  concrete  poles  with  the 
bracket  light  and  the  cables  laid  underground.  Unless  these 
lights  are  elevated  to  a  height  of  at  least  25  ft.  there  is  a 
very  noticeable  glare  on  the  eyes  of  the  passing  motorist. 

Most  of  our  16-ft.  roads  today  are  inadequate,  especially 
so  when  there  is  any  amount  of  truck  traffic  and  the  major 
portion  of  our  highways  are  being  constructed  18  or  20  ft. 
wide.  This  width  suffices  to  care  for  two  lines  of  traffic. 
Some  consideration  should  he  given  to  the  matter  of  con- 
structing a  30-ft.  width  which  does  not  provide  for  more 
than  three  lines  of  traffic.  We  often  speed  up  to  pass  the 
car  in  front  and  doing  so  may  frequently  meet  another  driver 
doing  the  same  thing  coming  towards  us  and  the  result  is 
a  head-on  collision  in  the  center.  It  almost  seems  that  in 
providing  increased  widths  we  should  provide  for  either 
two,  four  or  six  lines  of  traffic. 

I  believe  the  use  of  a  curb  is  warranted  on  wider  road- 
ways as  the  fills  do  not  have  to  be  constructed  as  wide  and 
the  shoulder  width  can  be  cut  down,  especially  through  the 
cuts,  doing  away  with  ditching;  the  drainage  structures  do 
not  have  to  be  built  as  wide  and  less  right  of  way  is  neces- 
sary. It  is  clearly  not  good  engineering  to  provide  either 
inadequate  or  extravagant  widths  and  it  is  often  the  case 
that  a  pavement  3  or  4  ft.  narrower  than  the  one  laid  would 
serve  all  the  purposes  of  the  w;ider  one  or  an  additional  3 
or  4  ft.  to  a  pavement  along  a  highway,  especially  with  a 
car  line,  will  provide  for  two  extra  lines  of  traffic.  Pave- 
ments are  expensive  to  lay  and  should  therefore  be  only 
sufficient  to  provide  for  traffic  needs  during  the  life  of  the 
surfacing. 

The  blind  acceptance  of  right  of  way  widths,  irrespective 
of  the  various  uses  to  which  streets  are  being  put,  is  es- 
pecially unwarranted  in  the  outlying  parts  of  the  city 
where  houses  are  just  beginning  to  be  built  and  where  the 
widening  of  main  lines  of  travel  would  be  comparatively 
cheap. 

Experience  the  world  over  teaches  us  that  old  highways 
must  be  widened  when  the  opportunity  arises,  but  a  com- 
munity without  a  definite  plan  or  program  lets  these  oppor- 
tunities for  widening  pass  by. 


The    Use   of    Local    Mineral    Aggregate   in 
Bituminous  Macadam  Roads 

W.  A.  WELCH. 


The  proper  use  of  local  mineral  aggregate  in  bituminous 
road  construction  means  great  economy  in  these  days  of 
high  transportation  and  labor  costs.  It  is  possible  to  build 
good  bituminous  macadam  road  surfaces  with  practically 
any  stone  or  coarse  gravel  found  in  the  United  States,  pro- 
vided this  aggregate  is  free  from  loam,  dust  and  silt  when 
used. 

The  Sub-Grade  the  Real  Road. — The  bituminous  mixture  is 
at  best  a  wearing  surface  like  the  rails  of  a  railroad  and  it 
must  be  thoroughly  and  properly  supported  by  the  sub- 
grade  or  it  will  fail.  The  subgrade  is  the  real  road — it  must 
be  properly  placed,  thoroughly  drained,  well  settled  and 
compacted,  and,  on  such  a  subgrade,  a  bituminous  surface 
can  be  laid  successfully  with  a  mineral  aggregate  of  com- 
paratively low  crushing  strength,  except  on  main  trunk  roads. 
It  is.  of  course,  very  necessary  to  thoroughly  bond  this  ag- 
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and  keep  II  tree  from  moistures,  dirt  and  dust,  tor 
ire,   in   my   opinion,   the   greatest    enemlet    ol    proper 
bonding. 

a  railway  engineer  estabUatai  ind  weight  of  his 

rails  iii  accordance  with  I  I   bis  traffic. 

On  main  trunk  lines,  these  rails  are  made  beavj  enough  to 
carry  the  heavy  fast  traffic,  in  Bplte  ol  mil  in  the 

subgrade,  but  on  the  branch  lims  and  feeders,  these  rails 
are  lighter  tor  economy's  Bake,  Experience  bas  taught  these 
things  and  many  others  to  the  railwaj  builder  and  the  high- 
way engineer  should  profit  by  these  years  aci  and 
experiment,   for  our   highways    have   become    very    like   our 

railways  Your  main  trunk  lines  Should  have  wearing  sur- 
faces which  will  carry  any  traffic  and  anj  speed,  without 
failure,  in  spite  of  minor  defects  in  the  Bubgrade,  but  BUCh 
surfaces  are  not  necessary  on  minor  roads  and  It  Is  QOt  econ- 
omy to  build  i 

Rock  for  Bituminous  Macadam  Road  Surfaces.  The  bafe 
crushing    strength   of   trap    rock   or    basalt  pproxi- 

mately   350  tons   per  square   toot,   of   the  granites  '■'•;•><  tons 
n.ire  foot,  of  the  limestones  and  marbles  ".00  tons  per 
BQuare  foot,  of  good  air  cooled  as  per  square  foot, 

of  the  sandstones  215  tons  per  square  toot,  and  ordinary 
chalk  15  tons  to  the  square  foot 

Practically  all  the  stone  In  this  country  comes  within 
these  limits  and  all  of  it  save  the  chalk  and  very  soft  sand- 
stones will  make  good  bituminous  macadam  road  surfaces. 
I  ations  must  vary  with  the  types,  The  softer  aggre- 
Kiiist  be  used  in  larger  sizes,  greater  care  exercised 
with  them  to  keep  out  the  dust  and  the  rolling  must  be  gov- 
erned by  the  type  of  aggregate.  The  harder  stone  can  be 
thoroughly  compacted  bj  beavj  rollers  and  still  penetrated 
and  thoroughly  bonded  by  the  asphalt  or  tar,  hut  the  softer 
stones,  when  used  in  penetration  work,  must  not  be  rolled 
as  hard  or  they  will  not  allow  the  binder  to  properly  fill  the 
voids,  and  care  must  be  taken  to  keep  the  aggregate  even, 
as  many  quarries  have  seams  or  stratas  of  soft  shaley  stone, 
which,  if  put  in  with  the  better  material,   will  cause  trouble. 

More  care  must  be  taken  with  the  top  course  or  seal  coat 
when  the  softer  aggregates  are  used  to  insure  a  thorough 
coating  on  the  actual  wearing  surface 

Causes  of  Failure  of  Bituminous  Macadam.  — There  is  little 
accurate  data  obtainable  on  this  subject,  for  few  experi- 
mental sections  of  such  surfaces  have  been  laid  and  watched. 
Of  all  the  failures  of  bituminous  macadam  surfaces,  which 
have  come  to  my  notice,  none  have  been  due,  in  any  way, 
to  the  character  of  the  mineral  aggregates.  By  far,  the 
number  of  these  failures  are  due  to  bad  subgrade  and 
the  others  to  poor  workmanship,  dirt  and  dust  in  the  aggre- 
gate or  poor  bonding,  due  to  improper  rolling  and  penetra- 
tion. Many  of  these  failures  are  due  to  frost  action  in  the 
subgrade,  or  improper  drainage,  which  permits  this  frost  to 
heave  up  the  surface,  or  the  gradual  accumulation  of  moist 
ure  in  poorly  drained  places  in  the  subgrade,  which  destroys 
the  support  of  the  wearing  surface  through  no  fault  of  that 
surface. 

Other  failures  were  plainly  due  to  improper  mixing  or 
penetration,  from  careless  workmanship;  others  to  the  care- 
less use  of  dirty  aggregate,  so  full  of  loam,  silt  or  dust  that 
the  binder  was  not  able  to  reach  the  stone,  or  the  aggregate 
idly  graded.  And  some  other  failures  are  entirelj 
due  to  bad  or  improperly  heat<  d  ine  sheet  asphalt 

failure  was  due  to  the  use  of  glazial  silt,  ground  as   line  as 
as  the  only  aggregate. 

Examples    of    Bituminous   Macadam   Construction. — I  know 
Of    penetration    surface    m    which    three    experi- 
mental                     ere  laid,  each  of  about   500   ft,     in   tl 
basalt,  lime 

■:•■  and  sand  I  ter,   v.  bile, 

on  all  I  the  road,  granite  o 

"f  -  In.,  L'   in.  and   1   in. 
penlng,  a  seal  cut   on  and   nolhing 

it  in  the  p  ma- 

ad  I  can  distlngul 
difference   at   all    in   these   four  [lent.      This 

road  ha  i  41  r  season  of 

eight  months  and  the  pavement  i,  in  perfect  condition;  but 

of  telford. 

mile    long    hill,    brick    paved,    on    concrete    base,    wilh    i 

■ 

lay  a 
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temporary  cinder  Burface  on  it.  Three  inches  of  clean  steam 
cinders  were  spread  and  rolled  with  a  10,000-lb.  roller  and 
l  gal.  per  yard  of  bltumli  was  applied  and  lightly 

covered  With  more  cinders  Two  years  later  another  appli- 
cation of  V4  g"1  per  yard  id"  binder  was  made  and  lightly 
Covered    with   cinders,    ai    th(     <iid    >>1    another    two   J  ears,    this 

ol  temporal  y  sui  tdlt  Ion  and  more 

than  830,000  cars  and  trucks  used  it  during  the  last  eight 
months,  and.  yet,  the  crush  Qg  trengtb  of  cinders  is  not 
great. 

in  Eastern  Ohio  and  Western  Pennsylvania,  much  slag  has 
been  used  and  when  treated    ■  tone  has  made 

it  faces.      Main    BUrfaci       ha\e    I n    laid    with    crushed 

graved,   which   is,  of  course.   Just    Ilk  bed  stone,   If 

properly  screened  and  washed  before  crushing,  The  usual 
specifications  tor  this  aggregati  i   cent  or  more  of 

material   to   have   angular   fragm 

But  some  surfaces  haw-  been  laid  with  gravel  without 
crashing,  and  when  this  aggregate  was  (lean,  properly  sized 

and   bonded,  these  surfaces   have-   I n    good       In    Massachu- 

:id    other    .New     England    states,    t h is    uncriishod    gravel 

aggregate  has  been  extenslvel)  used  In  the  so-called  "Tar 
Concrete  Pavements"  with  success  when  the  workmanship 
Od,  and  many  old  |  I  ivel  rn.nl-  have  been  successfully 
surfaced    with   only    gravel 

Good  workmanship  mean-  more  in  bituminous  macadam 
surfaces  than  mineral  aggregate  does. 

It  would  seem  much  wiser  for  the  engineer  to  carefully 
study  all  available  local  mineral  aggregate  and  prepare  his 
spei  Ideations  to  permit  the  greatest  possible  use  of  it  in  his 
surfaces,  than  to  fall  into  the  easier  method  of  copying 
nl  specifications  and  so  compelling  contractors  to 
import  these  aggregates  and   so  greatly  increase  costs. 

Better  put  this  extra  money  in  your  subgrade  work,  for 
that  is  really  your  road. 


The   Bates  Experimental   Road   of   Illinois 
Highway  Department 

By  CLIFFORD  OLDER, 

i  ;  of    1  'UbliC     Works. 

With  the  large  amount  of  money  for  road  construction 
that  had  been  made  available  bj  the  passage  of  the  $60,- 
000,000  road  bond  issue  act,  it  was  considered  of  extreme 
importance  that  "guess  work'  be  eliminated  from  pavement 
design.  With  this  in  mind  the  construction  of  an  experi- 
mental road  near  Springfield  was  undertaken.  This  is 
known  as  the  Bate-     l  ntal   Road.     It  was  started   in 

1920  and  finished  during  the  summer  of  1921.  The  work  of 
completion,  and  the  subsequent  investigations  which  have 
taken  place,  and  which  will  be  supplemented  by  running 
trucks  over  the  road  next  spring,  was  heartily  endorsed 
by  Governor  Small. 

The  Bates  Road  is  about  two  miles  in  length,  and  includes 
G3  sections  each  approximate^  200  ft  long  and  representing 
all  types  of  modern  pavement  .  several  thicknesses  of  each 
type  being  used  so  that  when  trucks  are  operated  over  the 
road  with  increasing  loads,  the  capacity  of  each  section, 
measured  in  terms  of  weigh!  and  numbers  of  trucks,  will 
be  plainly  obvious* 

Some  Results  of  the  Experiment.  Although  the  truck 
loading    of   this    road    has    not    yet    taken    t  .-arch 

work  carried  out  by  the  department  thus  tar  indicates  what 
may  be  expected  of  each  type  Ickness.    Already 

many    matters    of   great    inlet'  ind    of    vital 

Importance  to  the  tax  payers  and  the  road  users,  which  have 
not   heretofore  been  known,  have  been  determined.    For  ex- 
Heretofore   II    ha  timed   that   by  means  of 

tile  drain  .  the  foundation  oil  under  a  pavement  may  be 
kept    dry.    The    Bates  Road  test     howi    that  tile  drains  are 

ag    the    foundation   soil 
dry    is    concerned,   although    thej  -  i  I    ■  - 

"heaving"  of  the  slab  bet  Ion.     a  surprising 

rough!  out  was  that   the      int  ol   water  in  the  soil 

under    a    road    slab    may    I"-  pet    cent     of    the 

weight   of  the  dry  soil,  and  this   in  spite  of  the  fact  that  tile 

be    placed    along    each    edge   of   the   pavement. 

Rigid  pavements,  BUCh  ■  on  a  concrete 

-  -I    and    rii-'i'l  C8     ISl    I    I  On* 

numb  believes;  bul  are  in  constant  motion  even  though 
no   wagons  or   trucks   may   he   moved   over   them.      Such 

I 
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ments  lengthen  and  shorten  due  to  cl  In   tempera! 

they  stretch  and  shrink   laterally   dm  inn    cau  ei 

More  important  to  the  engineer,  how,  ....  is  the  (act  dis- 
covered i'\  Hi"  [UlnolB  DlviBion  ol  Hi  that  the  un- 
equal beating  and  cooling  of  the  top  red  with  the 
bottom  suri.ee  ol  the  pavement  as  the  temperature  ol  the 
aii  changes,  causes  the  pavement  slab  to  curl  up  at  the 
edges  al  hi-  »i  to  i"  b  an  extent  as  to  lift  the  edges  entirely 
off  the  foundation  soil,  in  the  day  time  the  rev.  rse  i  true, 
when  the  center  of  the  pavement  is  likely  to  be  lifted  en- 
tirely tree  from  the  foundation.  The  importance  of  this  ac- 
tion maj  be  appreciated  when  it  is  known  that  the  edge 
te  slab  7  in.  thiek  may  lift  abo  the  inundation 
ireme  cases  as  much  as  \i  in.  at  night.  Obviously, 
pavement  slabs  must  be  designated  for  this  condition. 

\s  a  result  of  these  investigations,  it  is  believed  that 
Illinois  has  been  enabled  to  design  pavements  having  prac- 

y  double  the  strength  of  the  designs  heretofore  used, 
i  at  a  saving  in  cost  of  approximately  $1,500  per  mile, 
matter  of  interest  brought  out  relates  to  the 
breaking  down  of  concrete  slabs  under  repeated  loads,  due 
to  a  fatigue  of  the  slab.  This  may  be  better  understood  by 
an  illustration.  The  Department  has  found  that  a  truck 
wheel   carrying  a   total   weight  of  about  >.    pass 

along  the  edge  of  a  7-in.  concrete  pavement  of  the  ordinary 
design  once  or  twice  without  breaking  the  pavement;   yet  if 

ame  wheel  passed  along  the  edge  from  10  to  50  times, 
the  edge  of  the  pavement  breaks  down  in  many  places. 
Loads  on  such  a  pavement  would  have  to  be  reduced  to  2Vi 
tons  in  order  that  trucks  having  wheel  loads  of  this  magni- 
tude might  be  carried  indefinitely  by  the  pavement.  Fur- 
ther, investigations  have  shown  that  a  pavement  may  carry 
loads  equal  to  60  or  TO  per  cent  of  the  critical  loads  only  a 
few  thousand  times  without  breaking — in  other  words,  in 
order  to  provide  a  reasonable  factor  of  safety  a  pavement 
must  not  be  loaded  in  excess  of  one-third  of  its  apparent 
strength  without  danger  of  its  failing  in  a  comparatively 
short  time. 

Although  the  construction  of  the  Bates  road  has  involved 
a  considerable  expenditure  of  state  funds  this  fund  has  al- 
ready been  returned  many  times  in  reduced  construction 
costs  and  the  knowledge  gained  as  regards  the  construc- 
tion of  better  roads.  While  the  saving  effected  in  the  ex- 
penditure of  the  $60,000,000  road  fund  will  amount  to  a  con- 
siderable sum  because  of  the  Bates  experiment,  yet  this  item 
is  of  far  less  importance  than  the  saving  of  maintenance 
expense  effected  by  the  construction  of  the  best  pavements 
engineering  ingenuity  can  devise. 


Uniform  Legislation  as  Affecting  Highway 
Traffic  and  Highway  Transport 

By  D.   C.   FENNER, 

Manager,  Public  Works  Department,   International   Motor    ''.. 

Any  discussion  and  understanding  of  uniform  legislation 
as  affecting  highway  traffic  and  highway  transport  must  be 
based  upon  a  thorough  knowledge  of  the  political  structure 
of  the  governmental  units  in  which  highway  ^traffic  and  high- 
way transport  prevail.  This  observation  seems  almost 
axiomatic  and  perhaps  superfluous,  yet  too  often  in  voicing 
the  desirability  and  need  for  uniform  motor  vehicle  legisla- 
tion we  overlook  the  fact  that  motor  vehicles  in  their  opera- 
tion pass  through  the  border  lines  of  and  come  in  turn,  un- 
der the  jurisdiction  of  municipalities,  counties  and  states. 

As  for  municipal  control  over  highway  traffic  and  high- 
way transport,  the  kind  and  degree  of  such  control  is  de- 
pendent either  upon  the  constitutional  rights  which  any 
state  may  give  to  its  municipalities,  or  else  upon  the  laws 
which  states  have  enacted  delegating  more  or  less  of  their 
own  power  on  the  subject  to  some  or  all  such  munieipalities. 

While  it  is  true  that  as  a  general  rule  the  municipalities 
may  not  enact  ordinances  regulating  highway  traffic  and 
highway  transport  along  lines  in  conflict  with  the  provisions 
of  the  general  state  motor  vehicle  laws,  nevertheless,  there 
are  numerous  important  exceptions  to  this  rule.  Then,  too, 
there  are  matters  such  as  the  regulation  of  motor  vehicle 
operation  in  front  of  schools,  churches,  etc.,  which  are  mat- 
ters of  local  concern  and  are  usually  left  to  the  municipalities 
for  regulation. 

State  Legislatures  Have  Ultimate  Control  of  Highway 
Transport. — By  a  process  of  elimination,  therefore,  we  arrive 


at  Hie  l'aet  thai  under  pre  eni  conditions  ultimate  control 
in  the  matter  of  legislation   governing   highway    traffic   and 

highway    transport    lie e    legislatures   of   our   various 

It   is   to   these  sta  tore,   that   in 

ta  i  analysis  we  must   looh   Ci  md  important  end 

namely,  uniformity  ol  motor  vehicle  laws  ami  uniformity 
of  enforcement. 

Uniform   legislation   dees    not    mean,    necessarily,   that  all 

slates    Bhould    adopt    i and    the       ime    law,    identical    in    all 

their  provisions.  This  might  be  considered  the  ideal  condi- 
tion, hut  from  a  practical  Standpoint,  it    is  not  necessary. 

What  is  needed,  however,  is  uniformity  in  those  sections 
of  the  state  laws  thai  deal  with  definition  of  terms,  trailicieg- 
ulations,  hand  signals,  qualifications  for  drivers,  size  and 
weight  restrictions,  obligatory  equipment  of  a  vehicle,  head- 
light laws,  the  denominations  and  disposition  of  license  fees. 
Let  us  take  a  specific  instance  to  illustrate  this  point: 
From  the  standpoint  of  the  trucking  business,  which  is  to- 
day assuming  very  large  proportions,  no  factor  is  more  im- 
portant than  that  the  various  states  and  their  political  sub- 
divisions should  impose  one  and  the  same  set  of  rules  and 
regulations  governing  the  weight  limits  which  such  trucks 
are  allowed  to  carry.  A  very  encouraging  procedure  in  the 
states  of  Connecticut  and  New  Jersey  restricts  the  load 
upon  a  motor  truck  to  the  manufacturer's  rated  capacity  of 
the  vehicle.  As  the  enforcement  of  this  provision  will 
absolutely  prevent  overloading,  it  gives  the  manufacturers  a 
chance  to  co-operate  with  the  state  highway  engineers  in 
the  design  and  proper  rating  of  vehicles  for  the  protection 
of  the  highways. 

Wide  Variation  in  State  Vehicle  Laws. — The  standard  speci- 
fication of  a  motor  truck  chassis  now  contains  the  allowable 
gross  weight  of  the  chassis,  body  and  load,  and  also  the  actual 
chassis  weight.  It  is  possible  that  these  two  weights  will 
be  the  only  ones  stamped  on  the  truck  caution  plate  by  the 
manufacturer,  and  that  the  actual  weight  of  body  and  the 
resultant  pay  load  capacity  must  be  stamped  on  the  plate 
by  the  owner  of  the  truck  before  he  can  obtain  his  vehicle 
license  plates.  Similarly  in  the  operation  of  passenger  cars 
there  are  virtually  as  many  laws  on  the  subject  of  head 
lamps  and  head  lighting  as  there  are  states  in  the  Union, 
and  no  one  starting  out  on  a  tour  is  able  to  be  sure  that 
perhaps  at  any  momonet  or  at  any  place  he  will  not  be  ar- 
rested and  severely  penalized  for  the  breach  of  some  law 
or  regulation  at  variance  with  the  ones  of  his  own  state 
with  which  he  is  familiar  and  whose  observance  has  become 
a  matter  of  habit. 

This  wide  variation  in  state  vehicle  laws  and  the  unsat- 
isfactory conditions  resulting  therefrom  are  greatly  aggra- 
vated when  there  are  local  ordinances  additional  to  or  at 
variance  with  those  laid  down  in  the  state  laws.  Obviously, 
therefore,  the  economical  operation  of  a  motor  vehicle,  even 
within  the  confines  of  a  state  become  more  or  less  of  a 
gamble. 

The  Remedy. — The  remedy  for  these  unsatisfactory  condi- 
tions lies,  of  course,  in  uniformity  of  state  laws  having  to  do 
with  the  operation  of  motor  vehicles  and  uniformity  in  coun- 
ty or  other  municipal  ordinances.  Furthermore,  the  local 
ordinances  must  in  every  respect  conform  to  the  general 
principles  set  forth  in  the  uniform  state  laws.  Several 
movements  to  accomplish  this  end  have  been  begun,  but  the 
one  which  has  attracted  the  most  support  and  has  gained 
the  greatest  headway  is  that  which  is  now  being  sponsored 
and  furthered  by  the  Motor  Vehicle  Conference  Committee, 
an  organization  composed  of  representatives  from  the  Amer- 
ican Automobile  Association,  Motor  and  Accessory  Manu- 
facturers' Association,  National  Automobile  Chamber  of 
Commerce,  National  Automobile  Dealers'  Association,  Rub- 
ber Association  of  America,  and  the  Trailer  Association  of 
America.  Their  views  on  the  matter  of  uniform  state  legis- 
lation are  set  forth  in  a  so-called  proposed  Uniform  Motor 
Vehicle  Law  and  Proposed  Uniform  Anti-Theft  Law.  To 
be  sure,  these  measures  contain  many  features  to  which 
persons  have  taken  exception,  and  it  is  quite  possible  to 
point  out  sins  of  commission  and  omission  in  their  pro- 
visions. Nevertheless,  their  recommendations  reflect  the 
views  of  able  and  experienced  men  in  matters  having  to  do 
with  highway  traffic  and  highway  transport,  and  it  is  grati- 
fying to  know  that  many  of  the  recommendations  of  these 
two  proposed  laws  are  finding  their  way,  if  not  verbatim, 
at  least  in  principle,  into  many  of  the  laws  of  our  various 
states. 
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More  important,  however,  iluin  this  is  the  tact  thai  the 
h  work  that  has  been  done  In  advo 
the  proposed  unhTorm  vehicle  law  and  proposed  anil 
theft  law  have  brought  home  to  the  public  and  their  law 
makers  the  fact  that  the  time  has  come  when  uniformity 
in  the  regulation  of  highway  traffic  and  highway  transport 
is  absolutely  necessary  for  the  safety  and  convenience  of 
vehicular   and    pedestrian   traffic. 

Sands  for  Sheet  Asphalt  Paving 
Mixtures 

Selection    and     Proportioning    by    Triaxial    Diagram 

Described  in  Paper  Presented  Before 

Good   Roads  Congress 

lly    PRBV08T    HUBBARD, 
Chemical    Engineer,   The    Asphal 

t'ontrol  of  the  character  and  grading  of  sand  used  In  the 
preparation  of  wearing  course  mixtures  is  a  very  important 
factor  in  the  construction  of  sheet  asphalt  pavements.  Ordi- 
narily sand  constitutes  from  70  to  80  per  cent  of  the  weight 
of  such  mixtures  and  under  compression  during  construction 
the  sand  grains  are  crowded  together  so  as  to  form  the 
skeleton  structure  or  frame  work  of  the  wearing  course. 
These  grains  take  most  of  the  wear  of  traffic  and  should 
therefore  be  of  hard  sound  material  such  as  quartz.  They 
should  also  be  clean  and  free  from  coalings  of  any  sort  and 
preferably  rough  surfaced  so  that  the  asphalt  eement  will 
adhere  firmly  to  them.  With  regard  to  the  actual  size  and 
grading  of  the  sand  grains  best  suited  for  such  work  much 
more  has  been  learned  from  experience  than  from  theory. 
Theory  and  practice,  however,  agree  on  the  desirability  of 
using  sand  with  a  relatively  low  percentage  of  voids  when 
the  grains  are  in  intimate  contact.  Experience  has  shown 
that  when  certain  grading  requirements  are  met  the  per- 
centage of  voids  may  be  kept  within  satisfactory  limits  with- 
out sacrificing  other  necessary  characteristics,  such  as  ability 
to  carry  mineral  filler.  Such  requirements  are  therefore 
usually   included   in   specifications. 

Grading  of  Sands  for  Sheet  Asphalt. — The  presence  of  an 
appreciable  amount  of  grains  coarser  than  10  mesh  brings 
the  mixture  into  another  class  of  construction  known  as 
asphaltic  concrete  which  will  not  be  considered  in  this  ar- 
ticle. Sand  grains  passing  the  200  mesh  sieve  are  consid- 
ered undesirable  because  they  tend  to  produce,  a  mushy  mix- 
ture and  limestone  dust  or  Portland  cement  are  preferentially 
used  to  supply  all  of  the  very  fine  mineral  matter  which  is 
necessary  to  fill  the  tiny  voids  in  the  sand  aggregate.  The 
first  requirement  is  therefore  that  the  sand  shall  all  pass  the 
10  mesh  sieve  and  the  second  that  not  more  than  5  per  cent 
shall  pass  the  200  mesh  sieve.  The  first  requirement  can  be 
met  without  difficulty  even  if  the  original  product  has  some 
material  larger  than  10  mesh,  by  passing  it  over  a  revolving 
screen,  with  openings  of  suitable  size,  which  is  located  over 
the  storage  bins  of  the  paving  plant.  If  the  second  require- 
ment is  met  nearly  all  of  the  material  passing  a  200  mesh 
sieve  will  be  blown  out  of  the  sand  during  its  passage  through 
the  drier  so  that  for  all  practical  purposes  the  sand  specified 
may  actually  be  considered  as  all  passing  the  10  mesh  and 
retained  on  the  200  mesh  sieve. 

Having  quite  definite  maximum  and  minimum  limits  for 
the  sand  as  a  whole  it  is  also  most  convenient  in  paving 
work  to  calculate  the  relative  weights  of  the  various  size 
upon  a  percentage  basis  which  will  show  a  total  of 
100  per  cent  passing  the  10  mesh  and  retained  on  the  200 
mesh  sieve.  Eight  standard  sieves  are  used  for  this  purpose. 
:'.0,  40,  50,  80,  100  and  200  mesh,  and  each  percentage 
calculated  represents  a  size  which  passes  one  sieve  but  is 
retained  upon  the  next  smaller  sieve.  There  are  therefore 
seven  such  individual  sizes  the  allowable  percentage  limits 
of  which  are  included  In  paving  specifications.  The  following 
table  shows  the  limits  taken  from  Specifications  of  tin 
Asphalt  Association,  which  are  typical  of  good  practice: 

TOB     -in   :  T     •  -I- 

Per  i 

Individual 

SI/..  «  .     ■ 

20  meiih. .  .  .Tin  15  1 

I  toll 

5  to  25  J  H    to 

■    h                         r,  in  <ol  Intermedlnte 

<0  m«<  I)                                                                    5  to  SO  1  30    t'. 

•    '  ■  20  [  Fine 

I0O    It)'  -  I.  .       tr,     40 


The  Three  Group  Method  of  Grading. — In  this  table  it  is 
ei  ii  that  besides  the  limits  tor  each  individual  size  ti 
grains  are  divided  into  three  main  groups  which  may  be 
designated  as  coarse,  intermediate  and  fine.  The  coarse 
group  consisting  of  10,  l'u  and  30  mesh  particles  all  of  which 
ne  retained  on  the  40  mesh  Bieve,  Is  allowed  to  vary  between 
it  and  :>u  per  cent.  Taking  an  average  of  32  per  cent  an 
ipproach  toward  the  minimum  limit  is  desirable  for  heavy 
traffic  which  tends  to  crush  the  large  grains  more  readily 
than  the  fine.  For  relatively  lig  d  traffic,  however,  a  higher 
■  tage  of  coarse  grains  is  not  only  permlssable  but  will 
produce  a  mixture  less  likely  to  crack  by  contraction  owing 
to  the  thicker  films  of  asphalt  cement  which  it  carries.  Under 
heavy  traffic  any  tenaenc]  to  crack  is  largely  overcome  by 
the  kneading  action  of  the  traffic  itself. 

The  fine  group,  consisting  of  sO  and  100  mesh  particles 
which  are  retained  on  the  200  mesh  sieve,  serves  to  fill  the 
large  voids  in  the  combination  of  coarse  and  intermediate 
groups  and  enables  the  mixture  to  hold,  evenly  dispersed, 
the  mineral  filler  which  is  Deeded  to  fill  the  very  small  voids 
and  give  stability  to  the  pavement     When  the  para 

rse  group  is  relatively  high  the  percentage  of  fine  may- 
he  relatively  low  and  vice  versa. 

The  intermediate  group,  consisting  of  40  and  50  mesh  par- 
ticles which  are  retained  on  the  80  mesh  sieve  appears  to 
serve  somewhat  as  a  plvol  for  the  coarse  and  fine  groups, 
•rage  of  about  4"i  per  cent  will  serve  equally  well  for 
use  in  light  and  heavy  traffic  mixes.  In  the  former,  how- 
ever, the  sand  may  can-.  high  as  60  per  cent  and  the 
latter  as  low  as  30  per  cent  of  the  intermediate  group. 

When  the  fact  that  a  certain  amount  of  each  individual 
size  is  specified  it  la  si  the  percentage  limits  for  each 

size  are  quite  broad.  As  a  matter  of  fact  if  in  each  group 
the  individual  sizes  are  about  equally  proportioned  a  very 
satisfactory    grading    re  The    group    percentages    are 

therefore  the  most  Important  and  are  first  considered  when 
selecting  sand  for  sheet  asphalt  construction. 

The  use  of  local  sand  for  paving  work  is  desirable  not  only 
from  the  standpoint  of  convenience  but  as  a  matter  of 
economy.  As  has  been  stated  sand  constitutes  from  70  to  80 
per  cent  by  weight  of  the  paving  mixture  and  a  high  freight 
rate  on  this  constituent  greatly  affects  the  cost  of  the  finished 
pavement.  It  frequently  happens,  however,  that  no  single 
local  sand  can  be  found  which  meets  specification  require- 
■  ments  and  when  this  happens  it  may  become  necessary  to 
mix  or  combine  two  or  more  available  sands  of  known  mesh 
composition  in  order  to  produce  an  acceptable  product.  In 
such  case  it  becomes  ne.  iscertain  in  what  propor- 

tions the  sands  should  be  used  to  give  the  desired  grading. 
This  is  ordinarily  done  by  a  tryout  method  or  by  a  lengthy 
but  simple  mathematical  cab  ulation.  The  fact  that  there 
are  three 'main  groups  to  be  considered  and  that  the  sum  of 
these  groups  equals  100  per  cent  makes  it  possible  to  utilize 
the  triaxial  diagram  for  quickly  and  accurately  ascertaining 
the  most  suitable  proportions,  although  to  the  best  of  the 
writer's  knowledge  the  diagram  has  not  heretofore  been  used 
for  this  purpose. 

The  Triaxial  Diagram.-  Fur  those  who  are  not  familiar 
with  the  triaxial  diagram  it  may  be  said  that  it  consists 
essentially  of  an  isoscles  triangle  in  which,  as  is  well  known, 
the  perpendicular  distance  from  each  base  to  its  opposite 
apex  is  equal.  These  perpendicular  distances  may  therefore 
serve  to  represent  100  per  cent  of  anything  that  the  base 
lines  stand  for.  The  perpendicular  distances  may  he  divided 
in  any  convenient  way  such  as  hundredths  and  if  lines  are 
drawn  through  such  divisions  parallel  to  the  base  lines  the 
large  triangle  is  divided  Into  i  large  number  of  small  isoscles 
triangles  as  shown  in  the  accompanying  illustrations.  It  is 
•  simple  geometrical  proposition  to  prove  that  for  any  point 
within  the  area  of  an  taoscles  triangle,  the  sum  of  the  per- 
pendiculai  distances  to  each  Ide  I  equal  to  the  perpen- 
dicular distance  from  any  Bide  to  Its  opposite  apex.  If  the 
distance  from  base  to  ap'  ■-  loo  per  cent  it  is  evi- 

thal  the  sum  of  the  perpendicular  distances  from  a  point 
within  the  triangle  to  enc  also  equal  100  per  cent. 

When    there   are   only    three    con   ntuents   of  a   substance    it 
posslbli   to  plot  the  percentage  composition 

DStltueni    t>\    meant   of  a   properly   located   point 

«  [thin   the  triangle. 

Ill     I'lC       1      each     Ride    Of     tile     1.!     gl       tri.iliele        e,ves     as     a     DaBO 

line  for  one  of  the  three  groups  Of  -and  grains  previously  dis- 
The  distance  between  each  side  and  its  opposite 
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apex  is  divided  inio  50  equal  spaces  by  line  parallel  to  the 
base  line  and  the  distance  between  each  line  and  its  neighbor 
therefore  represents  2  per  cent.  Within  the  area  of  the 
triangle  the  two  dots  surrounded  by  circles  represent  the 
composition  ot  ideal  Bands  for  light  and  .  ■.    traffic  which 

conform  to  the  following  grading  in  so  far  as  the  three  group 
sizes  are  concerned: 

Light  Traffic   Heavy  Traffic 
Passing  Ptr  C  Pei  <>nt. 

esh    

i".    50        mesh    ...  43 

80,   1""  mesh     34 

The  dotted  lines  connecting  the  light  traffic  sand  with  the 
three  sides  of  the  triangle  illustrate  how  the  position  of  the 
sand  has  been  located  to  show  the  percentage  composition 
given  above. 

Figure    2   is  exactly   the   same    as    Fig.    1    except    that   the 


will  prove  satisfactory.  It  is  therefore  possible  to  so  pro- 
portion the  sands  as  to  obtain  a  grading  at  any  point  on 
the  connecting  line  within  the  specification  area.  If,  for 
example,  it  is  desired  to  produce  a  grading  as  close  as  pos- 
sible tc>  the  ideal  heavy  traffic  sand  the  location  of  such 
grading  would  be  indicated  on  the  diagram  at  point  "C,"  the 
actual  grading  of  this  combination   being  as  follows: 

i'  . .  23  pi 

8    40,      50  mesh.  i:,  ,. 

Passing   SO.    100  mesh 

"Too 

The  proportions  required  to  produce  this  grading  are,  more- 
over, directly  indicated  by  the   relative  distance  of  point  <■ 
to  points  a  and  b.    Thus  if  the  distance  from  c  to 
the  distance  from  c  to  b  then  two  parts  of  sand  b  to  one  part 
Ol  -and  a  will  give  the  grading  shown  by  point  <■      The  exact 


*/ 


Paskng  10.  20.  JO  Mesh 
Fig. 


Passing  10.  20.  30  Mesh 
Fig.  2. 


&s 


Fig.   3. 


dotted  lines  have  been  left  out  and  a  shaded  area  inserted 
to  represent  the  percentage  limitations  for  the  three  groups 
as  covered  by  the  specification  requirements  given  in  the 
first  table.  It  is  at  once  evident  that  any  sand  which  con- 
forms with  the  specification  limits  will  fall  within  this  shaded 
area  if  its  percentage  composition  is  plotted.  On  the  other 
hand  if  the  sand  lies  outside  of  the  shaded  area  it  does  not 
conform  with  the  specifications  and  should  only  be  used  in 
combination  with  some  other  sand. 

Problem  I — Use  of  the  Triaxial  Diagram  in  Proportioning 
Two  Sands. — Suppose  two  sands,  a  and  b  are  available  neither 
of  which  meet  specification  requirements  and  it  is  desired 
to  ascertain  if  these  sands  may  be  combined  so  as  to  con- 
form with  specifications  and  if  so  the  most  suitable  propor- 
tions in  which  they  should  be  combined.  For  the  >ake  of 
If  these  two  sands  are  plotted  on  the  diagram  it  is  found 
that  their  locations  as  shown  by  points  a  and  b  respectively 


• 


Fig.  4.  Fig.   5. 

illustration  it  may   be   assumed   that   these   sands   show   the 
following  grading: 

Per  Cent. 
Group  a  b 

Passing  10.     20,  30  mesh     60  S 

Passing  40.     50         mesh     M 

Passing  SO,  100  mesh     9  41 

....ino  Too 
If  these  two  sands  are  plotted  on  the  diagram  it  is  found 
that  their  location  as  shown  by  points  a  and  b  respectively 
in  Fig.  3  lie  outside  of  the  specification  area.  The  grading 
of  all  possible  combinations  of  these  two  sands  is  then  illus- 
trated by  means  of  a  straight  line  drawn  between  these  two 
points.  If  their  locations  had  been  such  that  the  connecting 
line  did  not  cut  the  specification  area  it  would  have  been  im- 
possible to  combine  them  in  any  proportions  so  as  to  meet 
specification  requirements.  In  the  example  given,  however, 
it  is  seen  that  the  connecting  line  passes  through  the  speci- 
fication area  and  that  a  rather  wide  range  of  combinations 


proportions  may  be  quickly  and  convenient!}  ascertained  by 
first  drawing  parallel  lines  through  the  points  a,  b  and  c. 
In  doing  this  any  convenient  base  line  of  the  diagram  may 
be  used  as  a  guide.  In  Fig.  3  the  10,  20,  30  mesh  base  line 
has  been  used  for  this  purpose  but  either  of  the  other  base 
lines  would  have  served  equally  as  well  although  it  is  de- 
sirable to  have  the  parallel  lines  as  far  apart  as  practicable. 
As  the  lines  which  were  drawn  are  parallel  it  follows  that 
the  relative  distances  between  them  are  exactly  the  same 
as  the  relative  distances  between  points  a,  b  and  c  through 
which  they  pass.  These  lines  may  therefore  be  used  equally 
well   to  determine  exact  proportions. 

If  we  now  forget  the  diagram  itself  it  will  be  found  that  four 
lines  have  been  plotted  as  shown  in  Fig.  4.  By  means  of  a 
special  proportional  parts  measure  also  shown  In  the  figure 
it  becomes  possible  to  read  off  at  once  the  exact  proportions 
in   whicli  sands  a  and  b   should   be  combined  to  produce  the 


* 


,       , 


Fig.  6. 


Fig.  7. 


grading  represented  by  c.  It  will  be  noted  that  the  two  end 
divisions  on  this  measure  are  lettered  A  and  B  respectively. 
In  using  the  measure  division  A  should  first  be  placed  at 
any  suitable  place  on  the  solid  line  passing  through  point  a 
and  then  rotated  until  division  B  rests  on  the  solid  line 
passing  through  point  b.  It  is  seen  that  the  solid  line  pass- 
ing through  point  c  intersects  the  measure  at  a  division  which 
shows  the  proportional  parts  in  columns  A  and  B  to  be  7 
and  17  respectively.  In  other  words  7  parts  of  sand  a  and 
17  parts  of  sand  b  will  give  the  grading  of  the  combination 
represented  by  point  c. 

Problem  II — Use  of  the  Triaxial  Diagram  in  Proportioning 
Three  Sands. — If  the  use  of  the  triaxial  diagram  for  propor- 
tioning two  sands  is  thoroughly  understood  its  use  in  pro- 
portioning three  sands  becomes  a  very  simple  matter.  In 
the  following  example  it  will  therefore  be  assumed  that  the 
reader  has  mastered  Problem  I: 

Suppose  three  sands,  a,  b  and  b'  are  available  no  two  of 
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which  can  be  combined  to  meet  specification  requirements, 
and  It  is  desired  to  ascertain  if  the  three  -amis  maj  be  com- 

"nii  wiih  specifications  and  II  so  tbi 
suitable  proportions   to  illustration   it   may   bo 

amis  show  the  following  grading: 

i —  > 

>■• 
ix 

B 
100         meal  '•* 

..100  100 

The  location  of  these  three  sands  in  the  triaxial  diagram 
is  shown  at  points  a.  b  and  b'  in  Fig  I  D  that  none 

of  tht  I  iirougb  the  speci- 

fication area  so  that  no  two  sands  ran  be  combined  so  as  to 
meet  the  specifications.     By  comblnli  and  b,  how- 

ever, any  grading  may  b  id   if  all  such 

ol  a  and  b  are  considered  II  is  further  seen 
that   sand   b'   may   be  combined  with  BUCfa   mixtures   so  as  to 


the  parts  of  a'  and  multiplying   the  parts  of  b'   by   the  sum 
of  the  parts  of  a  and  b,  us  follows: 
i  'arts 


Total       8 


a'  =  2 


1  i 

■  ■:  =  2 
/  I.    i  \  2  =  4 


I. UP! 


Methods  for   Deter 


Passing    10.  20.  3C 

lining    Proportions  of   Sands  for   Sheet   Asphalt. 


The  above  diagram  may  be  used   to  work  out  actual  sand  pro- 
portioning prr.lilf-ms.      The    sand    gradings    and    the   ruling   of    aei 
best   be    plotted     and     drawn      upon     a    trans- 
i    over   the   diagram.      This    makes    it    l 
the    same    diagram    for    the    solution    r,f    any    number    of 
problems. 

produce  all  gradings  falling  within  triangle  abb'.  As  the 
specification  area  falls  within  this  triangle  it  is  therefore 
possible  to  combine  the  three  sands  so  as  to  obtain  any  de- 
sired grading  within  the  specification  area. 

Now  suppose  it  is  desired  to  obtain  the  ideal  heavy  traffic 
grading  In  the  specification  area  we  may  draw  a  line  from 
point  b"  through  the  ideal  heavy  traffic  grading  and  continue 
It  until  It  intersects  line  ab.  The  point  of  intersection  may 
be  lettered  c.  The  determination  of  the  proportions  of  sands 
a  and  b  to  produce  c  may  be  readily  determined  as  described 
under  Problem  I  and  if  this  mixture  Is  then  considered  as  a 
single  product  the  proportions  of  this  mixture  with  Band  b' 
which  will  give  the  ideal  heavy  traffic  mixture  may  he  de- 
termlned    in    B    similar   manner 

the   prelimin  iry   to 

I    lines 

through  points  a,  b  and  c  and     econd   set  ol   | 

through  c,  b  Fig.  7  shows 

ih   the  diagram  eliminated   the  lines 
being  I  i.  (b'J  and  •  ■  "  •      Now  suppose 

the  pn 

of  b  w  in  pi  i  duct    i      Furthi  mnd  by 

tills   mixture   now   called 

sand  trading 

proportloi  a,  b  and  b' 

would  d  b  by 


b'  3  x  1  =  8 
Total  0 

The  Proportional  Parts  Measure. — For  use  with  the  triaxlal 
diagram  a  proportional  p  i   be  devised  with 

an]  convenlenl  scale  ol  divl  Ion  Foi  most  purposes  the 
a  scale  showing  all  common  proportion  nol  exceeding  a  total 
of  12  parts  to  the  1 1 1 1 M  1 1 r. ■  will  bl  itisfactory.  For  the  sake 
of  convenience  w  Inn  actual]}  mixing-  sands  it  is  desirable  to 
have  as  few  total  parts  as  poi  Bible  and  it  will  often  be  found 
that  without  creating  much  change  b  .hk  of  a  mix- 

ture one  set  of  proportions  may  be  as  good  as  another.  In 
such  cases  the  Bimplesl  pn  lould  be  selected.    Thus 

in  Kip.  4  while  the  exact  proportions  of  sands  a  and  b  are 
shown  as  7  to  17  respectivel)  it  i-  seen  that 
the  more  simple  proportions  ol  i  to  2  or  l  to 
;;  are  milt    cl(    e      R  Pig    3   will 

further  Bhofl  thai  either  of  these  simple  pro- 
portions i  in'  to  the  di 
grading  ti  Bd  as  a  matter  of  conveni- 
enci 
it  should  always  be  remembered  that  the 
mi  takes  into  account  only  the 
iips  and  that  the  intermediate 
gradings  are  also  covered  in  specifications. 
After  it  has  been  ised  therefore  the  individual 
gradings  should  be  calculated  on  the  basis  of 
the  proportions  which  have  been  indicated  in 
order  to  ascertain  if  such  proportions  will  be 
entirely  i  If  not  a  slight  change  in 
indicated  proportions  will  often  be  found  to 
bring  the  mixture  within  specification  limits  in 
all  respects.  Of  course,  if  any  individual  size 
is  missing  in  all  of  the  sands  the  specifica- 
tions cannot  be  met,  but  this  would  be  a  rare 
exception  and  in  most  cases  the  proportions 
determined  from  the  group  gradings  alone  will 
be  found  satisfactory. 

Field  and  Plant  Use  of  the  Triaxial  Diagram. 
A  triaxial  diagram  with  a  transparent  cover 
of  celluloid  or  tracing  cloth  which  may  be  car- 
ried in  an  ordinary  coat  pocket  will  often 
prove  a  considerable  time  and  labor  saving 
device  for  the  contractor,  inspector  and  engi- 
neer both  when  prospecting  for  available 
sands  and  in  sitting  proportion  for  use  at  the 
paving  plant.  The  transparent  cover  may  be  used  for  plot- 
ting the  sand  gradings  and  drawing  the  lines  for  use  with 
the  proportional  parts  measure,  and  when  one  set  of  determi- 
nations has  been  made  all  marks  may  be  erased  and  the 
cover  used  over  and  over  again. 

If  when  prospecting  for  sands  a  portable  field  outfit  con- 
sisting of  a  small  spring  balance  and  set  of  four  sieves 
(10,  40,  80  and  200  mesh)  is  used,  the  triaxial  diagram  will 
quickly  show  when  suitable  products  have  been  located.  To 
those  who  have  not  been  familiar  with  the  triaxial  diagram, 
methods  here  described  may  at  first  seem  somewhat  compli- 
cated but  with  very  little  »ill  oon  be  found  that 
its  use  is  a  very  simple  matter  and  much  less  tedious  and 
complicated  than  an\    method  of  mathematical  computation. 


New  Jersey  State  Highway  Convention. — Plans  have 
practically  been  completed  for  the  Second  Annual  State  High- 
way Convention  to  lie  held  Feb.  15  to  Feb.  18,  inclusive. 
The  convention  sessions  will  be  held  In  tb<    assembly  room 

new    StaeyTr.nl     Hotel,    al     West    State    ami     Willow- 
streets,   Trenton,   N.   J.  hotel    may    be 
through  the  chalrm                   Arrangements  committee, 
\    Lee  Orover,  P,  0.  Box  27,  Trenton,  x.  J.    The  convention 
in  win  begin  at  10  a    n     and  2  p.  m.    Instructive  and 

ii ted,  and  active  discussions 

beld   on  all   phases  of  road    i  Moving   pictures 

of   actual   road   conditions   will    be   Bhown   at    the   end   of  the 
days'  sessions.    A  cordial  Invitation  Is  extended  to  all  county 
ami  municipal  officers,  contrai  tors,  materialmen,  equipment 
ittend  all  sessions  of  the  r..n 
.  - 


,  ,1   Contracting  for  /•'<  bruary   l,    1922. 
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CostKeepingonHighway  Construction 

Advantages  and  General   Principles  Described  in 

Paper    Presented   Jan.    20,    Before 

Good  Roads  Congress 

By  A.  R.  LO 
.,i  Chief  of  Construction,  U.  S 
Prom  an  extensive  Investigation  made  about  six  years 
ago  by  the  D.  S.  Bureau  of  Public  Road  il  was  found  that 
generally  very  little  cost  keeping  was  done  by  state  and 
county  highway  departments  on  highway  work.  Where 
practical  and  efficient  cost  keeping  existed  it  was  usually 
found  to  be  on  work  done  by  the  state  highway  departments. 
There  was  at  that  time  very  little  interest  man  Eested  bj 
public  officials  in  cost  keeping  on  highway  wo 
lar  condition  with  respect  to  cost  keeping  existed  to  a  large 
extent  among  road  contractors.  At  this  time  there  had 
been  a  long  period  of  almost  uniform  conditions  with  re- 
apect  to  labor,  materials,  types  of  construction,  and  processes, 
successful  contractor  had  grown  up  in  the  business  and 
had  rules  and  methods  of  his  own  for  estimating,  which 
were  based  on  years  of  experience,  and  he  did  not  feel  the 
need  of  cost  statistics.  The  greater  portion  of  I 
work  of  the  time  was  done  by  the  type  of  contractor  referred 
to  as  having  his  hat  for  his  office  and  his  check  book  for  his 
cost  record  of  the  job.  The  more  substantial  contracting  or- 
ganizations and  especially  those  which  did  not  confine  their 
operations  to  road  work  exclusively,  carried  cost  keeping 
records  on  their  road  work.  As  a  rule  highway  engineers 
attempted  to  obtain  the  costs  on  contract  work,  but  generally 
did  not  give  sufficient  attention  to  the  details  of  cost  keep- 
ing to  obtain  complete  and  reliable  data. 

Greatly  Increased  Interest  in  Cost  Keeping.— It  has  devel- 
oped from  a  recent  preliminary  study  of  highway  cost  keep- 
ing conditions  that  there  has  been  a  substantial  improve- 
ment since  the  investigations  previously  referred  to  were 
made.  Of  recent  years,  due  to  a  scarcity  of  contractors  in 
the  highway  field,  it  has  been  necessary  for  states  and  coun- 
ties to  do  a  large  amount  of  highway  work  with  day  labor 
forces  and  the  value  of  cost  keeping  as  a  check  on  expendi- 
tures and  as  a  guide  to  efficient  management  has  led  to  the 
installation  of  cost  keeping  of  some  kind  on  this  work.  In 
addition  to  serving  these  ends  much  valuable  cost  data  have 
been  accumulated  which  form  an  important  part  of  the  fiscal 
records  of  the  work  and  have  also  been  used  advantageously 
in  placing  other  work  under  contract.  The  advantages  of 
keeping  cost  on  day  labor  work  are  generally  recognized, 
but  there  are  divergent  views  with  respect  to  keeping  costs 
on  contract  work.  As  a  result  it  will  be  found  that  with  one 
state  highway  department  cost  keeping  on  contract  work 
is  incidental  to  the  inspection  and  the  resident  engineer  or 
inspector  is  to  considerable  extent  left  to  his  own  devices 
in  this  regard,  while  with  another  state  highway  department 
the  cost  keeping  is  one  of  the  important  functions  of  the 
residency   and   not  considered  a  sideline   by   any  means. 

When  the  cost  on  contract  work  is  considered  advantage- 
ously the  method  followed  is  either  to  select  the  jobs  which 
will  supply  the  information  desired  or  to  cover  the  entire 
program  and  keep  costs  on  all  contracts.  In  either  case  there 
should  be  sufficient  force  available  to  handle  the  inspection 
and  cost  keeping  properly.  It  will  be  difficult  if  not  impos- 
sible to  secure  satisfactory  results  unless  the  inspectors  or 
cost  keepers  receive  specific  instructions  as  to  what  they  are 
to  do,  are  supplied  with  standard  recording  and  report  forms, 
and  their  cost  keeping  supervised  as  well  as  their  inspection 
work.  It  is  not  meant  to  inter  that  cost  keeping  is  of  the 
same  importance  as  the  inspection  of  the  construction,  but 
that  if  cost  keeping  is  to  be  carried  on  at  all  it  should  have 
more  than  casual  attention  from  the  administrative  au- 
thorities. 

Advantages  of  Cost  Keeping  on  Contract  Work. — The  ad- 
vantages resulting  from  keeping  costs  on  contract  work  are 
usually  given  as  follows: 

1.  Valuable  cost  data  are  secured  which  may  be  used  for 
estimating  purposes. 

2.  The  department  has  available  necessary  cost  data  for 
making  settlement  with  contractor  where  unforeseen  condi- 
tions are  involved. 

3.  Engineers  and  inspectors  receive  training  in  use  of  cost 
data-and  making  up   of  estimates. 


I.   Provides  a  means  fur  analyzing  cost  of  work  which  may 

lead  i"  development  of  more  economical  designs  and  thods. 

a.  In  some  cases  of  assistance  to  the  contractor  who  may 
not   have  an  adequate  cost  syst.  m. 

The  Bureau  of  Public  Roads  has  abandoned  the  practice 
of  keeping  costs  on  all  of  its  contract  jobs,  but  is  instead 
keeping  costs  on  all  day  work  ami  en  such  contracts  where 
it  is  thought  the  data  will  be  advantageous  to  the  bureau. 
It  will  prove  advantageous  to  a  state  highway  department 
to  collect  cost  data  on  a  number  of  representative  contracts 
ea<  h  year  as  a  general  check  on  the  cost  of  its  designs  and 
also  to  determine  the  margin  of  profit  contractors  are  get- 
ting. 

Practically  All  Contractors  Now  Keeping  Costs.— The  in- 
creasing use  of  cost  keeping  by  contractors  is  even  more 
pronounced  than  in  the  case  of  the  state  and  county  organ- 
izations. This  is  due  principally  to  the  unsettled  conditions 
during  the  past  three  years  which  have  made  estimating 
more  difficult  and  rendered  as  practically  useless  many  cost 
data  and  hypothetical  rules  used  a  few  years  ago.  New 
construction  methods,  and  especially  those  processes  re- 
quiring a  more  extensive  use  of  equipment,  have  also  in- 
creased the  need  of  cost  keeping.  Possibly  the  increasing 
number  of  engineers  in  the  contracting  field  has  had  some 
effect  in  turning  contractors  to  cost  keeping.  It  will  be 
found  that  highway  contractors  are  now  working  individ- 
ually and  through  their  organizations  for  more  systematic 
and  businesslike  methods  in  estimating  work  and  in  the 
keeping  of  construction  costs.  While  no  uniform  method  for 
keeping  highway  costs  has  as  yet  been  suggested  by  con- 
tractors' organizations,  practically  all  contractors  are  now 
keeping  costs  on  their  work.  Some  of  the  systems  used  are 
almost  of  the  check  book  class  in  simplicity,  but  they  vary 
from  this  to  a  codified  system  of  accounts  divided  and  sub- 
divided to  collect  cost  of  labor,  materials,  equipment  and 
supervision  on  various  operations.  It  appears  that  the  pres- 
ent tendency  is  for  highway  contractors  to  develop  cost 
keeping  systems  comparable  with  those  in  use  by  the  build- 
ing industry. 

The  Uses  of  Cost  Data. — The  primary  purpose  of  cost  keep- 
ing is  to  ascertain  the  actual  cost  of  production.  Not  what 
the  cost  should  be  but  what  it  is.  For  a  contractor's  use  the 
cost  system  should  furnish  reliable  data  on  current  costs. 
In  this  way  a  periodic  check  on  the  cost  of  the  work,  which  is 
an  indication  of  the  efficiency  of  the  organization,  is  avail- 
able as  a  managerial  aid  to  the  contractor  or  his  superin- 
tendent. This  function  of  a  cost  system  is  of  especial  value 
on  highway  work  where  there  are  usually  a  number  of  op- 
erations under  way  simultaneously  on  different  parts  of  the 
job  and  in  consequence  all  of  the  workmen  are  not  contin- 
uously under  the  observation  of  the  superintendent.  Next 
in  the  importance  to  the  contractor  is  the  value  of  cost  data 
as  a  guide  for  estimating  future  work.  The  increasing  com- 
plexity of  highway  construction  is  making  cost  keeping  of 
more  importance.  The  large  sums  of  money  now  involved 
in  road  contracts  mean  more  items  of  work,  new  processes, 
and  additional  operations  over  former  requirements.  To 
estimate  the  cost  involved  without  comparable  cost  data  is 
becoming  too  costly  a  hazard.  It  is  not  enough  to  know  that 
there  was  a  net  profit  on  the  job.  But  in  order  to  use  the 
data  for  estimating  purposes  it  must  be  Snown  by  items 
and  operations  the  actual  cost  of  productibn. 

In  the  construction  industry  it  is  not  practicable  to  deter- 
mine unit  costs  with  the  provision  and  refinement  that  ob- 
tains in  the  manufacturing  industry.  This  is  due  to  the 
variable  nature  of  the  construction  produce  and  the  fre- 
quent change  of  conditions.  Also,  since  conditions  are  not 
identical  on  any  two  jobs  cost  data  from  one  is  only  an  ap- 
proximate comparison  for  another.  For  these  reasons  cost 
data  must  be  used  as  a  guide  or  measure  in  forecasting  future 
costs.  Cost  data  on  new  or  unusual  methods  of  construc- 
tion and  on  the  use  of  various  plant  units  are  of  particular 
value  as  similar  conditions  are  likely  to  be  encountered  in 
the  future  and  a  basis  for  cost  estimates  is  available. 

The  Principal  Cost  Elements. — It  is  believed  that  the 
proper  basis  for  a  cost  system  is  the  four  principal  elements 
of  cost  allocated   to  the   units   of   production. 

(a)  Labor  Costs. 

(b)  Material  Costs. 

(c)  Equipment  Costs. 

(d)  Administration  Costs  or  General  Expenses. 

The  products  of  highway  construction  to  which  these  cost 
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Distribution  of  Equipment  Costs.     In  placing  the  cost  items 
;   the  appropriate  construction  items  the  greatest  diffi- 

•    in  connection  with  equipment  cosl 
nistration  costs."     li    Is   the  experience  of  the  Bureau 
ilic  Roads  on  its  own  work  that  thi  given 

ttentloo   in   the  preparation   of  estimates   .mil    in    the 
Ol    cost    to    construction    items    than    the    more 
|{  Unite   Items  Ol    "labor"   and   "materials." 
The  handling  of  equipment  costs  has  been  greatly  simpli 
fled  by   the  use  of  a  rental   factor  computed  to  cover  fixed 
charges,    depreciation,    overhauling,    lost    time,    storage,    and 
-ion       In    the   cast  n    plant   the   Bureau    of 

Public  Roads  has  prepared  rental  schedules  for  all  units  of 
equipment  having  a  useful  life  of  more  than  one  working 
season  and  costing  more  than  $2~>.  Small  tools  and  those 
which  an-  usually  worn  out  on  one  job  are  handled  the  same 
•■rials.  This  plan  has  been  in  operation  three  years 
and  except  for  a  change  from  a  monthly  to  a  daily  basis  it  is 
practically  the  same  as  originally  developed.  It  lias  proven 
satisfactory  on  both  day  labor  and  contract  work  of  the 
Bureau.  A  rental  factor  of  this  kind  is  necessary  where 
currerr  determined   for    purposes   of  management. 

If  greater  a<  <  . rposes  and  annual 

sal  of  the  equipment  may  be  made  and  the  deprecia- 
tion, repair,  storage  and  other  chart's  pro  rated  to  the 
projects  which  have  used  the  equipment 

Suggestions  for  Handling  General   Expense  Items. — As  gen- 
eral expense  is   not  usually  assignable   directly   to  units  of 
action  and  many  of  the  expenditures  do  not  come  to 
ttentlon  of  the  cost  keep.  |ob  there  is  a  ten- 

•  rlook  this  element  until  the  project  nears  com- 
,  at  which  time  the  cost  is  pro  rated  to  the  work  com- 
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:  the  project  completed  For  example,  ii  the  project 
is  only  10  per  cent  complete  pro  rate  to  completed  work  not 
more  than  10  per  COUl  "I  the  Otal  probable  general  ex- 
pense (in  projects  where  tl  moving  in."  "camp 
iii-tali                       ..inmng."   and   "disorganizing,"   is   ol    .1    con 

ale  amount  the  unll  cor    ructio      osi     a  i    U  ible  I 

materially    affected   if  tins   emu,     cosl    la   distributed    before 
orh  is  well  under  waj 

Fundamental  Principles  for  Cost  Keeping  System*.— A  008) 

1  .1  nn  certain 
fundamental  principles.  First  of  all  it  must  be  designed  t" 
furnish  the  particular  information  sought  Tins  feature  can 
not.  be  too  strongly  emphasized  |  lently  much  more 

nine   is  spent   in   pi  ,  codes,  and 

procedure  than  is  given  to  '•'■  "rking  out  a  system  for  getting 
at  the  cost  of  doing  work.  The  system  devised  must  bi  re 
liable  and  accurate  to  a  practical  extent  Insofar  as  field 
procedure  is  concerned  Simplicity  is  a  very  important  con- 
sideration  and  it  should  be  such  that  the  required  data  can 
be  Bucce  ifullj  compiled  by  foreman  and  timekeepers.  The 
enesa  of  the  system  will  depend  to  a  great  extent 
celerity  with  which  the  unit  costs  ma]  be  ascertained. 
Unless  the  cost  of  doing  the  work  can  be  determined  easily 
and  promptly  its  value  as  an  aid  to  efficient  management  is 
lost.      Some    consldi  nld    he   given    to    making    the 

cost  system  adaptable  to  the  general  work  of  the  organi- 
zation and  not  design  it  1  ntirely  for  an  individual  job  or  set 
of  conditions.  It  requires  time  and  considerable  patience 
io  get  a  system  in  workine  order  and  frequent  changes  in 
forms  and  instructions  should  be  avoided  as  they  are  gen- 
erally disconcerting  to  the  men  in  charge  of  construction 
work. 

It.  must  be  understood  that  cost  keeping  lies  in  the  general 
bookkeeping  scheme  of  the  organization  and  is  not  to  be 
operated  independent  of  the  regular  accounting.  While  the 
cost-keeper  and  bookkeeper  make  different  use  of  the  in- 
formation, the  basic  data  used  should  be  the  same.  One  of 
the  reasons  cost  keeping  has  not  received  more  encourage- 
ment in  the  past  from  engineers  and  contractors  has  been 
the  question  of  its  cost.  A  ->stem  laid  out  along  the  lines 
indicated  and  designed  to  give  the  information  needed  tor 
the  proper  supervision  or  administration  of  the  work  of  an 
organization  need  not  be  expensive  considering  the  volume 
of  business  it  handles.  It  is  when  a  system  is  developed  be- 
yond the  requirements  of  the  organization  that  cost  becomes 
an  important  consideration. 

A  review  of  the  present  stains  of  cost  keeping  on  highway 
work  indicates  that  it  is  still  very  much  in  a  formative  stage. 
There  are  some  excellent  systems  in  operation  in  many  of 
the  state  highway  departments  and  among  the  larger  con- 
tracting organizations,  but  on  the  larger  part  of  the  extensive 
highway  program  cost  keeping  aa  practiced  leaves  much  to 
be  desired.  A  great  step  forward  would  be  accomplished  by 
a  general  classification  of  cost  keeping  terms.  Many  of  these 
as  not  used  are  subject  to  several  interpretations.  Eng:i 
and  accountants  could  materially  improve  the  situation  by 
reaching  a  common  understanding  in  this  regard. 

\  an  indication  of  the  present  interest  in  highway  cost 
keeping  it  is  interesting  to  note  that  since  the  publication 
by  the  Bureau  of  Public  Road-  of  its  cost  keeping  bulletin 
more  than  5.000  copies  have  1 □  distributed. 

Seventeen  Years  of  State  Highway  Construction  in  Penn- 
sylvania. During  the  last  IT  years  the  Stale  Highway  De- 
partment ol  Pennsylvania  !  put  under  contract  2.776.96 
miles  of  roadway.  During  the  years  1919.  1920  and  1921, 
the  department  completed  I  140  miles  of  durable  highway, 
and  in  addition  entireh    i  i  807   miles   of  macadam 

i  e  department  began  to  1914. 

In   the  yeara   beginning   With    1914   and   ending   with   l'.'-l    the 
Highway   Department    >  100  miles  of  mac 

ni.im  roadway.    The  types  of  roadwaj  comprising  the  2,776.96 
onti  acted   tor   bj    the  department  re  as 

follows: 

Hit  umln. his  macadam 

1641  n 

I'T.T.tii; 
1.291.71 

ng  and  drainage  onl>  it  m 

L28 
Total  >  1 
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Construction   Features   of   Oklahoma 
Federal  Aid  Project 

One  of  the  most  important  Federal  Aid  projects  under- 
taken last  year  in  Oklahoma  comprised  the  paving  of  13 
miles  of  the  Ozark  trail  to  the  east  of  Oklahoma  City.  The 
work  was  divided  into  three  sections.  Allen  ,v  Harrison  having 
the  largest  contract,  amounting  to  7  miles.  These  contrac- 
tors put  down  an  average  of  50ii  ft.  of  20  it.  road  per  8-hom 
working  day.     Their  beet  day's  run  was  628  :•      Their  methods 


material.  The  sand,  crushed  rock  and  cement  are  delivered 
in  nam  loads  daily  to  the  contractor's  switch. 

The  cement  is  trucked  to  the  cement  house,  which  has  a 
capacity  of  15,000  bbl.,  and  discharged  directly  into  cement 
hoppers.  These  hoppers  are  drawn  in  near  the  loading  plat- 
form and  pushed  out  over  the  batchboxes  when  the  trucks 
are  in  place.  When  the  cement  hopper  is  pushed  out  over 
the  batchboxes  the  bottom  slide  is  pulled  out  of  the  hopper, 
and  the  amount  of  cement  dropped  directly  out  of  the  cement 
compartment  of  the  box. 

To  haul  materials  to  the  job  four  2%    ton   trucks   with    12 


General   View  of  Allen  &   Harrison's  Pa 

of  handling  thus   work  afford   an  excellent  example  of  up-to- 
date  road   building. 

The  central  proportioning  plant  is  located  on  the  Frisco 
R.  R.,  at  a  point  about  3  miles  from  the  concreting  operations. 
This  proportioning  plant  has  individual  bins  for  sand  and 
gravel,  which  are  loaded  directly  from  the  cars  by  a  large 
crane.  The  crane  is  mounted  on  road  wheels  to  which  Allen 
&  Harrison  have  bolted   angle  flanges   so   as   to  operate   on 


Job  on   Norman   Road,     Federal   Project    No.    19. 

by  8  pneumatic  tires,  each  coupled  to  a  IVz  ton  Army 
trailer  are  used.  The  trucks  carry  heavy  "batch  tanks" 
made  of  steel,  constructed  with  partitions  to  hold  just  the 
proper  proportion  of  sand,  stone  and  cement  for  a  batch. 
After  being  loaded  the  truck  moved  over  to  the  new  paving  to 
the  point  where  the  federal  engineer  inspects  it  and  the  trans- 
fer is  made  by  crane  and  hoisting  engine  to  the  industrial 
railway   that   carries   the    load    down    the   road   to   the   work. 


J 

Ml 
!*'■ 

Transferring   Crushed   Stone  from   Cars  to   Loading   Plant. 


View  of   Loading    Plant;   Truck  and   Trailer  Being   Loaded   at   Same 


rails.  Cars  are  spotted  by  a  cable  attached  to  the  crane, 
and  are  pulled  by  it.  The  bins,  which  are  made  in  sections 
so  that  they  can  quickly  be  taken  down  and  moved,  have 
capacities  for  100  yd.  of  sand  and  150  yd.  of  stone.  In  addi- 
tion to  the   bins  there   is  room   for   storage   for  25   cars   of 


Four  complete  batches  are  carried  on  each  trip  by  both 
the  truck  and  trailer.  In  addition  to  the  truck  method  of 
hauling,  industrial  cars  play  an  important  part  in  transport- 
ing material  to  this  job.  Two  5-ton  gasoline  locomotives, 
21  industrial  cars,  48  iy}  batch  boxes  with  cement  compart- 
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■ 


ir,1Si|l|S;i 


lift' 


Cement    Proportioning    BI 


Charging  the   P.iver  from   Batch   Boxei  by   Derrick. 

and  dial  paclty 

■ 

ill06  of 

,  iplng  Ih  1  a  I  ■  i  paver. 

Lgh   a   steam   pump 
tirj'l  forced   through   this  piping  by   17r,  II).   pressure. 


Tin'  average  amount  of  concrete   laid   on   this   road  doea 

no)  null.. >!■   the  duu  trlctlons  which  tang  over  this 

I  ■'■    Oklahoma   State  law    onlj    permits  an  s  hour 

da]    on  all   Btate    road    work,    with   a  mixing  time  of 

one  minute  per  batch. 

On  all  large  concrete  road  building  jobs  the  present  day 
machinery  elimlnati  bor.     On  this  par- 

ticular  lob  a  comparatively  a ■  ;i  ci  «  was  used.  This  was 
dulj   1  ung  material 

ii.  in   cars   to   bins.   in. in  and   the  ability  of 

the   paver   to   handle   the   materials  is   they   were 

1  up.  in  tact,  on  ail  concrete  jobs  it  will  be  found 
that  the  handling  ol  material  1  it  part  of  the  pay- 

roll if  it   1     done  by   hand  labor. 

Below   la  II  ilpment  and  number  of  men  used  on 

this  job: 


Labor  Force. 
Unloading  cars: 

1 

Flri  man     1 

i  nlng  up. .     2 
. 
Sand  4 

Truck   drivers    4 

Tram  I 

l 

boxes   2 

■       i    man   and 
mule. 
Track   shifting: 

■  man     1 

Men    '.... 

ip  man    1 

i  locomotive    

No  irain  crew,  exi 
glne 
i  'nloading 

Derrick   hoist    1 

1  ting   boxes    2 

< iverhead: 

Timekeeper    1 

Bookkeeper    1 

Commissary 1 


1 

...  2 

u  atchm  in       l 

i,  i 

Mixei                                      . .  1 

Spreadi  ra     2 

I 

itor    l 

<  iperator  helper  l 

foreman     l 

Water  boj    i 

Curing  and  covering  concrete: 

Sprinkling     1 

man     1 

4 

Cover    Conci.  Dp 

Forms. 

Form  setting: 

Foreman    l 

Men    3 

Fine  grading: 

Grader    1 

Hi  Ipers    2 

Also  team   and   man    1 

:  smith     1 

1 

lb  Ipera    2 


Consolidation    of    Broken     Stone    by    Two 
Rollers   of    Different    Weight 

The  French  Minister  of  Public  Roads  has  caused  a  certain 
number  of  experiments  to  be  carried  out  regarding  the  use 
— in  the  construction  of  metalled  roads — of  two  or  more 
rollers  of  different  weight  operating  in  succession  on  the 
resurfacing  material.  The  lighter  roller  passes  first  over 
the  road  smoothing  out  the  stone  and  compressing  it  slightly; 
the  heavy  roller  follows,  and  completes  the  consolidation. 
The  experiments  were  carried  out  in  the  Department  de  la 
Meuse,  in  the  Verdun  district. 

A  recent  bulletin  of  the  Permanent  International  Associa- 
tion of  Road  Congresses  contains  the  following  quotations 
from  a  report  setting  forth  the  advantages  which  have  been 
derived  from  the  new  method,  as  compared  with  the  method 
of  rolling  by  means  of  one  heavy  roller  only. 

Trials  were  commenced   with   two  rolli 
and  the  other  16  tons,  at  the  beginning  of    \i>ril.  1921.     The  results 
obtaliuii  appeared  to  "v  to  be  I  ictory.  and  we  are  com 

to  employ  two  rollers   i  or  '  work. 

Jn  the  first  allows  "f  the  better 

grouping   of    plant;    moreover,    supervision    •  i  r i< I    control   are    better 
d,  and  the  output  of  the  pel 

ter   than    that    at- 
tained i"-   two  roller-crewa  working  separately, 

ting  first  on  one  h:ilf.  of  the  width  ol  the  carrla 
and  thi  n  on  the  other  half,  a  perfi  .cured, 

which   Is  i  roller. 

used    to    better    advai  Of    the    first 

Light  any  holi  •       lj    be   repaired 

I      ,  vlm.l.  r    On  I 

There  is.  moreover,  a  slight  eci  rtilch  would 

, ,  ,-   if   the   four   men   working   thi    two   hand-pumpa 

three  men  to 

be  dispensed  with, 

T(l  |  ad    wa    are    of 

ra  In  the  execution  of  resurfacing 

.1    out,    although    only    extending   over-a 
ort    pei  lod,  api 

m  two  opera  1 1 
.     ,n    Hi.     V.  i.lnn    district      In    view   ol    thi 
oci  •  .1    v,  Oh    simlbir    cxperl- 

rtment. 
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Standardized     Specifications    for     Min-  fS,heet    Asphalt    Wearing    Surface    Mixtures.-The    function 

juuiuiuui^u    ^r  of  tne  aggregate  ln  a  sheet  asphalt  wearing  surface  mixture 

eral  A22re2ateS  for  Asphalt  is  simply  to  furnish  a  medium   whereby  a  high  percentage 

_    6  of  bitumen  may  he  carried  and  si  ill  produce  a  mixtui 

I  avementS  density  sufficient  to  prevent  the  entrance  of  water,  toughness 

_              .    ,         ,-.                    c\r      •  :""'   elasticity   sufficient  to   prevent   cracking   and   spalling  of 

Physical  Properties  Essential  to  Success  of  Various  |h(.   Mirla„.    aml    rigldlty   sufflcient  to   prevent  rolling   and 

Aggregates  in  Different  Types  of  Construction  «a 

Set  Forth  in  Paper  Presented  Jan.  17,  at  Through  a  long  experience  with   this  type  of  mixture   it 

u     r      A  P      A    Pniiffrpsc  naa  been  learned  tnat  tllis  sort  ot  a  combination  can  best 

the  L.ood  Koaas  congress  be  produced  by  means  of  a  mixture  of  properly  graded  sand, 

By  ROY  M.  GREEN,  wit),   the  addition  of  a  suitable  amount  of  Portland  cement 

Mai                                    ratories,    Lincoln  or  st0ne  dust.     Any  properly  gTaded   sand   that   is  made  up 

Many   of  the   other   details   involved   in   arriving    at   satis-  of   particles   of   sufficient   toughness    will    meet   the   require- 

;      Ideations   for   the   construction    of   the  tnents  for  sand  for  this  type  of  construction  provided   It  is 

various   types    of   asphalt   pavements    are    much    simpler   of  clean   and   does  not  contain  too   much  material  passing  the 

solution  than  that  Of  drawing  up  a  suitable  standard  for  the  200    mesh    sieve.     The   Portland    cement   or    limestone    dust 

requirements  of  the  mineral  aggregates  which  might  he  uni-  is  simply   added  to  fill  the  smallest  voids   in  the  aggregate 

versally    adopted.     For   example,    the    asphalt   cements    that  combination,   thus   promoting   stability,   and   to   increase   the 

have  been  successfully  used  for  the  various   types  of  work  toughness  of  the  mixture  through  the  fact  that  the  asphalt 

have  been  classified  and  placed  in   suitable  groups  for  de-  cement  is  absorbed  by  this  aggregate  to  a  very  large  extent, 

scription  in  specifications  and   their  physical  properties   are  Experience    has    also    shown    that    very   fine    sand,    in   large 

carefully   controlled    by    the   producers.     Since   the    physical  amounts  will  not  replace  the  Portland  cement  or  limestone 

and   chemical   properties   of  the   asphalt   cements  that  have  dust  as  a  filler  but  is  in  fact  undesirable.     This  point  should 

been  used  successfully  are  known,  and  there  are  relatively  be  covered  by  the  specifications. 

few  producers  of  such  materials,  it  is  much  easier  to  arrive  Since   the   finished   product   desired   for  this  type   of  con- 

at  a  suitable  specification  for  them  than  is  the  case  with  struction  is  known,  it  is  not  necessary  to  specify  the  grading 

the  mineral   aggregates   where   there  are  just  as   many   dif-  of    the    sand    desired    a'nd    subsequently   repeat    this    in    the 

ferent  classes  of  materials  as  there  are  deposits  of  rock  and  specifications    for    the    finished    mixture,  as  is  so  often  the 

gravel   and   their    properties    can   not   be   controlled    further  custom. 

than  to  regulate  the  maximum  size  of  the  particles  and  the  This  being  the  case  it  is  only  necessary  to  specify  that  the 

variation   in   sizes.     Realizing  these  facts,   it   is   readily   ap-  sand   shall   be   clean,   hard,   and   durable,   the  grading   being 

predated  that  the  materials  available  for  use  for  any  type  given  in  the  formula  for  the  finished  mixture.     The  amount 

of   pavement   in   the   different   sections   of   the   country    will  of  material   passing  the   200   mesh   sieve   should  be   limited. 

vary  through  a  wide  range.     Since  it  is  always  desirable  to  The   description   of  the   sand   could   be,   as   follows    in   the 

obtain  the  best  material  in  each  locality,  if  it  can  be  done  specifications. 

economically,  it  is  impossible  to  draft  a  standard  which  will  "Sand   for  Wearing  Surface   Mixture."     The   sand  for  the 

be  suitable   for  all   parts   of   the   United   States.     For   these  wearing  surface  mixture  shall  consist  of  clean,  hard,  durable 

reasons,  I  believe  that  the  standardization  of  the  specifica-  grains,  free  from  clay,  loam  and  other  foreign  matter.     Not 

tions  for  the   aggregate   to   be   used   in   the  various   asphalt  more   than   six    (6)    per   cent   of   the   sand    for   the    wearing 

pavement    mixtures    should    not    be    arbitrarily    drawn,    es-  surface  mixture  shall  pass  a  200  mesh  sieve  and  it  shall  be 

pecially    since   there    is    a    tendency    of    many   engineers    to  so  graded  as  to  produce  a  wearing  surface  mixture  as  here- 

adopt  standard  specifications  blindly  without  regard  to  local  lnafter    specified    under    "Composition    of    Wearing    Surface 

conditions  of  supply  or  local  experience  with  materials  that  Mixture"  when  combined  w-ith  the  mineral  filler  and  asphalt 

have   been   used   successfully.     A   standard   specification   for  cement. 

aggregate  is  of  no  value  except  as  a  guide  in  drafting  speci-  Since  the  mineral  filler  in  the  mixture  adds  to  its  tough- 

fications  for  local  conditions  and  as  a  means  of  pointing  out  ness  by  assisting  in  retaining  a  larger  proportion  of  bitumen, 

to  the  average  engineer  those  points  which  should  he  taken  by  absorption,  it  is  essential  that  it  be  fine  enough  to  act  as 

into    consideration    in   the    description   of   materials    desired  a  true  filler.     The  description  of  the  filler  could  be  given  in 

for  a   specific   purpose.     The   adoption   of  a  standard   speci-  the  specifications  as  follows: 

fications,  in  its  entirety,  often  shuts  out  some  local  material  "Mineral  Filler."     The  mineral  filler  shall  consist  ot  lime- 

of  considerable  merit,  and  in  some  cases  may  entirely  shut  stone  dust  or  Portland  cement,  which  when  tested  by  means 

out  a   type   of   construction   by    placing   unnecessarily   rigid  of  laboratory  screens  shall  meet  the  following  requirements: 

requirements  on  certain  materials  that  are  essential  for  that  Per  Cent 

type.     In  other  words,  standards  for  the  requirements  of  the      Passing    40    mesh    sieve 

physical  properties  of  aggregates  should  be  based  upon  the      Passmg  200  mesh  s,eve-  not  less  than   

materials  available  in  any  locality  and  should  be  drawn  so  lf  this  ^'^  ot  specification  is  used  for  the  mineral  aggre- 

as   to  admit   all   aggregates   that  have   proven   successful   in  *ate  il  then  becomes  necessary  to  give  a  complete  formula, 

like  construction   in   the  past,   and   should   be  strict   enough  for  the  desired  finished  product.     The  following  is  suggested 

so  that  all  materials  that  have  proven  inferior  are  excluded.  as  bem«  suitable  for  this   purpose: 

In  the  discussion   of  this   subject  it  is,   therefore,   my   in-  "Composition  of  Sheet  Asphalt  Wearing  Surface  Mixture." 

tention  to  discuss  the  physical  properties  that  are  essential  The  materials  entering- into  the  wearing  surface  mixture  shall 

to  the  success  of  the  various  aggregates  for  use  in  the  dif-  be   combined   in   such   proportions   as   to   produce  a   mixture 

ferent  types  of  construction.     The  definite  limiting  test  re-  conforming  to  the  following  limits  of  composition,  by  weight: 

quirements   given   in   the   following   pages   are   not   intended  ,                                                                                            Per  Cent. 

for  universal   application  but   are   what  I   consider  as   good         ^A^g^egate.' 

I  practice  for  the  materials  available  for  use  in  Nebraska  and      Passing  200  mesh  sieve    10  to  lfi 

adioinin?   statoo  Passing  100  mesh   and   retained   on   200  mesh   sieve 5  to  20 

aujiMuiiiS    siaies.  Passing     80  mesh  and   ret  <  mesh    sieve 5  to  20 

Since   the   properties  of  the   mineral  aggregate   which   are      Passing    40  mesh  and  retained   on     so   mesh  sieve 20  to  40 

essential    to   the    success   of   a   bituminous    wearing   surface      Passine    10  mesh  and  retained  on     40  mesh  sieve 15  to  4r. 

mixture  are  dependent  upon  the  type  of  mixture  which  is  The  finished  mixture  shall  have  not  less  than  thirty  (30) 

contemplated,  it  will  first  be  necessary  to  designate  the  types  Der  cent  of  aggregate  passing  the  eighty  mesh  sieve, 

which  are  to  be  discussed.  Although  these  specifications  have  been  reduced  to  a  very 

For  the  purposes  of  this  paper,  the  asphalt  paving  mixtures  simple  statement  of  requirements  it  must  be  understood  that 

will  be  divided  into  four  classes,  as  follows:  tbe  aggregate  grading  must  be  carefully  controlled,   within 

1.  Sheet  asphalt  wearing   surface  mixtures.  tne  limits  given,  by  some  one  who  is  competent  to  supervise 

!    2.  Asphaltic    concrete,   with    the   material    passing   the    10  tnis  *yPe  ot  construction. 

■mesh  sieve  predominating.  Asphaltic  Concrete,  With  the  Material  Passing  the  10  Mesh 

3.  Asphaltic    concrete,    with    substantial    proportions    both  Sieve  Predominating. — In  this  type  of  construction,  which  in- 
Dassing  and  retained  on  the  10  mesh  sieve.  eludes  the  Topeka  mixture,  a  small  amount  of  stone  is  in- 

4.  Asphaltic  concrete,   with   a  preponderance   of  material  troduced   in   the   mixture   of   fine   bituminous   mortar.     The 
etained  on  the  10  mesh  sieve.  purpose  of  this  stone  in  the  aggregate  is  simply  to  reduce 
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the  co  notion1  bj   reducing  1 1 1 « •  surface  area  i"  !»• 

■    by   the  asphalt  cement,  since   It   requires   much  less 
bitumen   to  thoroughly  coat  the   stone   which    Is   repls 
like  volume  of  tine  aggregate.    The  stone,  or  large  aggregate, 
in   this   type   of  mixture  does   not   contribute   to   its   stabilin 
in  .my  waj  aa  '.oil  particle  is  completely  Burrounded  with 
the  Due  bituminous  mortar  and  the  larger  particli 
;n  contact   with  each  other.     The  success  of  such  a  combina- 
tion  is   then  dependent  upon   the  oorrect   proportioning  of 
the  liner  particles  of  aggregate  the  same  as  in  the  case  of 
the  sheet  asphaltlc  wearing  surface  mixture.     For  this  reason 
it  is  just  as  essentia]  to  produce  a  properly  graded  material 
having   'be   same   physical   properties   as   tlie   i 
for  the  line  aggn  gate  in  the  sheet  asphalt.    The  specifications 
tor  the  sans  i  111  this  type  of  construction  should. 

re,  he  th.'  same  as  for  sheet  asphalt. 

The  large  aggregate  is  exposed  in  the  sin  face  of  the  pave 
inent  over  a  relatively  small  ana  of  the  total  and  it  is  there- 
fore not  so  essential  that  the  particles  he  as  tough  and 
hard  as  for  use  in  mixtures  where  a  rerj  large  area  is  es 
posed  in  this  way.  It  is  also  absolutely  essential  that  the 
maximum  size  of  these  particles  Bhould  not  exceed  %  in. 
in  diameter  .  entirely  surrounded  by  a  bituminous 

mortar  and  if  the  size  is  great  there  will  he  a  much  greater 
tendency  tor  movement  in  the  mixture,  due  to  stresses  at 
their  edges. 

In  drawing  specifications  for  the  aggregate  entering  into 
pavements  of  this  class  it  is  well  to  specify  limits  of  tough- 
ness and  resistance  to  abrasion  as  well  as  requirements  for 
cleanliness  and  a  limit  to  the  maximum  size.  The  properties 
of  the  local  materials  that  have  been  successfully  used  should 
be  kept  in  mind  in  order  that  those  materials  that  have  given 
satisfactory  service  may  not  be  eliminated  by  requirements 
that  may  he  too  strict.  If  this  type  of  mixture  is  contem- 
plated the  following  specifications  for  the  coarse  aggregate 
are  suggested. 

"Stone."  The  crushed  stone  shall  be  produced  from  rock 
having  a  French  coefficient  of  wear  of  not  less  than  eight  (8) 
and  a  toughness  of  not  less  than  eight  (S)  when  tested  in 
accordance  with  the  methods  described  in  the  U.  S.  Depart- 
ment of  Agriculture  Bulletin  347,  pages  4  and  11  respec- 
tively. The  crushed  stone  shall  he  reasonably  uniform  in 
quality  and  free  from  soft  or  disintegrated  particles  and 
shall  vary  from  one-half  (V&)  an  inch  to  the  smallest  particle 
retained  on  the  finest  mesh  screen  commonly  used  in  stone 
crushing  plants. 

The  specifications  for  sand  and  mineral  filler  should  be 
the  same  as  for  sheet  asphalt  wearing  surface  mixtures  as 
they  serve  a  like  purpose  in  this  type  of  construction  and 
should  therefore  be   identical. 

When  this  type  of  specification  is  used  to  describe  the 
aggregates  it  is  then  essential  to  give  a  complete  description 
of  the  formula  for  the  completed  mixture.  A  good  specifi- 
cation, and  one  which   is  m   verj    common  use  is  as  follows: 

i  '.nt. 

Bitumen     . .  7  to  )  1 

Aggr. 

5  to  11 

Passing     sn  mesh   and   ret.  sieve hi  to  25 

Passing     40  mesh    and  80    mesh    - 

10  mesh   and   retained    on      10    rnesh    sieve 7  to  25 

reen  and  1                              thesh  E  le\  1      1 
Passing     Vi  inch  and   retained  or  ",  to  111 

Asphaltic  Concrete,  With  Substantial  Proportions  Both 
Passing  and  Retained  On  the  10  Mesh  Sieve. — When  Mixture 
Is  Used  as  a  Wearing  Surface:  When  properly  designed  this 
class  of  mixture  produces  a  oense  asphaltic  concrete  witli  a 
high  percentage  of  well  graded  stone,  the  particles  of  which 
ire  in  very  intimate  contact  with  each  other.  The  function 
of  the  stone  in  this  mixture  is  to  add  to  the  stability  of  the 
combination  by  interlocking,  and  to  reduce  the  surface  area 
to  be  coated  with  asphalt  cement  and  thus  reduce  the  cost 
of  construction.  In  order  to  he  satisfactory  in  this  aggregate 
tie  must  have  sufficient  toughness  and  hardness  to 
resist  the  internal  wear  that    a  up  in  the  mixture 

I  as  withstand  the  shocks  of  traffic  that  come  directly 
upon   the  surface  of  the   pavement      For  these  reasons   it  is 
a]  that  the  stone  be  harder  and  tougher  than  that  used 
in  the  preceding  class  of  asphaltic  concrete. 

The  mortar   surrounding   tin'    particles   of   large   aggri 
in   this  combination   must   be  suitably   designed   and    propor- 
tioned also,  In  order  that  It  may  protect  the  large  aggregate 
by   holding   It    securely    in    place    and    thus    prevent  Internal 
The    mortar    must    also    cushion    the    effects    of    traffic 


■  a  the  surface  so  that  Hi'  hoi  ks  will  not  he  great  enough 
to  completely  crush  the  large  aggregate.  To  accomplish  this 
purpose  the  sand  must  be  properly  graded  the  same  as  in 
the  two  preceding  classes  of  pavements.  The  following 
clause  will  cover  these  details. 

ise  Aggregate."     The  mineral  aggregate  shall  consist 

>f  hard  crushed  stone  or  an  approved  mixture  of  hard  crushed 
stone  and  gravel  for  the  coarse  aggregate.  Not  less  than 
ninety  (90)  per  cent  of  the  coarse  aggregate  shall  pass  a 
one  (1)  inch  screen.  To  the  coarse  aggregate  shall  be  com- 
bined sand  or  a  mixture  of  sand  ami  One  stone  screenings 
for  the  smaller  sizes.  The  large  aggregate,  or  that  portion 
of  the  mineral  aggregate  larger  than  one  quarter  (>4)  of  an 
11.   diameter  shall    i  1   of  stone  or  gravel,  all 

of  which  has  been  produced  irom  materials  having  a  French 
coefficient  of  wear  of  not  less  than  ten  ilm  when  tested  in 
accordance  with  the  methods  described  in  the  IT.  S.  Depart- 
in. 'tit  of  Agriculture  Bulletin  ".17,  page  I  All  the  crushed 
stone  larger  than  one-quarter  11,)  of  an  inch  in  diameter 
shall  he  produced  from  materials  having  a  toughness  of  not 
less  than  ten  1  10)  when  tested  in  accordance  with  the  meth- 
od described  on  page  11  of  the  0  s  Department  of  Agri- 
culture Bulletin  347. 

The  coarse  aggregate  shall  be  reasonably  uniform  in 
quality  and  free  from  soft  or  disintegrated  particles,  or  other 
objectionable  matter  ..curing  free  or  as  a  coating  on  the 
aggregate,  and  free  from  an  excess  of  flat  or  elongated  pieces. 
When  this  type  of  specification  is  used  it  is  necessary  to 
also  give  the  formula  for  the  mixture  desired.  The  fol- 
lowing is  suggested  for  this  purpose: 

"Composition  of  Dense  Bituminous  Concrete  Wearing  Sur- 
face Mixture."  The  dense  bituminous  concrete  wearing  sur- 
face mixture,  produced  in  the  manner  hereinbefore  set  forth, 
shall  contain  the  following  percentages,  by  weight  of  bi- 
tumen and  aggregate,  the  sieves  being  used  in  the  order 
named: 

per  1 

Bitumi  11    5  to    S 

Aggi . 

1  'assing  200  mesh    sieve      1  to  10 

Passing     SO  mesh   and    1  00   mesh  sieve 4  to  14 

in  mesh   and    retained    on      80    mesh    sieve IS  to  30 

Passing     &  inch   screen   and    retained   on    10   mesh    sieve.. 21  to  35 

1    Inch   and    retained    on    %    Inch    screen 20  to  38 

Passing  l'i   inch    and    retained    on    1    inch    screen 0  to  10 

The  finished  mixture  shall  have  from  fifty-five  (56)  to 
seventy  (70)  per  cent  of  mineral  aggregate  retained  on  a  10 
mesh  sieve,  and  not  less  than  fen  (10)  per  cent  passing  an 
80  mesh  sieve. 

When  Mixture  Is  Used  as  Closed  Binder  in  Sheet  Asphalt 
Construction. — When  mixtures  of  this  class  are  used  as  closed 
binder  in  sheet  asphalt  construction  and  combination  is 
made  up  of  a  mixture  of  fine  and  coarse  aggregate  with 
asphalt  cement,  without  the  use  of  the  fine  filler  of  Portland 
cement  or  stone  dust.  The  functions  of  the  coarse  and  fine 
aggregates  are  the  same  as  In  the  case  where  it  is  used  as  a 
wearing  surface.  The  large  aggregate,  however,  need  not 
be  nearly  so  tough  and  hard  since  the  shocks  of  traffic  never 
come  directly  upon  it  and  there  is  no  possibility  that  there 
will  be  internal  wear  as  the  combination  is  always  protected 
by  a  layer  of  fine  bituminous  mortar  to  a  depth  as  great  as 
one  or  even  two  inches. 

The  requirement  for  the  sand  should  be  the  same  as  for 
other  types  of  construction  although  the  stone  may  be  much 
softer.  A  suitable  specification  describing  the  stone  might 
be  as  follows: 

"Stone  for  Binder  Course."  The  stone  for  the  binder 
course  shall  be  produced  from  tough  and  durable  rock  having 
a  French  coefficient  of  wear  of  not  less  than  six  (6)  when 
tested  in  accordance  with  the  methods  described  in  the 
U.  S.  Department  of  Agriculture  Bulletin  347,  page  4.  It 
shall  be  reasonably  uniform  in  quality  and  free  from  foreign 
substances.  When  tested  by  means  of  laboratory  screens  It 
shall  meet  the  following  requirements  and  be  uniformly 
graded  between  the  limits  given: 

Passing    1   in     screen,    not  !).">  per  cent 

10  per  cent 

Asphaltic  Concrete,  with  a  Preponderance  of  Material  Re- 
tained on  the  10-Mesh  Sieve.  When  used  as  a  wearing  sur- 
face: This  type  of  mixture  is  made  up  of  a  commercial  size 
of  broken  stone  or  of  "one  size  stone"  mixed  with  a  bitumi- 
nous cement.  The  mixture  produced  in  this  way  is  not  an 
absolutely  dense  solid  and  no  attempt  should  be  made  to 
fill  the  voids  with  the  asphalt  cement.     The   stability  of  the 
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mixture  is  almost  entirely  dependent  upon  the  Interlocking 
of  the  large  aggregate  and  the  wearing  qualities  of  the  sur- 
face are  almost   entirely  dependent  upon   the   hardness  and 

toughness  of  this  material,      For  this  reason  it   is  absolute!} 

■  Kit  that  this  material  be  as  tough  as  possible  in  order 

to  withstand  the  shocks  of  traffic  and  resist    the  effects  ol 

internal  wear  which  is  inevitable  when  this  ty] i    mixture 

is  used. 

The  limits  of  the  properties  of  the  mineral  aggregate  that 

Id  be  specified  are  dependent  upon  the  amount  of  traffic 

that  must  be  carried  by  the  surface.    If  it  is  absolutely  known 

that    the   traffic   is   to   be   composed   entirely   of    rubber-tired 

vehicles   and    is    very    light   it   is   safe   to   allow    the   use   of 

much  softer  rock  than  if  the  amount  and  nature  oi  the  traffic 

is  unknown  or  is   known   to  be   severe  and   to   consist    of   a 

proportion  of  iron-tired   vehicles.     If  a   severe  traffic 

is  contemplated  it  is  necessary  that  the  ag]  ould   lie 


Asphalt     Used     for     Curing     Concrete 

Pavements 

By   B.    H.    PIBPM 
Gnglneei    -i    I  ton  tructlon,    Dt>  I  State 

Department   ol    Publli     ■  i 

miring  1921  Illinois  experimented  with  the  use  of  asphalt 
in  cuiing  concrete  pavements.     The  was  tried  on 

about  two  miles  of  road  built  by  day  labor  near  Frankfort. 
HI.,  and  was  in  connection  with  a  centra]  mixing  plant  where 
no  water  line  was  needed  along  the  road. 

As  it  was  desired  to  remove  the  asphalt  dialing  used  for 
curing  purposes,  it.  was  decided  to  use  a  blown  asphalt  and 
apply  it  on  a  damp  surface  that  wa  slightly  dusty  to  prevent 
the  asphalt  from  sticking.  The  asphalt  was  lirst  applied 
soon  after  the  final  set  and  while  the  surface  was  still  nun  i 
This  method  did  not  work  out  entirely  satisfactorily,  chiefly 


Various  Stages  of  Process  of  Curing  Con 
better  than  for  any  other  type  of  asphaltic  concrete  mixture 
inasmuch  as  the  aggregate  must  be  of  such   quality   that  it 
is  capable  of  carrying  all  the  wear  of  traffic  including  inter- 
nal wear  and  abrasion  of  the  surface. 

A  reasonable  specification  for  this  type  of  material  is  that 
recommended  by  the  American  Society  for  Municipal  Im- 
provements in  1917,  which  is  as  follows: 

"Tests":  The  broken  stone  shall  be  subjected  to  abrasion 
and  toughness  tests  conducted  by  the  engineer  in  accordance 
with  methods  adopted  by  the  American  Society  for  Testing 
.Materials,  Aug.  15,  1908.  The  broken  stone  used  for  the 
construction  of  the  wearing  course  shall  show  a  loss  on 
abrasion  of  not  more  than  3.5  per  cent  or  a  French  co-effi- 
cient of  wear  of  not  less  than  11.5  and  its  toughness  shall 
not  be  less  than  13.0. 

Mixture  Used  as  Open  Binder  in  Sheet  Asphalt  Construc- 
tion.— If  this  class  of  mixture  is  used  as  an  open  binder  for 
sheet  asphalt  construction  the  requirements  of  the  aggre- 
gate are  the  same  as  for  the  aggregate  for  closed  binder, 
already  described. 

In  closing  I  wish  to  again  draw  your  attention  to  the  fact 
that  it  is  not  good  policy  to  recommend,  for  universal  adop- 
tion, a  specification  for  the  mineral  aggregate  for  asphalt 
pavements  and  place  limiting  tests  requirements  on  these 
materials  because  of  the  fact  that  materials  differ  so  widely 
in  nature  in  different  localities  and  it  is  always  advisable  to 
draw  specifications  for  materials  so  as  to  allow  the  use  of 
only  the  best  materials  available  in  any  locality  so  long  as 
competition  is  obtained  and  the  interests  of  economy  served. 
While  the  specifications  quoted  are  not  intended  for  uni- 
versal adoption  it  should  be  noticed  that  the  large  aggre- 
gate should  be  of  better  quality  for  the  cheaper  types  of 
construction  than  for  the  more  expensive.  The  last  form 
of  asphaltic  concrete  requiring  the  best  large  aggregate 
while  sheet  asphalt  binder  and  also  "Topeka"  may  be  con- 
structed by  the  use  of  poorer  grade  of  stone. 

For  successful  results  with  any  specifications  it  is  also 
absolutely  essential  that  the  mineral  aggregate  grading  be 
controlled  within  very  narrow  limits  by  one  who  under- 
stands the  fundamental  principles  underlying  the  various 
asphalt  paving  mixtures  and  who  is  experienced  in  their 
construction. 


Crete   Pavements  by  Coat     ing    With    Asphalt. 

on  account  of  transporting  the  heating  kettle  over  the  green 
concrete.  A  properly  designed  heating  kettle  would  permit 
it  to  be  pulled  over  the  green  concrete,  ahead  of  the  coating. 
However,  with  the  equipment  that  the  state  had  available  it 
was  more  economical  to  broom  the  surface  with  a  light  coat- 
ing cement  after  it  had  become  sufficiently  hard  to  support 
a  100  gal.  steel  wheeled  kettle  without  injury. 

The  asphalt  was  applied  at  the  rate  of  approximately  6/10 
gal.  per  square  yard  and  after  the  three  weeks'  curing  period 
had  elapsed  it  was  peeled  off,  rolled  up,  carried  ahead  and 
re-heated.  A  large  amount  of  the  asphalt  was  re-used  on 
the  second  application  and  a  small  amount  of  it  the  third 
time.  On  account  of  the  dust  and  dirt  collected  by  the 
asphalt  the  second  and  third  heating  was  very  difficult  and 
unsatisfactory. 

The  results  obtained  from  the  use  of  the  asphalt  were  ap- 
parently satisfactory.  This  method  was  tried  out  during 
the  hottest  weather  of  the  summer  and  at  all  times  there 
seemed  to  be  moisture  beneath  the  asphalt  blanket  when  it 
was  peeled  off.  Laboratory  experiments  have  indicated  that 
pavements  can  be  cured  with  this  process  about  as  satis- 
factorily as  with  the  use  of  earth  and  water,  which  is  the 
most  common  method  followed. 

The  cost  of  the  work  done  at  Frankfort  was  approximately 
fi%  ct.  per  square  yard. 


Road  School  for  Kansas  County  Engineers.  The  Kansas 
State  Agricultural  College,  Manhattan.  Kan.,  will  hold  its 
annual  county  engineers'  road  school  on  Feb.  14-24.  Six 
major  courses  will  be  offered:  three  in  the  morning  from 
8  to  11  and  three  in  the  afternoon  from  1  to  4.  It  is  expected 
that  each  engineer  registering  w  ill  choose  one  forenoon 
and  one  afternoon  course.  In  addition  to  the  major  courses 
there  will  be  two  lectures  or  seminar  periods  a  day:  one 
at  11  a.  m.  and  one  at  4  p.  m.  It  also  is  hoped  to  have  a 
large  number  of  outside  speakers  present  topics. 


Steam  Shovel  Moved  15  Miles  Up  to  15  Per  Cent  Grades 
Under  Own  Power. — In  constructing  the  Berthoud  Pass  road 
in  Colorado,  a  steam  shovel  was  moved  15  miles  under  its 
own  power  up  15  per  cent  grades  to  start  work  at  the  high- 
est point.  The  government  forest  road  crosses  the  Front 
Range  -at  an   elevation  of  11.300  ft. 


Michigan  Conference  on  Highway  Engineering. — The  8th 
Annual  Michigan  Conference  on  highway  engineering  will  be 
held  at  the  University  of  Michigan  from  Feb.  13  to  17.  An 
excellent  program  of  papers  by  leading  highway  engineers 
has  been  prepared.  One  day  of  the  conference  will  be  de- 
voted as  road  commissioners'  meeting,  at  which  reports  will 
be  made  by  representatives  of  county  highway  departments. 
On  the  evening  of  Feb.  16  there  will  be  an  informal  dinner 
of  the  Michigan  Road  Commissioners'  and  Engineers'  As- 
sociation. 
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An  English^Engineer's  Impressions  of 
the  Road  Show 

(It  was  the  pood  fortune  of  Engineering  and  Contracting 
to  u.i  i  .it  the  Umi  od  roads  exhibition 

in  Chicago,  a    British   member  of  the   profession   who 
much  Interest  In  the  various  exhibits  and  lias  given  us  the 
following  account  of  hi?  observation  at  both  show  and  con- 
nglneerlng  and  Contracting.] 

Although  l  have  made  several  visits  ol  considerable  length 
In  tin'  States,  this  road  congress  and  Bhow   has  furnished  my 
ttrst  opportunlt]   of  Beeing  one  of  your  great   industrial   ex 
blbitlons.     it   is  difficult  to  deride  whether  1   wi 
Impressed  by  the  scope  ami  magnitui  ■   or  by 

the  character  of  the   individual  exhibits.     Frankly   I   was  sur- 
prised  at  both. 

One  other  feature  also  attracted  my  attention  unexpectedly 
t.>  the  conspicuously  happy  spirit  which  one  en- 
countered everywhere  as  he  went  about  the  exhibition.  The 
fame  of  Americans  as  money  mal  ers  is  quite  understandable 
if  they  always  make  as  pleasant  a  job  of  it  as  they  did  at 
this  show  where.  I  suppose,  the  Government  was  the  only 
exhibitor  whose  primary  motive  was  not  commercial. 
Wherever  one  went  he  met  a  cheery  smile  and  a  readiness 
to  explain,  even  although  he  announced  himself  as  no  pos- 
sible purchas 

Of  the  exhibits,  the  construction  equipment  impressed  me 
most  and  I  confess  to  a  pleasurable  sense  of  cEildish  wo 
at  the  sight  of  so  many  great  machines,  all  fresh  and  trimly 
painted,  and  exhibited  together  under  a  single  roof.  Just  by- 
way of  contrast  there  was  here  and  there  a  service-marked 
unit  accompanied  by  a  placard  reciting  its  age  and  the  history 
of  its  use. 

American  ingenuity  is  justly  famed  and  quite  freely  ad- 
mitted in  England,  but  th<  ling  among  many  of  my 
countrymen  that  American  machine  construction  is  generally 
flimsy.  Corroboration  of  the  first  of  these  ideas  and  con- 
futation of  the  second  were  contained  in  the  road  exhibitions 
at  Chicago.  True,  there  were  exceptions,  but  they  were 
notably  few.  I  would  not  say  that  the  construction  generally 
was  as  solid  as  is  British  construction,  but  it  could  not  in 
fairness  be  called  flimsy;  and  it  is  quite  possible  that  it  is 
more  truly  economic  than  are  the  British  types.  There  has 
been  a  growing  feeling  among  us  from  across  the  Atlantic 
that  many  of  our  machines  are  made  unreasonably  heavy 
and  durable — especially  machines  subject  to  supersession 
by  frequent  improvements  in  the  arts. 

Perhaps  the  mechanical  tampers  for  concrete  roads  and 
road  bases  afforded  the  strongest  evidence  of  the  rapid  de- 
velopments now  being  made  in  the  art  of  road  building.  I 
do  not  know  just  how  long  it  is  since  the  first  of  these  was 
placed  upon  the  market,  but  I  have  been  in  sufficiently  close 
touch  with  road  building  affairs  to  be  sure  that  it  is  only 
a  very  few  years.  Yet  here  were  seven  or  more  tamping 
machines,  each  with  its  demonstrator  eager  to  show  you 
Its  superiorities.  The  machines  were  of  two  types — power 
and  hand  operated — the  latter  being  designed  for  compara- 
tively narrow  roads.  I  wish  that  1  might  see  each  of  them 
in  actual  operation. 

I  was  very  greatly  interested  in  the  suhgraders,  of  which 
both  rotary  and  rectilinear  types  were  on  display.  These 
machines  are  for  trimming  rough  grading  to  an  exact  surface 
preparatory'  to  the  placement  of  paving  materials.  Like  the 
ili.  ,  'In  a  work  which  until  recently  was  limited 
to  band  labor  with  small  tools. 

that  the  limit  of  development  in  concrete  mixers 
Is  about  reached,  yet  I  dare  not  venture  an  actual  predic- 
tion to  that  effect  Here  at  the  show  there  ;irr  many  sizes 
and  types,  but  the  most  Interesting  featurea  to  me  are  in 
The  great  paving  units  are  certainly 
monu:  kill  of  the  designers  and  the  progress  of 

road    building.      .Nevertheless    0  isonably    hope    for 

further  great   improvements   in    the   means   and   methods   of 
mixture   upon   the   prepared  ground   surface, 
automatic  measuring   devices   for  concrete   materials 
afford  nent    over   older   methods — es- 

timation of  doubtful  human  elements,  and 
•■    in   the  pro- 


lii  this  connection  one  also  thinks  ol  the  develop- 
ment in  batch  boxes  foi  handling  and  charging  the  mixed 
materials.  One  unit  was  provided  with  a  special  crane  which 
i  these  boxes  most  expeditiously  and  conveniently, 
in  this  connection  1  should  mention  that  this  exhibition  is 
red  vastly  more  Interesting  i>>  the  operation  of  much 
of  the  equipment  on  display      01    COU  ctual  burning 

ni  anj  kind  of  fuel  in  engine  exhibited  In  a  closed  building 
is  Impracticable,  but  bj  the  attachment  of  electric  motors, 
almost  ever]  important  machine  v.  as  shown  In  motion.  Even 
some  of  the  heavier  tra.  i  with  their  driving 

wlnels  off  the  floor  and  turning  at  slow   s] da  to  show  fully 

ii  "i  theli  pari  The  mixers  and  the  tampers 
made  much  noise,  but  it  was  of  an  appropriate  and  pleasant 
.-mi    in  such  an  occasion 

I    understand    that    central    mixing    ol    concrete    for   road 

purposes  is  growing  rapidly  in  favor,  and  i  noted  with  much 

i   the  special  equipment   foi    handling   11     auto  trucks 

with  Bpecial  bodies  for  use  where  BUitabli  .i \  ail 

able,    and    industrial    tracks    and    cars    for    other    conditions. 

The  use  of  batch  boxes  with  the  latter  equii nl  appeals  to 

one  as  a  most   practical   and  d<  ii  able  development.     There 
were  both  large  and  small  working  modela  of  central  plants, 
which   one  could    form    a    verj    excellent    Idea   of   the 
operations  of  the  actual  outfits. 

manufacturer  of  dragline  equipment  bad  a  small,  al- 
though very  complete  moded  including  a  stage  and  trap,  all 
mounted  in  a  box  with  an  adequate  supply  of  sand  which  he 
perpetually  excavated  in  highly  graphic  fashion.  There  were 
beautiful  models  of  excavating  buckets  and  other  equipment 
including  road  gTaders  and  tractors.  But  on  the  whole  the 
number  of  models  was  somewhat  of  a  disappointment.  Good 
models  tell  a  great  deal  in  little  space,  and  it  is  my  belief 
that  Americans  would  find  it  to  their  advantage  to  use  them 
more  than  they  do. 

In  grading  machinery,  I  will  confess  that  aside  from  the 
"subgraders"  which  I  have  mentioned,  I  found  little  of  which 
I  did  not  already  know.  Very  few  plows  were  on  display, 
although  what  I  saw  appeared  as  of  excellent  quality.  Among 
the  blade  graders  there  were  some  developments  in  light 
weight  machines  for  surface  trimming,  some  minor  blade 
adjustments  and  one  or  two  attachments,  but  nothing  rad- 
ically new.  There  were  also  but  few  rollers  on  exhibition 
— perhaps  because  of  the  lessening  use  of  macadam  and 
gravel  surfaces. 

Of  the  tractors,  trucks  and  truck  bodies  I  shall  not  at- 
tempt to  speak  in  any  detail.  It  was,  however,  most  inter- 
esting to  see  so  many  makes  and  types  together,  and  the 
prospective  buyer  who  attended  the  show  had  an  excellent 
opportunity  to  compare  their  merits.  The  turn  tables  for 
trucks  were  of  special  interest,  and  I  regret  that  I  am  not 
likely  to  have  an  opportunity  of  seeing  them  in  operation  on 
actual  construction.  Elevating  loaders,  oiling  and  sprinkling 
equipment,  asphalt  outfits,  engines,  pumps,  and  many  other 
machines  deserve  comment  which   I  am  unable  to  give. 

The  displays  of  road  materials  and  pavement  samples  were 
neither  numerous  nor  large,  but  the  exhibitors  had  provided 
very  complete  and  interesting  literature,  and  their  repre- 
sentatives were  ready  with  a  large  fund  of  information  and 
courteous  explanation. 

Conspicuous  on  the  balcony  of  the  exhibition  building 
were  the  flashing  lights  of  an  automatic  gas  signal  company; 
and  on  the  opposite  side  were  exhibited  pavement  lights  of 
the  mushroom  type.  Among  what  might  be  termed  miscel- 
laneous exhibits  there  were  bridge  models,  several  attrac- 
tive- displays  of  engineering  Instruments,  culvert  pipes,  re- 
inforcing materials,  forms,  and  hand  tools;  but  it  is  quite 
impossible   to  mention    them   all. 

The  engineering  papers  and  other  interested  periodicals 
were  well  represented,  and  tln-ir  booths  were  always  busy 
w  hen    I   observed   them. 

The  extent  to  which  the  moving  picture  has  become  an 
day  affair  was  one  of  the  conspicuous  incidents  of  the 
exhibition.  Scattered  about  the  hall,  in  how  many  places  I 
do  not  know,  were  small,  self-contained  outfits,  iii  which  pic- 
tures of  working  equipment  were  projected  on  hooded 
screens  so  brilliantly  that  t he  passerby  might  stop  for  a 
glance  at  them  without  the  least  interference  from  the  main 
lighting  of  the  building.  Almost  every  one  of  these  "movies" 
had  a  small  group  of  people  continuously  in  front  of  It. 

The   exhibit   of   the  justly    famed    V.    S.    Bureau   of   Public 
was   a    disappointment     Probablj    the   work   of  the 
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Bureau  is  so  well  known  to  all  w  ho  Qgaged   in 

roail  building  that  little  can  be  gained  by  advertising  among 
them,    but    there    were    doubtless    man;.  g    among    the 

visitors    at    the    exhibition    who    would    b  liked    to    learn 

more  of  its  work.     There  were  a  few    mi  u  road  struc- 

tures, a  moderate  display  of  apparatus  tor  both  physical  and 
chemical  tests  of  materials,  and  some  of  :    Instru- 

ments used  in  testing  pavements  in  servli  ulerable 

display    of    pictures    of    roads    and    scenery     throughoul    the 
States   was   to  me   the   most   interesting   feature   of   this   ex- 
hibit,  but  even   these   were   by  no   means    what    they   might 
have    been,    their    coloring    and    general    character    being 
illy  inferior. 
It  will  be  noted  that  I  have  attempted  little  by  way  of  com- 
parison   between    things    American    and    things    British,    for 
neither  time  nor  space  permits  me  to  go  far  in  that  matter. 
Undoubtedly  American  equipment  on  the  whole   is   well  de- 
Bd  and  built  to  fill  American  needs.     Nevertheless  Amer- 
-   could  no  doubt   profit  from   a   study   of   British   types, 
and  1  have  no  hesitancy  in  admitting  thai  should  learn 

much  from  America.     Differences  in  weight  of  consi 
equipment   I   have   already   noted,   but   of  more  fund;) 
importance  are  the  differences  in  weights  of  road  using  equip 
ment.   Our  trucks,  tractors  and  other  vehicles  not  only 
ninth  heavier  than  do  the  American  types,  but  the  hi 
or  limiting  types,  are  conspicuously  heavier.     This  ol 
necessitates  heavier  pavements,   and  I   should   say   that   the 
greatest  problem  before  American  road  engineers  today  is  to 
decide  on  whether  they  should  continue,  to  build  roads  of  a 
strength  approximately  the  same  as  that  now  most  in  favor, 
or   whether   they   should    begin   to   provide   for   substantially 
greater   vehicle   weights,     if  the   former   course   is   adopted, 
it   will   require   the   careful   and   rigid   limitation   of   weight: 
if  the  latter,  it  will  be  necessary  either  to   restrict   vehicle 
weights  on  much  of  the  existing  pavement  or  else  to  rebuild 
at  an  early  date  many  millions  of  dollars  worth  of  recently- 
completed  work.    It  is  truly  a  problem  of  the  first  magnitude, 
and    one   requiring   the   deepest   study.     The   only    comment 
which  I  feel  warranted  in  making  upon  it  is  that  with   the 
tremendous  mileage  of  road  necessary  to  serve  the   United 
States,  and  the  desirability  of  keeping  as  many  miles  as  pos- 
sible open  to  all  classes  of  traffic  without  restriction,  it  may- 
be  economic   to   use   lighter   and   cheaper   construction   than 
is  used  in  England,  and  to  limit  all  vehicles  so  that  it  may 
not  be  too  quickly  destroyed. 

The  cosmopolitan  character  of  the  attendance  at  the  ex- 
hibition was  conspicuous  to  a  Britisher;  and,  I  take  it,  was 
fairly  representative  of  large  numbers  of  the  better  class  of 
Americans.  There  were  many  surveyors  and  engineer-  urn 
tractors  in  a  large  way  and  in  a  small  way,  commissioners, 
road  supervisors,  mechanics,  machine  operators,  machinery 
and  materials  salesmen,  and  a  sprinkling  of  students,  as  well 
of  course,  as  many  whose  status  was  not  at  once  apparent. 
But  they  were  all  of  an  earnest  and  energetic  type— the  sort 
of  industrious  folk,  I  thought,  who  have  been  chiefly  respon- 
sible for  making  the  United  States  what  they  are.  They 
wanted  to  know  the  whys  and  wherefors,  and  it  was  inter- 
esting to  note  the  minuteness  with  which  presumable  pro- 
spective buyers  examined  the  machines.  Some  of  them  could 
even  be  seen  going  under  the  machines  regardless  of  con- 
sequences to  their  clothes  in  order  to  observe  every  part  of 
the  mechanism. 

I  attended  only  two  of  the  meetings  of  the  convention. 
Both  of  them  I  found  interesting,  but  neither  as  large  nor 
as  enthusiastic  as  I  had  expected.  In  England  we  have  the 
idea  that  Americans  are  always  eager  for  the  opportunitv 
to  talk  and  to  argue,  but  such  tendencies  were  little  in  evi- 
dence at  the  convention.  Personally.  I  found  the  speeches 
very  interesting,  and  could  but  wonder  at  the  mild  interest 
and  perfunctory  applause. 

In  conclusion  let  me  say  that  I  leave  Chicago  with  a  feeling 
of  time  well  spent,  another  pleasant  recollection  of  American 
hospitality,  and  a  distinctly  increased  respect  for  American 
engineers  and  constructors.  Should  I  be  so  fortunate  as  to 
have  an  opportunity  to  visit  another  of  these  great  road  ex- 
hibitions and  conferences,  I  shall  certainly  avail  mvself 
of  it. 


Culvert  Pipe  Delivered  by  Parcel  Post.— In  constructing 
the  Klamath  River  forest  road  in  California  the  contractor 
found  -the  cheapest  method  of  delivering  culvert  pipe  a  dis- 
tance of  100  miles  from  the  railroad  to  be  bv  parcel  post 


3-Inch  Brick,  Laid  Flat,  and  Asphalt  Filler 
Features  of  Meadville,  Pa.,  Paving 

By  ROY  L.   PHILLIPS, 

<  "    1  ■.       I    ■ 

The  city  of  Meadville,  Pa.,  with  a  population  of  about 
15,000,  has  just  completed  on  of  62,000  sq.  yd. 

of  vitrified  brick  pavement. 

Twenty-live  years  ago  Meadi  icted  its  first  hard 

ced  street,  using  vitrified  brick.  Since  then  a  total  of 
21  miles  of  city  streets  have  been  paved  with  this  same  sur- 
facing material.  The  only  other  pavement  in  the  city  is  a 
stretch  of  0.6  miles  of  asphalt  block.  Of  the  total  of  21 
miles  of  brick,  all  except  about  600  ft.  is  giving  satisfactory 
service  today. 

Despite   this  record   of  excellent  believed   we 

could  do  even  better.     This  summer,  therefore,  we  took  the 
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step  which,  in  our  opinion,  will  lead  us  to  the  desired  result. 
We  supplanted  cement  grout  with  asphalt  filler,  and  laid  the 
brick  flat,  to  the  depth  of  3  in. 

The  type  of  construction  of  the  62,000  sq.  yd.  was  as 
follows: 

Five  inch  concrete  base  of  1:3:6  mix.  3  in.  by  4  in.  by  8% 
in.  square  edge  brick  laid  flat  on  a  sand  cushion,  and  asphalt 
filler.  The  squeegee  method  was  used  and  the  asphalt  was 
applied  at  a  temperature  of  350°  to  390°  F.  Specifications 
of  the  National  Paving  Brick  Manufacturers  Association 
were  followed. 

The  cost  of  the  asphalt  applied,  exclusive  of  the  contrac- 
tor's profit,  ranged  from  a  minimum  of  14  ct.  a  square  yard 
to  a  maximum  of  20  ct.  a  square  yard.  The  contract  price  of 
the  pavement  from  curb  to  curb,  exclusive  of  the  cost  of  the 
curb  but  including  the  grading  and  other  expense,  was  $3  85 
a  square  yard. 

After  the  asphalt  filler  had  been  squeegeed  so  as  to  com- 
pletely fill  the  joints  between  the  brick,  the  pavement  was 
sprinkled  with  sand  and  rolled  with  a  5-ton  roller.  For  the 
benefit  of  those  who  might  fear  the  results  of  rolling  3-in. 
brick  with  such  a  heavy  roller.  I  might  state  that  no  more 
of  the  brick  were  cracked  than  is  customary  where  the  brick 
are  laid  to  a  depth  of  4  in. 

One  of  the  3-in.  brick  streets  completed  earlv  in  the  season 
has  been  subjected  to  the  most  severe  traffic  all  summer 
Hundreds  of  heavily  loaded  motor  trucks,  carrying  stone 
and  other  road  material,  outward  bound,  for  the  improve- 
ment of  a  country  road,  used  this  new  pavement  It  shows 
not  the  slightest  sign  of  injury  or  wear,  and  lives  up  to  our 
utmost   expectations. 

Federal  Forest  Road  Progress.- During  the  fiscal  year  end- 
ing June  30,  1921,  the  advance  in  forest  road  construction 
has  been  greater  than  in  any  previous  vear.  according  to 
the  recently  issued  report  of  Thos.  H.  MacDonald  chief 
U.  S.  Bureau  of  Public  Roads.  In  all  67  projects  were  com- 
pleted or  brought  to  approximate  completion  during  the  year 
totaling  719  miles.  In  addition  59  projei  ts  totaling  690  miles' 
were  under  construction  on  June  3".  The  total  cost  of  the 
completed  projects  was  $5,371,000,  of  which  $3.449  000  was 
Federal   funds. 
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New  Light  Dumping  Body 
a   universal  damp   body   (or  the   Port  one-ton   track   baa 
•  i   brought  out  bj    The   Eagle   Wagon   Works  ol 
-i  -inking  features  ol  the  new  body 

ol  the  maximum  damping  angle,  si ii  and 

ol  operation,  and   the   complete   control   ol  the 
dumping  operation 

body  is  substantially  built  ol  1%-in.  birch      lis  Inside 
dimem  Length   86  In.,  width   4::',    in.  front   depth 


Eagle    Universal    Dump    Body. 

a     reai    depth    17%    '"      The   capacity    is   1  v<    cu.   yd 
water  level  or   l1-   cu.   >d    rounded   measure.     Flare  boards 
and    steel    lined    bottom    come    as    regular   equipment, 
plete  steel   lining  and   coal    chute   door   in   tbe   tail  gate  are 
supplied  '      when    desired.     The    weight    complete, 

includin-     BUD-constructlon     and    dumping    device,    is    about 
700  lb. 

The    maximum    dumping    Bio  With    the    truck 

standing  level  and   the  oody  clearing  the  ground  by  16  in., 

Operation    is   entirely   from   the   seat,   the 

ting   of  a  simple  chain,  lever,  and   ratchet 

.   with   the  addition   of  a  foot  brake   whereby   the   load 

can  be  slowed  up  or  stopped  entirely   at   any   point.      Also   it 

can  be  locked  at  any   point  of  the  dump.     Three  seconds   is 

generally   sufficient    tor   dumping    where   the   dump   is    to   be 

made  all  at  once. 

The  tail  gate  opens  and  closes  automatically,  and  is  re 
movable  without  the  disturbance  of  any  bolts  or  nuts  or 
the  pulling  of  any  pins.  The  floor  board  containing  the 
dumping  del  ndard  size  adaptable  to  any  of  the 

well  known  cabs  on   the  market.     The  wind-up  process  can 
lie  carried  out  in  from  20  to  30  seconds  while  the  driver  U 
making  the  return  trip  after  dumping,   thus  adding   nothing 
er  to  the  time  consumed  in  the  operation. 


Convertible  Plow  for  Heavy  Work 

The  name  "Contractors'  Plow  No.  <;!»"  is  the  name  given 
by  the  Wiard  Plow  Co.  to  a  heavy  ail  steel  plow  which  will. 
as  desired,  turn  a  large  furrow  or  serve  as  a  rooter  of  tnac- 
adani  I    other    hard    material       For    the    Ian 


it    especially    Buitablt     for    use    with    lower    tri 
on    work    too   heavj    for   satisfactory    handling   by   teams;    al- 
though   it    i*   adapted   t"   us<     with   teams   where   the   work   is 
lighter. 

The  weight  with  del  I  '      beam  is  made  of  one 

■   BteeL     The  forged  steel,  33  in.  long. 

i '4    in    wide,  and  reversible  to  give  double  wear.     It  is  at- 

tached    with   tine,,   bolts,   countersunk   to  present  a  smooth 

Burface.     Bosses  on   the   steel    beam    lit    the   countersinking 

.hi    the    inner   side   of   the   point,   thus   holding   it   securely    In 

and   preventing  the     hearing  off  of  bolts.    Both  wing 

and    moldboard    are   made   of   forged    steel — the    latter    extra 

thick  on  the  parts  subject  to  most  wear.     Extras  of  all  parts 

liable. 


New  Power  Hoist  for  Trucks 

\    direct    ami    positive    action    power    hoist    has    been    placed 

iii  production  by  the  Columbian  Steel  Tank  Co.,  ii"."  W, 
12th  St..  Kansas  City,  Mo  In  this  hoist  the  power  of  the 
trcuk's   motor  is  transmitted  direct   from   transmission  take- 


blan   Motor   Motive   Hoist. 


oil    or    propeller   shaft   to    lifting ,  cables    through    clutch  con 
trolled  bronze  worm  and   bull  gear — the  cables  winding  con- 
centrically   over    bull    gear    drum    effecting    ever    increasing 
Iiiation  speed  and  aslng  descent  speed.     A  two 

way.    combination    disc    and    cone-clutch    operating    on    the 
worm   shaft   controls   elevation   and   descent   and    in    neutral 
holds   the   body   at  any   stage   of  the   elevation.     This   hoist 
weighs   400  lb.  complete  with   cables,   lift  arms   and   take  off 
and    mounts   in   a  15-in.   space.     It   is  claimed  to  dump   in   :i" 
Ol    less,  depending  on  the  speed  of  the  truck   motor 
apacity  is  Id  tons,  and   the  dumping  angli 
ore,  according  to  the  hinging  point  of  the  dump  body. 

Miniature   Layout   of   Road    Building   Equipment 
at  Good  Roads  Show 
An   Interesting  exhibit  at   the  Chicago  Good   Roads  Show 

that    Ol    the    Kissel    Motor    Cai     Co       This    consisted    of 


All   Steel  Convertible   Plow. 


Knsel    Motor    Car    Co. 


.     ,  ,  .    ,  Good    Roads   Show    Exhi 

nite  in-iow  the  mold  board  is 

,i  Quarter  Bl  equipment  used  in  road  build 

have     proved   highly   sail  The   miniature   layout    It    shown   in   the   illustration.     On 

lory  for   both    rum  the  skip  end  of  the  mixer,  then  cornea  the  specially 
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designed  turuiublt      Nexl  Is  a  replica  o    om    ol   the  bp 
Kissel   road   builders   trucks,   which    was  aed    and    built 

to  carry  a  S  cu.  yd.  body  divided  for  ;;  Ikii .  i  cu.  yard 

each.    Next  conies  the  Kissel  designed  and  built  .md  patent 
applied  tor  combination  cement  hopper  and  irlng 

under    which    the    Kissel    truck    is   driven    and 
properly  measured  load  of  cement    At  the  right  is  a  Kissel 
designed,    patented    and    built    combination    sand    and    stone 
hopper  and  measuring  boxes  which  dumps  properly,  propor- 
tioned loads  of  sand  and  stone  into  the  :'.   bat 


New  Self  Dumping  Body 

A  new  self-dumping  body  having  rockers  on  the  outside 
instead  of  the  bottom  has  been  placed  on  the  market  by  t he- 
Eastern  Car  .C-  Construction  Co.,  50  ('lunch  St  .  New  York 
City.     The   body   is   designed   for  handling  all   kinds   of  loose 


Easton  Roll-Oven  Dump  Body. 
or  flowing  materials  and  is  furnished  for  use  on  any  make 
of  truck,  including  the  Ford.  It  is  stated  that  it  can  be  at- 
tached in  10  minutes  by  means  of  four  simple  U-bolts,  no 
drilling  or  fitting  of  any  kind  being  necessary.  The  body 
proper  is  made  throughout  of  No.  10  gage  blue  annealed  steel 
plate  with  smooth  welded  channel-shape  reinforcing  around 
the  top.  The  bottom  is  also  heavily  reinforced.  The  sub- 
frame  is  a  stiff,  strong,  amply  reinforced  structure  which 
distributes  the  load  on  the  chassis  frame  and  reinfoi 
There  is  room  between  it  and  the  driver's  seat  for  an  auxil- 
iary body  or  box,  for  tools,  etc. 


Simplifying   the    Setting   of  Slope    Stakes 

The  very  simple  little  instrument  illustrated  herewith 
does  away  with  much  of  the  difficulty  and  danger  of  error 
incident  to  the  common  methods  of  setting  slope  stakes.    In 


Balsley  Slope   Level. 

essence  the  instrument  in  a  board  carrying  a  level  bubble 
mounted  on  a  swinging  arm,  adjustable  to  points  on  an  arc 
to  give  the  board  any  desired  slope  between  horizontal  and 
1  to  1.  *As  sold,  it  consists  merely  of  a   5-in.  by  7-in.  metal 


platl  carrying  the  adjustable  arm,  level  and  arc  The  plate 
is  attachable  by  screws  to  any  board  The  arc  is  provided 
with  holes  for  slopes  of  3  to  1.  ;  to  !.  I1-  to  1.  1  to  1  and 
level;  and  the  arm  is  held  as  desired  at  any  of  these  points 
by  the  engagement  of  a  short  pin  in  the  proper  hole. 

The  instrument  is  known  as  the  Balsley  Slope  Level  and 
is  manufactured  by  the  David  White  Co,  908-916  chestnut 
st      Milwaukee,   Wis. 


Automatic    Device    for  Securing   Clean    Dump   of 
Wet  Concrete 

A  new  device  for  handling  wet  concrete  mix  in  dump 
bodies  has  been  brought  out  by  the  Anthony  Co.,  Streator^ 
111.  It  is  claimed  that  this  device,  patents  for  which  are 
pending,  cleanly  seems  the  sides  and  the  bottom  ol   the  dump 


The   "Scooperout"  for   Securing   Clean   Dump   of  Wet  Cement. 

— every  time  it  is  unloaded — no  matter  what  kind  of  sticky 
material  is  hauled — and  cleans  itself  as  well  when  forcibly 
strikes  specially  arranged  shock  stops  at  the  body's  end. 


Road    Show    Exhibit  of  Equipment    Direct    from 
the  Job 

An  innovation  at  the  recent  Good  Roads  Show  at  Chicago 
was  the  display  of  equipment  which  had  seen  actual  service 


on    the    construction     job.      The 
shows  one  of  these  exhibits. 


accompanying    illustration 


Progress  of  Federal  Road  Construction.  A  synopsis  pre- 
pared by  the  U.  S.  Bureau  of  Public  Roads  shows  that  up 
to  Dec.  31.  $212,077,246  had  been  put  to  work  in  projects 
either  entirely  complete  or  under  construction.  To  match 
that  amount  the  States  appropriated  $285,379,312,  making 
a  total  of  $497,456,558.  The  total  mileage  of  roads  under 
eonstruction  and  completed,  the  department's  records  show, 
was  approximately  27,000  miles.  Of  this  mileage  9,555  miles 
was  in  projects  entirely  completed.  The  balance  of  17,445 
miles  was  in  projects  which  were  still  under  construction  but 
reported  69  per  cent  complete  October  31.  In  those  projects 
there  was  the  equivalent  of  12,000  miles  of  completed  roads, 
so  that  the  completed  road  to  date  was  more  than  21.000 
miles. 
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New  Engine  for  Construction  Equipment 
The  Le   Rol  Co    ol  Milwauki  •  .  j    dutj    en 

innounced  oe  at   the  Chicago 

Good   i 

reloptng   from    i   to  8   HP.     tt  is  the 

and   2  cyllndei     and    with   ;i   3%-ln. 

bore  ami  a   I1.-  in.  Btroke      in  designing     b  Hie  Le 

prominently  In  mind  thi  dependability 

mosl  Important  feature  ol  an  engine  that  is  to  be  used 

uipment     Because  the  Btandard  4-cyllnder 

ch  extremely 

torj    results,    the    Bami  tics    and 

r  In  the  two  that   are  (ound  In  the  four.     For 

-7   per  cent  ol  the  parts  used  In  the  2-cyllnder 

In   the   ^-cylinder  engine      Tins   eliminates 

production  problem  tbles  the  company 


New   Le   Roi    Engine. 

to  market  an  engine  at  an  extremely  favorable  price.  One 
very  novel  feature  ol  this  engine  is  the  fact  that  the  drive 
may  lie  taken  off  at  three  different  points  on  the  engine. 
This  drive  can   lie  taken  off  at   either  the  front  or  the  rear 

me  speed.  However,  if  slower  speeds  are  desired,  the 
drive  is  taken  off  hall  engine  speed. 

This  reduction  is  obtained  through  machine  cut  steel  gears 
operating  in  a  bath  of  oil  and  the  drive  shaft  is  mounted  on 
ball  bearings  which  insures  dependable  operation.  The  en- 
gine may  be  furnished  completelj   equipped  with  all  accesso- 

•  hiding  fuel  tank,  radiator,  fan  and  fan  belt,  and  in 
fact  everything  ready  to  run.  It  is  fully  enclosed  so  it  may 
be  operated  on  equipment  without  the  necessity  of  building 
a  house  over  it.  Equipped  and  enclosed  in  this  manner  it 
only  weighs  325  lb.  This  engine  also  may  be  purchased 
without  accessories  and  other  equipment  and  in  this  condi- 
tion the  engine  only  weighs  260  lb. 


New  Track  Laying  Tractor 

A  new  tractor  with  track  runner  traction  has  been  brought 
out   bj    tie-   Avery   Co.,    Peoria,  111.     This   tractor  has   a  draw- 
ing of  three  14-in.  mold  hoard  plows  or  five  disc  plows 
at  a  speed  of  2  66  miles  per  hour,  with  motor  at  1,000  r.p.m.   It 
has  a  length   over  all   of  9   ft.   and   a   height   of   58   in.     Its 
■   without  frei  lb.     The  motor  is  a  4- 


tyne,   Avery   made,    with    l-in.    bore. 
crani  three  speeds 

miles    per    hour.  ,    2%    miles 


and  high  3tt  mil.         |  ..   runner  has  a  length  ol   164 

ds  are  >>',    In    wldi       THe   regular  traction  lugs 
and  10-ln.  l%xlH  angh  loi    Li    ■:      maj   he  used 

io  meet  extreme  sand  or  mud  conditions. 


Industrial  Notes 

,     ^,m:  ,0rd  !  .  ,   Jcewood  Bngi- 

'  "•  '  leveland,  ...  I     ,  ..,.   Io  ated  at  jitis  Lab 

The  Portland  Cement  Association  announces  the  opening  of  two 
;':"  '''  orth  High  s.  .  BostSn,  wfthL  T 

1001   Finance  Bids     riiii-,' 
1  hlla- 

l'deisf,eiV-?TvP,uy-     "",     ' 

■  ii  .  formerly  manager  ..i   sales  In 

-     .  I   Co    .-.ml   T, 

in  Hi.-  capai  ' 

Bucyrus    Co.,    SouM  Northwestern    «nl»« 

;"n'V"!  Tr  "■■■■'■  SpSn" 

M",     i  ".•    i-           •"'■'  succeeding 

1     Ru88'  ',-  who  ha  ice  with 

"Pany-,    Mr     H  Aen&e- 

Saperlo3  of  six"  ve'n"-''"'y  "'  ""  '"''■                                        "<■'*  f°r 

Parsons  Co.,  m  hlnery. 

aSHshed,a  "  ;'1"  Rallwaj    Exchange  Bui  Stag 

Kansas  ■  Ity.  Mo     J    I  ,      ^ 

on  also  has  i  .   i  \Mih 

t,   Philadelphia.   Penna.,  who  will 

sell   Parsons  ei imei  Atlanta   Machinery 

Co.,   9Uii;   North   Forsyth  Man- 

ager, will  market  Parsons  equipment  in  the  southeastern  territory. 
D.   b.   Frisbie  of  a  ■ ,  has  been  given  the  responsibility 

of  developing  a  larg.  ilzation   throughout  the  south  i,."r 

III  ,    manufacturers    of    B-G    portable 
belt  conveyors  and  B-G  offices 

at  90&  N.  Forsythe  St..  Atlai  ta,  G  l.     Thi    following  southern  sales 

itions  are  under  his  direction:     General   Utilities  Co     Nor- 
'"";-    x  '  Spai  t.inburg    S    C  • 

A.  B.  Moore,  Jr.,  Savai  I    ma     dachy.   ,\    Supply  Co, 

Montgomery,   Ala.;    J.   D.  Birmingham,    Ala.;    Wilson, 

Weesner  &  Co..  Naahvllli     Teni       Dealers  Coal  .Mining  Co 
ville,    Tenn.;    K    W.    Price,    Tampa,    Fla.;    Hlggins    &    Wormington. 
New    Orleans,    La.;    A.    M.    Lockett    Co.,    New    Orleans.    La.      More 
representation  probably  will  be  added  In  the  near  future. 

The   Marsh. Capron   Co..   Chicago,   manufacturers  of  the  Marsh- 
Capron    line   of   construction    i  .|unuii.-nt,    are    again    taking    up    the 
ting   of    their    products     •  Robert    C.    Weller, 

former   general   sales   m 
has   been   elect  and    will   ha  i 

newly  organized  company.  Although  the  Marsh-Capron  Co.  has 
been  manufacturing  and  selling   mixers  sine.    1905,   for  the  past  two 

heir  output  has  I  ■  hrough  an  outside  sales  organiza- 

tion.    H.    M.  Capron,  found.  Ifarsh-Capron   Co.,  and  A.   D. 

engin.-er  in  chart.-.  md    prod 

tive  interest  in   the  new   ori  ation.      In    addition    to   the    Marsh- 

Capron  family  of  concrete  mixers,  the  company  will  market  mor- 
tar mixers,  wheelbai  1 1  .-.  ■  rs.  sidewalk  forms, 
curb  or  curb  and  gutter  forms  wall  forms,  bar  benders  and  cutters, 
floor  finishing  machines,  clamshell  buckets,  etc..  through  its  fac- 
tory and  general  distributing  warehouses  and  agencies  at  Chicago, 
Philadelphia.  Pittsburgh  and   elsewhere. 


Trade  Publications 


rest    to   engineers   and 

v: 

Circular  illus- 


The    following   tra.i 
contractors  have  been 

Automatic  Dump  Body.-  Mandt  Co..  Keokuk,  la. 
trating  and  describing  various  types  of  .lump  bodies. 

Graders. — J.   D.  Adams  •>,    Co.,    Indianapolis,   Ind.     Circular  illus- 
trating and  d<  lams  adjustable  leaning  wheel  graders. 
Form  Grade-  224    W.   Huron   St.,   Chicago,   111. 
Circular    describing    n.-«     machine    for    preparing    grade  "for    road 
forms. 

Street  Flushers.— Tillln  Wagon  Co .,  Tiffin,  O.  Circular  contain- 
ing illustrations  of  1 1  Tiffin  motor  driven  combination 
power  But  h<  i  B  •--.■■  m  d  bj 

Asphalt     Paving     Machie-  Asphalt    Co.,     Land     Title 

Bldg.,    Philadelphia,    Pa       F  devoted   to  Iroquois  asphalt    mix- 

ing plants,  steam  mi  ll  and  rollers. 

Steel  Forms. — Heltsi  I  I.  An  lllus- 

bulli  Steel   Forms   Talk."   setting   forth 

in  an  amazing  i  ms  should  be  used. 

Motor    Trucks,— Titan    Truck    Co.,    Milwau  rcular 

ling,    in    addition    to  matter    and    specifications, 

ti.nis  of  various  Jobs  on  which  thesi    trucks  were  used  during 

the    past   season.     Man]    Inl  slruction    installations  are 

shown. 

Motor  Trucks. — Aul  Booklet  devoted  to 

the  use  of  this  trucks  In  highway  work     Contains  a  list 

ractors  owning  these   trucks.      11  line  drawings 

shewing  truck  dimensions  and  numerous  illustrations  - 
bighwa  n  Jobs. 

Concrete  Mixers.     Foots  chlnerj    Co.,   1241    U 

o,  in     An  ■  xcelli  i.i  devoted  to  the 

road    pav<  >  md    numerous 

is.  including  line  drawings, 
giving  dimensions.     Tl 

-    being  used. 
Bucket    Loaders  on    Road    Woo  Co.,    510   West 

Park   Ave.   Aurora,   m      B  ng   the   many  new  appli- 

i  of  Barber-Greene  lo 

riptloi 
each  case  the  methods  u  ■  rlbed,   the   labor  organization 

...   and   the  averagi    n        m       mum  daily   yards 
Th itllni  Ith   thi    lelp  of  contractors 

i        ..  .       : 

i    w  ith    the    ofl  'i-  tors    or   engl- 

I..   work     The  I klel  drawings  ahow- 

i   and   numeroui    hau 
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The  Expert  Witness 

It  must  be  acknowledged,  however  regretfully.  Uiat  the 
expert  witness  does  not  hold  a  position  of  the  highest  esteem 
with  the  public,  and  it  must  also  be  admitted  that  this  con- 
dition is  in  large  part  due  to  the  ill  advised  efforts  of  certain 
members  or  pseudo-members  of  the  professions  from  which 
the  witnesses  are  drawn.  On  the  other  hand  there  are,  as 
we  believe,  certain  misapprehensions  even  among  engineers 
as  to  the  proper  purposes,  functions  and  limitations  of  the 
expert. 

An  example  of  this  occurred  in  a  paper  read  last  .Inly  before 
the  North  Carolina  Society  of  Engineers  by  Mr.  C  E.  Wad 
dell,  from  which  we  quote  as  follows:  "What  should  be 
the  attitude  of  the  expert  witness?  Abolish  him  is  my 
personal  view.  From  my  own  experience  I  have  con- 
cluded that  the  'expert  witness,'  whether  he  be  engineering, 
medical,  or  whatnot,  is  not  worth  the  time  he  consumes  be- 
fore a  jury.  The  expert  witness  is  biased;  both  litigants, 
the  judge  and  jury  recognize  this  fact  and  make  allowance 
therefor.  The  expert  witness,  in  my  observation,  is  perfectly 
honest,  and  his  views  are  not  distorted  by  his  client's  case, 
the  client  has  sought  and  retained  an  expert  who  agreed  with 
him.  hence  the  presence  of  the  witness  Let  us  seek  the 
co-operation  of  the  judiciary  and  the  bar  and  endeavor  to 
have  expert  witnesses  selected  by  the  court,  to  be  the  adviser 
to  the  court  and  as  disinterested  a  party  as  is  the  judge  or 
the  jury.  Possibly  the  first  step  would  be  to  continue  present 
practice  and  merely  add  the  court's  adviser.  Eventually 
the  present  practice  could  be  superseded  and  the  ex  parte 
witness   abolished." 

We  admit  the  charge  that  few  experts,  however  honest, 
are  entirely  free  from  bias  in  favor  of  their  employers.  The 
honest  expert,  however,  will  testify  only  to  what  he  knows 
or  to  what  he  believes;  and  in  the  latter  case  he  will  leave 
no  doubt  that  he  is  testifying  to  opinion  rather  than  to  fact. 
Concerning  demonstrable  facts,  therefore,  even   though   they 


be  complex,  there  should  be  little  disagreement.  That 
this  not  only  should  be  but  often  is  actually  the  case  our 
own  experience  has  proved,  for  we  have  on  numerous  occa- 
sions reached  a  complete  agreement  with  opposing  witnesses 
on  a  large  part  of  the  most  important   issues  of  a  case. 

Mr.  Waddell's  suggestion  for  the  employment  of  experts 
by  the  courts  has  its  merits  but  is  not  a  panacea — for  one 
reason  because  of  the  difficulty  of  finding  any  man  absolutely 
free  from  bias;  and  secondly,  as  we  believe,  because  every 
litigant  should  be  permitted  to  seek  and  to  present  all  evi- 
dence whatsoever  that  bears  upon  his  case. 

Litigants  in  technical  cases  often  themselves  fail  to  find 
important  facts  pertaining  to  their  cases  or  to  draw  correct 
conclusions  from  facts  found;  and  to  us  it  appears  obvious 
that  there  is  far  greater  danger  of  outright  omissions  when 
the  contestant  has  no  personal  expert  to  perfect  his  case 
than  where  such  services  arc  provided.  The  fact  that  it 
would  be  the  duty  of  the  court's  expert  to  bring  to  light  every 
pertinent  fact  is  not  a  guarantee  that  the  facts  would  be 
found.  The  court's  expert  would  almost  of  a  certainty  lack 
the  eagerness  of  the  contestant's  witnesses  in  seeking  for 
data,  and  it  is  scarcely  thinkable  that  he  would  be  as  effi- 
cient or  as  successful  as  they.  In  fact  the  doing  away  with 
partisan  witnesses  has  much  in  common  with  the  doing  away 
with  partisan  attorneys — a  procedure  which  we  have  not 
heard  seriously  suggested. 

Obviously  in  cases  of  conflicting  testimony  the  Court's  own 
witness  would  be  of  very  special  value.  Still  more  valuable, 
probably,  would  be  his  services  as  technical  advisor  and  con- 
sultant of  the  court;  and  until  technical  courts  are  established 
for  the  trying  of  technical  cases  such  an  arrangement  will 
probably  afford  the  best  results  possible.  While  the  employ- 
ment of  another  expert  would  add  considerably  to  the  cost  of 
cases,  the  advantages  to  be  gained  would  probably  much  more 
than  offset  the  extra  expense.  Furthermore,  the  neutral  ex- 
pert might  well  co-operate  with  the  partisan  experts  in  saving 
considerable  duplications  of  work,  thus  offsetting  a  substan- 
tial part  of  his  added  expense. 

(25) 


124 


g   and  Contracting   foi    February  8,    1922. 


M.i                    .  •          i     q      i       .  •                     £     P     LI"  '"""  '""'  ,l,:lt   Pretentious  hut    uneconomic   projects  are  much 

ainematicai    OOlUtlOnS    Or    rUDIlC  ,„,.,,    1 1 K .  i>-  to  be  undertaken;    bul   these  circumstances  are 

Dwn(»r«hin    PrnKLmc  neither  invariable  nor  unavo  table     We  therefore,  for  present 

wvYiicisuiM    i  ruuicuis  purpo  e8   11S|,  t|l(.  glmple  ,     ,    .,.  eQUa]  plant  C0Bt8     ,f   ,n  a 

The  economic  choice  between  public  and  private  ownership  particular  Instance,   there   i     valid   reason  tor  considering  a 

of  a  public  utility  can  sometimes  be  determined   mathemat  dlfterenci                                 ich  difference  can  be  recognised 

icallj       in   other   rases,  although,    positive   solutions   appear  in  the  calcu'atlons. 

•      mathematical    studies    will    often    provide  uteres)   paid  by  the  public  will  be  taken  at  5   per  cent; 

Interest   and  fair  return  on  a  private  plant  will  total  8  per 

-   Indications  to  supplement,  or  even  to  take  the  place  ,.,,„,     T.,.    .  ,,„  ,,,,,,       ,     ,           „,♦.    ,  ,        .,         , 

cent,      taxes  on  the  private  plant  are  omitted  from  the  calcu- 

of  th<                           thode  usually  employed.    General  appre-  latum    as    merelj    passing    through    the    corporation's    hands 

ill  go  far  ti                     ing  the  most  from  its  customers  (a  portion  of  the  public)  Into  the  public 

beneficial  results  In  sucb  cases,  toward  simplifying  and  expe  treasury.     In  Case    \.  the  annual  operating  expenses  of  the 

decisions    and    toward    the    elimination    of    useless  prt™t61pl^!   Bre   ?"•"""    ;""'    "    la   eetimated,   though   not 

positively    known,   that    undei    public   operation    the  expense 

would  be  $45,000.    Also  it  i  hat  1     no  reasonable 

In  our  last                     oer  21,  1921,  ive  commented  upon  the  chance  will  the  expense  of  public  operation  exceed   $66,000. 

Of    its    better   position    as    a    borrower,    the  The  annual   C08l    Of   the   private    plant    is   then   as   follows: 

public  can  usually  finance  the  cost  of  property  more  cheaply  F:lir  Heturn    $1,000, i   al    i    per   cent      $  80,000 

than  can  the  private  corporations;  but  that  on  the  other  hand.  Operating    Expense   35,000 

public    operation    is    usually    more    COStlj      often    very    much  Total                                                                            <it- 

more  costly-   than  is  private  operation,  and  no  experience  of  . .     ,        . ,               .                                     "               ,         .     , 

I  nder  the  wore)   conci    rabid  conditions,  the  city's  annual 

which  we  have  a  record  has  developed  means  tor  overcom  . ,,  ,    would  be: 

ing   this   general   inferiority.      Rarely   an    apparent    exception  ,,,-    ,,         .  , .   .-,„ 

appears  when  a  new  superintendent  takes  charge;  but  almost  Operating    Expense  55.000 

always   the   "new   broom"   either   loses   its   efficiency   quickly  

or  is  thrown  out  of  office  on  account  of  politics.    Our  sugges  '",a'  $105,000 

tion  on  December  21  was  that  a  combination  of  public  owner-  1"1<!m  ",is  "   is  l'vi'1""   ' '' "   "'"  customers  will  be  saved 
.,                                          ...                     ,                                     .at  least  $111,000  per  year  through  municipal  ownership  of  the 

ship  and  private  operation  might  afford  the  best  solution  of  plant   an„  „  expectation    are  reallzea  they  will  save  $20,000. 

the   problem,   and   should   be   given   consideration.     Such   an  There  remains  no  reasonabb    question  of  the  desirability  of 

arrangement,     however,     would     take     time     to    develop,     and  municipal   ownership. 

would    require   testing.     Decisions    in    many   cases   could    not  in  Case   1!  consider  a   utilitj    of  a  different  class,  having  as 

wait   tor   the  complete   development    of   a    system      much    less  In   the  first  case,  a  plant    cost   of  $1,000,000  but  on  operating 

upon  the  outcome  of  an  experiment— whence  the  present  im-  expense   of   S100.000   under    private   operation,   a   prospective 

portance   of  the   u                   <  ■■    possible  assistance   toward    a  expense   ol    $150,000  under   public  operation,  and  a   possible 

wise   choice   between   the   private   corporation   and   the   public       maximum   of   $200, indei    the   same.     The   annual   cost   of 

as   both  owner  and  operator.  the  private  utility  is 

In  any 'given  case  there  can   be  reasonably  accurate  pre-  pair  Return  $1,000. at  8  per  cent $  80,000 

determination   of  the   Interest    rate   which   would  he   required  Operating    Expensi  ion, 

respectively  of  the  municipality  or  of  the  corporation   upon  : 

the  investment   in  plant   property.     As  a  convenient  and  rea-  Total   $180,000 

sonable  illustration  let  us  say  that  the  city  can  yet  the  money  ,-„,,,.,.  :mtk.ipate(1  conditions  of  public  ownership  and  oper- 

at  d  per  cent  and  that  the  company  will  probably  be  granted  ation   „„,  cos(.  wolllll   De 

a  fair  return  rate  of  8  per  cent  to  cover  both  interest   and  .,„„„„«»          -                                         . 

profit  Interest    ?1. p.-r    cent $50,000 

,,'_..  .       ..  ,  .      ,     .  Operating    Expense    150.000 

If  operating  expenses  under  the  two  classes  of  administra- 
tion could  be  determined  with  the  same  certainty  as  interest,  ,                                                                                S9nn  nnn 
most   of  the   problems   would   be   completely   and   accurately 
soluble.     As  it  is.  it   is  often  difficult  to  get  any  satisfactory  Under  the  woi                              would  be: 

comparison  whatever  between  the  two;   while  under  the  most  Interest    $1,000,000   at    5    per    cent $  50.000 

favorable   circumstances  approximate   comparisons   only   are  Operating   Expense    200,000 

possible. 

Street  railway  properties  present  the  worst  cases,  for  their 

operations  are  the  most  complicated  ol  all  the  utilities,  and  Tnia  case  Involves  an   anticipated  lot                                  ear 

there  are  so  tew  under  municipal  operation  that  it  would  he  through  municipal  ownership,  and  a  possible 

exceedingly  difficult   for  most  cities  to  find  a  case  of  public  '""'■    ";    the  "N"'"    th:"    ""    l"'1'1"    '  ;l"   '"""•'"     "-   i'1;"]<    """ 

operation  under  operating   condition  jimilar   to    Its      $130,000  per  annum,  will   it   reach  a  stay equal 

own.     Gas  plant  operation  is  simpler,  and   in   some  localities.  "'  that  of  private  operation.     Its  annual  cost   would  then  be: 

throughout  the  country  Interest  $1,000,000  at       pet    cent $  50, 

•    are   few   opportunity  Operating   Expense  130.000 

parison.      Municipal    electric    light    and    power    systems    are  

commoner,   and   careful    search   and   analysis    will    often  Total      $180,000 

bring    out    very    reasonable    comparison.       Municipal    water  \\  the  citj   can  lower  it     expenses  still   further  it  will  save 
work                                            all  and  also  the  simplest   and  „,. ..                   ictlcal  limit        thi      aving  being  that  resulting 
cheap.                    tlon     For  satisfactory  comparison  and  esti-  from  an  operat                                        r  than  the  private  ex- 
mat.-  it   Is  necessary  to  have  record     ol    public  and   private  pet                     -aid  Involve  an  annual  saving  of  $30,000. 
plants  in  commut.                       what  similar  populations,  area,  |                              ,    B     Municipal  ownership  and  operation 

physical   condition*   and  business  conditio  Involve   an    anticipated    loss    ol    $20, a    possible    loss   of 

erworks  are  m                    ubject   to  ac  $70,000,  and  a  pi                    tig  of  $30,000  per  annum,     rnder 

partly  becaun  cumstances  the                       ble  pollcj   Is  t"  keep  to 

publicly  and  privately  operated  plant-,  inn  private  operation. 

proportion  ol  What  is  her,.  Illustrated  U   only  an  outline.     In  any  uivn 

In   this   i  I                                 than   In   an;  ,!  :i"  the  factors  and 

and   the  calculations   would   of  necessity  ha 

:  which  is  $1                                public  or  prlval m  complicated      But  the  approach  to  municipal  ownership  prob- 

This  i  that  need  li  lems  on  such  a  scientific  basis  will  work  far  mor lonomlc 

tei  to  the  pub  settlements  tor  all  concerned  than  do  the  usual  hot  air  po- 

iii.ii.-  r.,in  lltical  methods, 
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Construction  Features  of  Hartebeest- 

poort  Dam  of  South  African 

Irrigation  Department 

The  Hartebeestpoorl    Dam   is   tii il  tion    scheme 

of  any   size   !  ed   uul   depart bj    the   South 

African  government  Itself  at  the  present  time.    The  dam  is 
located  In  a  poort  In  tin-  Magallesberg  Flange  through  which 
the  Crocodile  River  cuts  its  way  about  25  mile     trom    Pr< 
toria  on  the  Rustenburg  Road.    It  is  being  built  by  the  Union 


View  of  Work  Taken  Sept.  8,  1921. 

Irrigation  Department  for  the  conservation  of  irrigation  water 
and  will  feed  two  canals  approximately  30  miles  long,  one 
on  each  bank  of  the  river,  supplying  water  to  30,000  acres 
of  excellent  land,  of  which  2/3  is  owned  by  the  government. 
We  are  indebted  to  the  South  African  Irrigation  Depart- 
ment for  the  following  details 
regarding  the  construction  of 
this  dam: 

General  Features  of  Dam. — 
The  dam  is  of  the  constant 
angle  arch  type  and  will  have 
a  total  height  of  198  ft.  above 
lowest  foundation  where  it  is 
7U  ft  thick.  The  depth  from 
bedrock  to  river  bed  level  va- 
ries from  25  to  35  ft.  The 
width  of  the  poort  at  river 
level  is  150  ft.,  but  '  the  crest 
length  of  the  dam  will  be  450 
ft.  with  a  width  of  15  ft.  over 
which  the  main  road  to  Rus- 
tenburg  will  pass.  At  the 
crest  the  radius  of  the  arch  is 
225  ft.  to  the  downstream 
face. 

On  the  left  flank  a  trough 
spillway.  125  ft.  wide  on  the 
line  of  the  dam  and  415  ft.  long, 
is  being  excavated  to  deal  with 
the  maximum  probable  flood; 
the  spillway  will  be  bridged  to 
carry  the  main  road  from  the 
dam. 

The  flow  of  the  Crocodile  at 
the  poort  varies  from  40  cu- 
secs  in  the  winter  to  200  in  the 
summer,  with  floods  up  to  12,- 
000  cusecs  fairly  frequently 
and   as   high   as   140,000    cusecs 

on  occasion.  As  winter  floods  are  rare  and  have  seldom  ex- 
ceeded 600  cusecs,  the  diversion  works  were  designed  to  cope 
with  that  flow  during  the  low-flow  period  from   May  to  Sep- 


tember,  large  floodf   being  unknowi  i 

Work  is  being  carried  out     ill  n  Ij   by  white  labor  and  was 

Commenced  in  1918  when  a  light  railway,  V  miles  lung  was 
laid   From   tlie    Winks   to    Kills   West,  a    siding  on   the   l'retoria- 

Rustenburg  line.  At  the  same  time  quarters,  offices,  work- 
shops ami  |  ewer  plant  were  I;  Id  out.  Lack  of.  working  space- 
in  the  poort  led  ie  tie-  a  i..  Hi.  power  and  two 
Bellis  and  Morcom  sets,  with  id  later  as  a 
standby.  suppl\  power  at  2,200  volts  which  is  transformed 
dow  11   In  ."am   volts   lor  use. 

The  Coffer  Dam.  -To  enable  the  work  ol  placing  the  foun- 
dation! tn  he  accomplished  in 
the  drj .  two  i  an  ed  concrete 
dams  were  started.  After 
the  upstream  dam  was  com- 
pleted by  divers,  it  was  discov- 
ered that  solid  rock  had  not 
been  reached.  The  downstream 
coffer  dam  was,  therefore,  car- 
ried down  to  boulders  only.  A 
second  diversion  rockfill  weir 
was  built  above  the  upper  con- 
crete diversion  dam.  It  was  de- 
cided to  tunnel  through  the 
right  bank  and  completely  di- 
vert the  river  through  the  tun- 
nel. The  tunnel  which  is  240  ft. 
long,  12  ft.  wide,  and  6  ft.  deep 
with  a  grade  of  1  in  200,  was 
worked  from  both  ends,  the 
headings  meeting  after  6  weeks. 
The  river  is  led  into  the  tunnel 
from  the  rockfill  diversion  weir, 
by  a  short  concrete  approach 
flume  also  12  ft.  x  6  ft.  ana  at 
the  outlet  another  short  length 
of  concrete  flume  delivers  the 
water  into  a  corrugated  iron 
flume,  supported  on  timber 
piles,  which  takes  the  water  well  clear  of  the  site. 

The    Diversion    Weir. — The    construction    of    the    diversion 
weir  was   commenced   early   in   May,   1921,   when   the   tunnel 
and   most   of   the   inlet   and   outlet   fluming   was   almost   com-  ' 
plete.     Nine   in.   x   3   in.   planks   were   driven    into   the   sand 


The   Concrete   Mixing    Plant, 
and  gravel  to  form  close  piling  which  was  backed  by  rock- 
fill and  faced  with  a  clay  blanket  which  was  carried   60  ft. 
upstream  along  the   river  bed   to  reduce  seepage. 
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The  rivei  was  diverted  enttrelj  ,>n  Maj  -i  and  exes 
d  In  earneBt  The  leakage  through  the 
weir  was  Inconsiderable  and  easll]  deal)  with  t>\ 
in.  centrifugal  pump,  a  10  In.  Band  pump  was  Installed 
tandbj  inn  was  oever  called  Into  use.  By  this 
date  a  commencemenl  had  been  made  with  the  erection 
of  the  concreting   plant 

During   this   critical   period,   labor   troubl  il    their 

worst    and    at    times    the    wastage    exceeded    the    supply    of 

labor     The  men  were  re  live  and  unsettled,  and   tiiis 

unrest    held    the    work    up   considerably    and    threw    a    large 

burden   ol  unproductive  overtime   upon   the   si  a  ft. 

The    material    in    the    river-bed    was    mainly    sand,    gravel 
being  reached  al  a  depth  ol   15  to  20  ft  .  although  under  the 


View  Taken  Sept.  8.    Thickness  of  Dam  at  This 

left  bank  a  number  of  boulders,  ranging  in  size  up  to  30 
cu.  yd.,  had   to  be  broken   up  before   removal. 

The    Excavation. — Before   the   diversion   of  the   river   some 
preliminary   excavation   of   sand    was   done   by   two   6-in.   sand 
pumps    mounted    on    barges.      Just    prior    to    the    closure    of 
the    diversion    weir    one    of    these    pumps     was     moved     up- 
stream, but  the  other  was  left   to  assist  in  the  dewatering 
of  the  foundations,   sinking   with   the   water  surface   until  it 
eft   high   and   dry   at    the   i 
\   5  ton  ci                 ■    ■  cted  on  each  bank  to  command  the 
t    portion    of    tl xcavation      Grab    buckets    of    2  3 

Etcity  were  used  with  these  cranes  for  a  short 
time  but  it  was  found  the  cranes  would  not  stand  up  to 
the  heavy  work  and  a  graded  wire-rope  haulage  which  was 
Installed     subsequently     successfully     dealt    with    the    8,000 

CU.    yd.    Ol     material    thai  Oved        The    material    was 

all  lifted   by   band   Into  "Cocopans"  and   run   i.mi 
maximum   weekly  output   being  _.:;<im  cu.  yd. 

o  6-ln.  centrifugal  pumps   (additional  to  the  s  in.  pump 
!    the    weir)  tailed    to    keep    the    excavations 

dry  from  the  seepage  Which  cane-  back  I  mm  the  rlvei 
below  the  lower  Coffer  dam.  These  were  successful,  al- 
though the  Dculty  encountered  was  to  keep  the 
sumps  belo  ival  Ion.     By   the 

middle    ,,f    July    rick    Wfl  over    the    whole    area        It 

earn)    quartzite,  the  bedding  planes  dipping 

^■proximately    20  [I     Is     rather 

■i.mks.   but    generally   good   on   the   bottom 

except   for  some  dykes   of   basic    igneous   rock  -lamprophyre 

remarkably    rapidly,    and     some 

were    followed    up    and    thoroughly    cleaned 

commenced      The    major    portion 

required    very    little    stepping    except    on    the 

i    bbing  i  Dncrete    n  as 


placed  A  'cutoff  trench.'  6  ft.  wide  and  from  .">  to  10 
m    deep   was   excavated    light   across  the   poort  just  at  the 

UP    '  i  •  mi    face    ol    the    dam    wall. 

on  Julj  29th  work  was  sufficiently  advanced  to  com 
inence   placing   concrete 

It  had  been  found  impossible  to  erect,  in  the  short  time 
available,  the  concreting  plant  in  such  a  position  as  to 
command  the  dam  during  its  whole  construction,  and  in 
order    to    bring    the    wall    above    river-bed    level    during    the 

short     period    before    -  urn r    floods    could    be    expected,    a 

purely  temporary  layout  had  to  be  adopted  on  the  right 
bank  low  down  in  the  poort  itself  at  a  height  just  suffi- 
cient   to   command   the   wall   up  to   the   required   river  level. 

A    quarry    was    opened    at    the    back    Ol    B    large    boss    of    rock 

known  locally  as  the  "Pimple" 
from  which  the  rock  was  al- 
lowed lo  i. .11  down  the  hillside 
for  tramming  to  the  crushers, 
whence  a  conveyor  belt  raised 
it  to  th.  main  bins  above  the 
mixers. 

Sump  Method  of  Securing 
Sand  for  Aggregate. — Sand-col- 
lection  proved  a  difficulty  at 
first,  hut  the  problem  was  solved 
by  a  method,  which,  at  first  in 
the  nature  of  an  experiment. 
was  found  to  work  wonderfully 
well.  A  sump,  consisting  of  a 
Bection  of  4  ft.  diameter  con- 
i  i  ping,  was  sunk  close  to 
the  spoil  dump  of  the  sand  re- 
moved from  the  excavation.  The 
suction  pipe  of  a  6  in.  sand  pump 
was  inserted  into  the  sump  near 
the  base;  water  was  syphoned 
into  the  sump  through  a  6-in. 
pipe  from  the  adjoining  flume 
and  sand  w  a  s  shoveled  in 
through  a  screen.  The  pump 
delivered  the  sand  through  some 
600  ft.  of  piping  to  a  sandbag 
dam,  near  the  mixing  plant 
where  the  water  was  allowed  to 
drain  off.  From  this  dam  the 
sand  was  lifted  by  cranes  to 
temporary  storage  bins  of  150 
Level  Is  60  Ft.  r|]      y(|     capacity,    when     it     was 

trammed    to    the    main    bins. 

Cement  was  brought  to  the  bins  by  a  one-ton  cablewaj 
from  the  main  store  on  the  left  bank.  This  cableway  was 
also  of  value  for  the  general  transport  of  materials  to  the 
river  bed. 

The    Concreting    Plant.— The    concrete    mixing    plant   is    in 
two  complete  units,  each  consisting  of  rock,  sand  and  cement 
bins  from  which  the  materials  run  through  rates  into  adjust- 
able  measuring    boxes    from    which    thfty    pass    to    the    mixer 
through  a  chute.     The   gati      from   the  measuring   I" 
the  chute  are  operated  by  compressed  air 
As  the  materials  pass  into  the  mixer,  of  1  cu.  yd.  capacity,  a 
ned  quantity  of  water  is  added.     The  mixers  tip  direct 
mi,,   l   cu.   yd.  capacity  cocopans  which  are  hand  trammed  to 
the   wall.     All    the   concrete    was    placed    by   the   two 
cranes   which,   re  erected   in   commanding   positions,   lifted   the 
pans  off  their  frames,  and   tipped   them   Into   the   wall.     The 
whole  ol   the  concreting  plant   was  designed  on   the  works  and 

the  results  obtained  have  i n  extremely  gratifying. 

Concreting  Operations.-  It  was  decided  Bret  to  carry  the 
in, nt  secti, ,n  of  the  dam  omi  20  it  wide  up  to  6  it.  above 
i  [ver  bed  bo  that    in  i  blggei    flood  than  600  i 

the  upstream    rockflU   weir   would   not    have  to   be   renewed. 

Two  s  hour  shifts  were  worked  on  concreting  from  '  B  m. 
I,,   11    p    m.  with  a  night  shift   from   11   to  7  doing  any  cleaning 

up  necessary  to  give  the  morning  -inn  i  clean  tart  A 
bonus  system  was  Instituti  d  bi  ■■•'■  on  the  yardage  placed  and 
this  roused  keen  competition  between  the  two  shifts.  The 
limiting  factor  was  the  quarrj  Rock  could  not  be  supplied 
•  .,:  the  mixers  demanded  It,  but  ueverthele  excellent 
results  were  iii, i. lined,  the  maximum  outputs  of  concrete  being 

in  CU  Ml  P'T  hour.  -IL".'  per  da\  .mil  2,060  per  week.  The  mir 
mn     fronl     wall    grew     at       UCh    B     pace    that     trouble    »;i       ,-\ 
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perlenced  with  the  shattering  and  the  remainder  of  the  dam 
was  carried  up  as  a  whole. 

On  Sept.  7th  the  task  aimed  at  was  a.    miiplished  and  with 
a  total  of  9,600  ctt.  yd.  placed  the  whole  wall  was '6  ft.  above 

river   bed   level      Plenty  of  time  before   n Is   was   still  on 

hand  and  consequently  additional  concrete  was  placed,  a 
wall  1"  ft  high  being  carried  up  along  half  of  the  front  face 
,,i  the  dam  and  s  5  ft.  wall  along  the  remainder  of  the  face, 
thus  enabling  work  to  be  carried  on  over  one-half  should  a 
flood  too  great  for  the  tunnel  come  down  and  overtop  the 
lower  portion  of  the  well,  when  concreting  is  recommenced 
In  December. 


How  a  Water  Company  Co-Operates  with 
Water  Uses 

The  Terre  Haute  Waterworks  Co.  of  Tern-  Haute,  Ind  .  of 
which  Hon  Gwinn  is  President  and  manager,  has  established 
an  enviable  record  for  progressiveness  in  dealing  with  its 
customers.  An  example  of  excellent  co-operation  with  the 
water  user  is  shown  by  a  folder  issued  last  fall  al  the  com- 
mencement  of  the  cold  weather  season.  This  folder  was 
sent  to  all  water  users  of  the  company.  The  folder  contains 
the  following  suggestions: 

TO    THE    OCCUPANT. 

(Address) 

Terre   Haute,   Ind. 

Please  hang  up  this  card  for  future  reference  Th<  Information 
given  if  followed  may  save  jrou  annoyance  and  expense. 

Cost  of  high-grade  water  in  Terre  Haute  is  kept  down  I. 
production,  reduction  of  wast,   and  efficient  operation  with  econom- 
ical machinery. 

At  least  six  tests  of  the  filtered  water  are  madi  daily.  Weekly- 
reports  are  made  to  the  State  Board  of  Health,  and  the  state  of- 
ficials make  Inspections  of  our  plant  without  notice. 

SUGGESTIONS   TO    WATER    CONSUMERS. 

How  to  Shut  Off  Water—The  "shut  off"  known  as  the  stop  and 
waste,  where  the  pipes  enter  the  basement  (and  also  on  the 
vertical  pipes),  is  your  immediate  protection  in  the  event  of  a  burst 
pipe  and  also  for  the  purpose  of  shutting  off  and  draining  the 
house  pipes  where  and  when  there  is  danger  of  freezing;  it  should 
be  easy  of  access  and  in  good  condition.  In  some  basements  it 
is  covered  with  coal,  or  it  is  in  such  bad  condition  that  it  cannot 
be  turned.  The  man  of  the  house  should  see  that  the  stop  and 
waste  is  in  good  eider  and  that  the  folks  at  home  know  how  to 
operate  it.  To  shut  off.  turn  handle  so  that  it  is  at  rieht  angle 
with  the  pipe,  a  one-quarter  turn. 

Sill  Cocks  for  Sprinkling — Sill  cocks  or  hose  faucets  on  the  side 
of  the  house  should   be   shut   off   in   the  basement   before   freezing 
r    and    win  n    this    is   done,    the   faucet   should    he   opened   so 
as  to  admit  air,  which  will  cause  the  water  to  run  out  at  the  stop 
and    waste    in    the    basement.      This    procedure    should    be   followed 
when    it    is   desired    to   drain    the    house    pipes.      Air   must    be   ad- 
it the  top  to  force  the  water  out  below. 
Frozen  Pipes  and  Hot  Water  Troubles— If  pipes  arc  frozen,  they 
ma"   be  thawed,   in  some  cases,   by   wrapping   cloths  around   them 
and  pouring  hot  water  on.     Do  not  use  a  torch  for  thawing   pipes. 
Do  not   pour  hot  water  on  the   meter;   do   not   build   a   tire  on   the 
as  it  will  ruin  the  rubber  piston  and  celluloid   register  and 
a  charge   is  made  for  repairing  the  same.      If  water   In   range   (hot 
water)    boiler  is  allowed   to   get   very  hot   either  from   furnace    fire 
or  gas  heater,  there  is  danger  of  forcing  the  hol   water  back   into 
the  meter,   causing  serious  damage.      \ll  cost  of  repairs   to  meters 
damaged  by  heat  is  charged  to  the  consumer      As   there  are  com- 
paratively few  cases  of  this  kind,   the  person   responsible   i 
damage  should   pay  for  it   instead  of   putting   the  cost  on  the  rest 
of  the  consumers. 

If  there  is  a  bad  case  of  frozen  pipes,  or  if  a  house  is  to  be 
closed  for  the  winter,  it  is  best,  to  secure  the  services  of  a  com- 
petent plumber  Sewer  traps  and  range  boilers  should  be  cared 
for  when  the  house  is  without  heat  in  the  winter. 

Water  Closets — Water  closets  .should  bq  examined  frequently  In 
order  to  keep  the  consumption  of  water  on  a  normal  basis.  After 
a  closet  has  been  flushed  and  the  tank  is  filled,  there  should  be  no 
movement  of  water  in  the  bowl;  if  then  wasting  into 

the  sewer. 

By  holding  a  piece  of  paper  or  card   bi  the  rear  por- 

tion of  the  bowl,  a  flow  may  be  detected  which  an  ordinary  ex- 
amination would  not  disclose.  There  is  on  of  closet,  known 
as  the  Syphon  .Tet.  that  will  leak  without  <1;  irbing  the  water  in 
the  bowl. 

For  further  information,  call  office  telepl  Wabash  213  during 

the  day.  After  6;00  p.  m..  or  on  Sundays,  call  Tumping  Station, 
Wabash  213. 

We  are  trying  to  make  your  water  service  as  near  perfection 
as  possible. 

THE  TERRE  HAUTE  WATERWORKS  CO 

November.   1921. 


Loose    Leaf    System    for    Field    Maps    and 
Notes 

A  system  that  permits  both  held  maps  and  notes  to  be 
carried  in  the  same  container  is  described  by  Mr.  John  L. 
Rich  in  Economic  Geology.  The  system,  which  Mr.  Rich  has 
found  to  have  many  advantages,  consists  of  a  B  by  8  in.  clutch 
binder,  preferably  hinged  only  on  the  front  cover  and  opening 

along   the    5-in.   side;    one    or    more    I leal     binders    for    5 

by  8  in.  paper,  punched  along  the  Bin.  side;  and  a  supply 
nl  loose  l.-af  co-ordinate  paper,  ruled  int..  1  6  in.  squares  (1/10- 
in.  squares  perhaps  would  serve  as  well).  The  binder  fits 
readily  into  the  pocket,  preserves  the  maps  from  the  wear 
and  soiling  to  which  field-maps  are  usually  subjected,  and  per 
inits  ready  cross-reference  between  maps  and  notes  without 
burdening  the  former  with  reference  marks.  Both  maps  and 
notes  may  be  assembled  in  permanent  loose-leaf  binders,  and 
classified  and  arranged  in  any  way  the  engineers  may  desire. 

When  one  of  the  U.  S.  Geological  Survey  topographic 
sheets  is  being  used  as  a  base-map.  the  map  is  first  cul  into 
nine  sections  along  the  parallels  and  meridians.  These 
sections  fit  readily  into  the  note-book.  Each  sect  inn  is 
mounted  on  a  sheet  of  ruled  loose-leaf  paper  in  such  a  way 
that  the  top  and  left-hand  sides  coincide  with  ruled  lines 
on  the  paper.  Glue  or  rubber  cement  may  be  used  for 
mounting.  The  latter  has  the  advantage  that  it  does  not 
cause  buckling  and  is  not  affected  by  water 

The  sections  of  the  map  are  designated  bj  an  Initial  letter 
or  abbreviation  for  the  name  of  the  sheet  and  a  number  for 
each  of  the  nine  sections,  numbered  from  left  to  right  from 
the  top  down.  Thus  the  upper  right-hand  section  of  the 
Atoka  sheet  would  be  "A-3."  The  lower  left-hand  section 
would  be  "A  7."  This  designation  is  placed  at  the  lower 
right-hand  corner  of  the  sheet.  On  the  side  margins  of  the 
loose-leaf  sheets,  outside  the  map,  the  squares  of  the  cross- 
section  paper  are  numbered  from  the  top  down.  Only 
every  fifth  number,  1,  5,  10,  etc.,  is  actually  set  down.  This 
furnishes  one  of  the  co-ordinates  for  locating  positions  on 
the  map.  The  other  is  furnished  by  a  "cover-sheet,"  which 
is  simply  a  blank  sheet  of  the  co-ordinate  paper,  along  the 
bottom  of  which  the  co-ordinate  squares  are  lettered  from 
left  to  right,  beginning  about  as  far  from  the  left-hand 
margin  as  is  the  left-hand  edge  of  the  map. 

The  sheet  carrying  the  section  of  the  map  to  be  used  is 
placed  in  the  front  of  the  binder,  with  the  cover-sheet  over 
it.  The  notes  may  be  kept  in  the  back  of  the  binder,  to- 
gether with  sections  of  the  map  not  in  immediate  use.  To 
make  reference  to  a  location  on  the  map  it  is  only  necessary 
to  slip  the  cover-sheet  up  until  its  lower  edge  is  on  a  point 
desired  and  is  parallel  to  the  lower  edge  of  the  map.  Then,  if 
the  zero  of  the  letter  of  the  cover-sheet  be  placed  at  the 
left-hand  margin  of  the  map,  the  co-ordinates  can  be  instantly 
determined. 

The  location  is  recorded  in  the  notes  as  "A  3,  10  j,"  "A  7, 
26  p,"  etc.  This  gives  the  location  to  the  nearest  1/6-in. 
square  without  making  any  mark  upon  the  map.  If  closer 
location  is  necessary,  a  dot  on  the  map  may  be  used.  Even 
a  small  dot  can  readily  be  found  at  any  lime  by  reference 
to  th,e  co-ordinates  of  the  imaginary  square  in  which  it  occurs. 
In  the  office,  the  location  of  any  point  referred  to  in  the 
notes  can  be  found  instantly,  even  on  uncut  map,  by  lettering 
and  numbering  a  card  to  correspond  with  :he  co-ordinates 
that  are  used  in  the  field  and  by  using  the  parallels  and 
meridians  as  guides  for  the  various  sections. 


Garbage  Reduction  at  Indianapolis,  Ind.  The  cost  of  re- 
ducing garbage  at  the  municipal  garbage  reduction  plant 
of  Indianapolis,  Ind.,  in  11121  was  reduced  $2.70  a  ton  from 
the  1920  average  cost,  hut  this  saving  in  expense  was  prac- 
tically wiped  out  by  reduced  prices  of  by-products  sold  from 
the  plant,  according  to  the  annual  report  of  the  operations 
of  the  board  of  sanitary  commissioners.  Greatly  reduced 
prices  on  grease  and  tankage,  the  commercial  output  of  the 
garbage  plant,  in  1920  caused  a  deficit  in  the  operation  of  the 
plant  of  $.33,736.96,  the  report  pointed  out.  In  1921.  the  deficit 
was  130,451.51.  Until  1920,  abnormally  high  prices  for  these 
by-products  had  made  it  possible  to  operate  the  plant  at  a 
profit.  In  1920,  it  is  set  out.  15.367  tons  of  green  garbage 
were  reduced  at  a  cost  of  $6.50  a  ton.  In  1921  the  total 
amount  of  garbage  reduced  was  increased  to  20,033  tons, 
and  the  cost  a  ton  reduced  to  $3.80.  The  saving  in  expense 
was  estimated  at  $24,824. 
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Kutter's  Formula  Simplified 


■ 


Bj    II     E.    BABBITT, 

Ipal 


■ 

Kutter'e  formula  is  hum.'  commonlj  used  In  the  Bolutlon 
of  problem  water  In  sewei  or  open  channels 
than  any  other  hydraulic  formula.  The  extended  use  ot  tin- 
formula  has  I n  due  to  the  confidence  placed  In  ii  bj 

because  ol  the  man]  Investigations  ol  Its  accuracy,  and 
;  ih>'  wiii>'  publii  Itj  gi\ en  to  ii  and  the 
availability  of  many  diagrams  for  its  solution.  The  popular- 
ity of  the  formula  is  certain!;  Its  ^implicit;  be 
it  is  one  of  the  most  cumbi  ill  hydraulic 
formulas,  it  is  a  monument  to  the  mathematical  Ingenunltj 
of  the  men  who  produced  it. 

Kutter's  formula  is  commonly  expressed  In  English  units 
as: 

1.81                    .0028 
h  41.67  + 


v=- 


RS 


n      / 

1+ (41.67  + 

VR  \  s      / 

in  which 

v  =  velocity  of  How  in  feet  per  second; 

n  =  coefficient    of  material   of   conduit; 

R=r  hydraulic    radius   of  conduit.    In 

S  =  slope  of  the  hydraulic  gradient. 

This  is  a  modification  of  the  Chez;  formula,  V  =  CVRS  in 
which  allowances  are  made  of  the  effect  of  n,  R,  and  S,  on 
the  value  of  the  coefficient  C.  The  value  of  S  was  intro- 
duced into  the  coefficient,  to  allow  for  the  low  slopes  studied 
in  the   Mississippi   River  investigations. 

In  ordinary  problems  met  in  the  design  of  sewers,  drain- 
age ditches,  and  other  small  open  channels,  the  discrepancy 
between  the  value  of  V  as  found  with  Kutter's  formula  as 
quoted  above,  and  the  value  of  V  found  by  omitting  the  term 
.0028 
is  negligible.     The  difference  is   less  than  that  caused 

s 
by  the  selection  of  the  value  of  n  one  thousandth  above  or 
below   its   true   value.     If   this    term    is   omitted    the   formula 
can  be  rewritten  as 

(1.81  +  41.67  n)       i: 

V  = its     2 

nVR  + 41.67  n2 

A  comparison  of  the  results  obtained  by  the  use  of  these 
two  forms  of  the  expression  shows  that  for  ordinary  condi- 
tions of  design  the  discrepancy  between  the  two  forms  is 
For  all  slopes  greater  than  1  in  1,000  for  8-in. 
pipe,  with  a  value  of  n  =  0.015,  the  discrepancy  is  less  than 
1  per  cent.  For  larger  channels  with  the  same  slope  and 
coefficient  of  roughness,  the  discrepancy  decreases  up  to  a 
channel  with  an  hydraulic  radius  of  3.28  ft.,  at  which  figure 
the  values  of  \"  are  the  same  for  both  expressions,  regard- 
less of  the  value  of  the  slope.  For  channels  with  an  hy- 
draulic radius  great  3  ft.,  the  discrepancy  increases 
with  an  increase  in  the  hydraulic  radius.  A  decrease  in  the 
slope  will  Increase  the  discrepancy.  For  a  channel  with  an 
hydraulic  radius  of  4  ft.,  a  value  of  n  =  0.015,  on  a  slope  of 


1    hi    1. the  discrepancy     is    le,s   than    0.1    pel    Cenl     but    l"i 

tiannel  on  a   glope  "1    I    in    10,000  the   discrepancy   is 

The  result    -  omputatlons  ot  the  values 

'  I     -i    Hi.     two   expressions   are   shown    in  Table 

I.    The  small  differences  between  these  results  for  ordinary 

conditions   are  clearl]    -  -how  a 

rhe  <  olumns,  in  the    i  d  C    and  C    refei   to  the 

i  oefflcienl  i  the  original  and  the  modified 

ittei      toi  pectivelj      Since  the  apparent 

discrepancies  introduced  bj  the  usi  ot  the  modified  form 
ol  th"  formula  lor  the  solution  of  problems  ordinarily  met  are 

less   th.m    the   discre]  ntroduced    by    a    difference   ot 

.001    in  Hie  determination   ol    thi     iral I    ti,   the   use  of  the 

simplified  expi       Ion  ed 

Commission    to    Determine    Plans    for    Colorado 

River  Development 

President  Harding  has  appointed  Secretary    Hi 

era!   Chairman   of  tie    Colorado    Rivei    Commission   recently 

created  jointly  bj  Congress  ami  the  traversed  by 

the  river.     The  appoint  in  made  with  the  approval 

ot   the  -n\  ernora  ot  the     tat  ■  ■  itlon  of 

this   commission   is  the   first    Btep   In   what  promises  I 

come  one  of  the  greate  '   r  national   Improvement 

volving  over  a  term  ol  ■  an  expenditure  of  several  hun- 
dred millions  of  either  public  or  private  funds.  The  States 
of  California,  Arizona.  Nevada  I  tah,  Colorado,  Wyoming 
and   Montana  are  Interested    in   the   Irrigation   and   power  to 

be  derived   from  the  river   and    liable  conflict  ha-    al 

developed. 

The  land   under  Irrigation    in    1920   from   the   river  and   its 

tributaries  amounted  to  al I    !  164,000  acres  in  the  United 

States  and  190,000  acres  in  Mexico  If  the  river  were  equipped 
with  proper  storage  dams  the  amount  of  Irrigated  land  could 
be  increased  to  about  6,123,000  acres  in  the  United  States 
and  800,000  acres  in  Mexico. 

There  is  practically  no  power  developed  on  the  river  at 
the  present  time,  but  it  has  possibilities  of  developing  6,000,- 
000  H.P.  as  an  incident  to  development  of  irrigation  storage. 
Some  of  this  horsepower  is  urgently  needed  at  the  present 
time  in  Southern  California   and  Arizona. 

One  of  the  large  problems  of  the  river  is  the  constant 
threat  of  the  lower  river  to  break  through  its  banks  and  to 
flood  the  Imperial  Valley,  where  something  like  $100,000,000 
work  of  property  is  at  stake.  Such  a  break  occurred  a  few 
years  ago  and  it  cost  several  million  dollars  to  restore  the 
river  to  its  normal  channel. 

In  order  to  secure  a  definite  control  of  the  flood  waters 
and    systematic    develop  >l    its    power    possibilities    and 

give  maximum  storage  for  irrigation,  the  river  must  be  con- 
sidered as  a  single  problem  in  the  interests  of  all  the  states 
and  the  nation.  If  such  a  co-ordinated  long-view  plan  is 
worked  out  it  is  anticipated  Hut  enough  water  will  be  avail 
able  for  all  the  land  available  to  the  river  and  enough  power 
for  all  the  community. 

It  is  the  duty  of  the  commission  to  determine  a   pi 
such  development  and  to  make  recommendations  to  Congress. 
A  number  of  private  concerns  are  anxious  to  undertake  the 
development  of  the  power  and  water. 

Illinois  Section  Am.  W.  W.  Assoc,  to  Meet  at  Urbana. — 
The  14th  annual  meetin  le   Illinois   Section   nf   Hie    \mei- 

ican  Waterworks  Association  will  be  held  in  Urbana,  ill.  on 
March  l':',  and  24.    Q   C    H         meyer,  Urbana,  Engineer  state 

Water    Survey  .    is    seeiei.n  j 
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Methods  of  Blasting  Drilled  Wells  to 
Increase  Flow  of  Water 

Shooting  oil  wells  by  exploding  a  chargi    of  nitro-glj 
in  the  well  to  increase  the  flow  of  oil  is  a  common  practice 
throughout   the   oil   fields,   and   the   methods    are    will   estab- 
lished.    Various  torpedo  companies,  as  they  are  called,  make 
a  business  of  sending  experienced  blasters  to  thi 
with   the   necessary   explosives  and  accessories.     Within   re- 
cent years  explosives  have  come  into  use  for  [ncreasl 
flow    of   drilled    water   wells.     An   interesting   outline    ol    the 
methods  of  doing  this  that  has  been  found  practical  in  many 
instances  is  given  by  Mr.  S.  R.  Russell,  Technical  Representa- 
tive "l   E.  I.  du  Pont  de  Nemours  &  Co.,  Inc.,  in  the  Xovem- 
ber-December   issue   of  The   Du   Pont    Magazine,    from   which 
we  have  taken  the  matter  that  follows 

Careful  Study  of  Conditions  Should  Be  Made. -The  meth- 
ods of  blasting  drilled  water  wells  are  much  the  same  as 
those  employed  in  the  oil  fields,  but  the  desirability  of  blast- 
ing such  a  well  -should  first  be  determined  by  careful  study 
of  its  location,  its  drilling  record,  and  the  water  suppl]  it  is 
designed  to  draw  upon.  While  oil  wells  are  usually  located 
in  segregated  districts  at  some  distance  from  a  town,  the 
drilled  water  well  may  be  near  a  farm-house,  in  the  town 
itself,  or  even,  as  in  one  case  concerning  which  we  were 
consulted,  in  the  cellar  of  a  metropolitan   hotel. 

Whether  it  is  safe  to  blast  depends  largely  upon  the  prox- 
imity to  buildings  and  the  depth  of  the  well.  If  the  well  is 
in  a  city  close  to  or  within  huge  buildings,  it  may  be  danger- 
ous to  blast,  lest  the  shattering  of  the  rock  underground 
weaken  the  foundations  of  the  buildings,  or  flying  fragments 
of  rock  do  damage  above  ground.  If  the  well  is  shallow,  any 
risk  there  may  be  of  injury  to  surrounding  property  is  in- 
creased. However,  wells  within  a  few  feet  of  houses  have 
been  blasted  without  the  slightest  damage  and  it  is  prob- 
ably safe  to  say  that  if  the  size  of  the  charge  is  proportioned 
to  the  depth  of  the  well  and  the  work  is  carefully  done,  blast- 
ing can  be  carried  out  in  most  places  with  little  risk. 

Whether  it  will  be  profitable  to  blast  a  drilled  water  well 
depends  upon  the  quantity  of  water  in  the  earth  or  rock  sur- 
rounding the  borehole,  and  the  character  of  the  formation. 
The  U.  S.  Geological  Survey  has  made  studies  of  under- 
ground water  supply  in  most  sections  of  the  country  and  can 
furnish  maps  and  other  information  concerning  the  depth, 
abundance  and  composition  of  underground  wati 
character  of  both  the  water-bearing  strata  and  the  strata 
between  them  and  the  surface  which  will  be  found  of  great 
value  alike  in  selecting  the  well  location  and  drilling  the  hole 
and  in  blasting  to  increase  the  flow  of  water. 

Blasting  in  Wells  in  Sand  and  Water-Bearing  Rock.— If  a 
well  is  sunk  into  sand  or  gravel  it  generally  produces  water 
in  direct  proportion,  first,  to  the  quantity  carried  by  the 
strata,  as  the  water  moves  freely  through  all  portions  of 
such  material,  and  second,  to  the  angle  of  the  strata,  the 
steeper  the  dip  of  the  water-bearing  strata  toward  the  bot- 
tom of  the  hole,  the  greater  always  the  pressure  and,  conse- 
quently, the  rapidity  with  which  the  water  will  rise  in  the 
hole.  Firing  a  blast  at  the  bottom  of  a  well  in  sand  or  gravel 
would  have  practically  no  effect  on  the  flow  of  the  well;  the 
sand  or  gravel  would  simply  settle  back  after  the  explosion 
into  its  original  place  in  the  porous  mass 

If  sunk  into  water-bearing  rock,  however,  a  well  may  draw 
only  from  the  particular  pores  or  crevices  which  it  int. 
and  their  tributary  pores  and  fissures,  and  thus  secure  only 
a  relatively  small  portion  of  the  water  carried  by  the  whole 
stratum  at  that  point.  If  passages  could  be  opened  into  the 
borehole  from  the  whole  area  of  the  surrounding  rock,  the 
flow  of  the  well  would  be  immediately  increased.  Here, 
therefore,  is  the  function  of  explosives,  for  a  heavy  charge 
fired  at  the  bottom  of  the  well  would  increase  the  sectional 
area  of  the  hole,  making  a  collecting  cavity  for  water,  and 
would  open  up  radiating  fissures  throughout  a  considerable 
area  of  the  enclosing  rock. 

Methods  of  Blasting  and  Size  of  Charge.— The  methods  of 
blasting  drilled  water  wells  are  derived  directly  from  oil-well 
shooting.  The  explosive  is  usually  placed  at  the  bottom 
of  the  hole.     If  a  record  of  the  hole  has  been  kept  by  the 


driller,   as   should   always   be   done,   showing   the   kinds   of  ma- 
terial encountered  in  drilling,  the  depth  and  thickness  ol  each 
successi\.-    layer   and    the    point    or    points   at    which    a 
bearing  stratum  was  strip  I.     this  should  be  consulted   b 

i-  before  deciding  the  location  of  the  some- 

times happens  that  a  hole  is  drilled  through  a  water-bearing 
area  into  a  lower  dry  area  and  in  such  a  case  the  shot  should 
be  fired,   not   at  the   bottom   of   the   well,    hut    at 
the  water-bearing  rock. 

Inasmuch  as  the  greatest  possible  fracturing  ol  the  rock 
la  desired,  it  is  advisable  to  use  a  quick,  powerful  explosive 
and  a  heavy  charge.  The  exact  size  of  the  charge 
•  rned  by  the  depth  of  the  well,  the  nature  of  the  rock  to  be 
blasted,  and  the  proximity  to  buildings.  For  a  well  LOO  it 
deep  an  efficient  and  safe  charge  would  be  from  100  to  200 
lb.  of  solidified  nitroglycerin  or  from  160  to  300  Hi.  of  60 
per  cent  straight  dynamite.  For  ever}  additional  1""  it  this 
loading  could  be  increased  by  about  100  lb. 

The  Cartridges  and  Method  of  Placing.     The  cartridges  are 
carefully    packed    in    a    cylindrical    shell     (Fig.     1)       ranging 


CARTKIDG£} 


FIG  3 

Fig.  1-4 — Cartridge,  Special  Hook  and  Squibs, 
usually  from  3  to  5  ft.  in  length,  made  of  tin  or  galvanzed 
iron  drawn  out  to  a  point  at  the  lower  end  to  prevent  it 
from  catching  in  its  descent  down  the  hole,  open  at  the 
upper  end  and  provided  with  a  wire  handle  or  bail.  Such  a 
container  can  be  easily  made  from  an  ordinary  stovepipe. 
It  should  always  be  at  least  an  inch  smaller  in  diameter 
than  the  borehole.  If  there  is  standing  water  in  the  hole, 
as  is  usually  the  case,  and  the  hole  is  of  considerable  depth, 
there  should  be  an  opening  in  the  lower  end  of  the  shell. 
as  shown  in  the  illustration,  so  that  the  water  may  pass 
through  the  shell  and  equalize  the  pressure  on  the  explosive. 

When  the  shell  is  loaded,  the  bail  is  placed  over  a  special 
hook  (Fig.  2)  on  the  end  of  a  stout  line  and  the  shell  is 
slowly  lowered  down  the  hole.  By  a  few  motions  of  the  line 
the  hook  can  then  be  freed  and  drawn  up.  In  shooting  a 
very  deep  well,  several  shells  may  be  necessary  to  hold  the 
required  charge.  If  so,  they  can  be  lowered  successively  and 
one  allowed  to  rest  on  another.  In  case  a  charge  is  to  be 
located  at  some  distance  up  the  hole  instead  of  at  the  bot- 
tom, a  shell  provided  with  an  anchor  tip  is  used,  that  is,  a 
tube  about  IK  in.  in  diameter  projecting  a  few  inches  from 
the  lower  end.  A  tin  pipe  long  enough  to  reach  to  the  bot- 
tom of  the  well  is  securely  fitted  over  this  tip  and  lowered 
into  the  hole  ahead  of  the  shell  to  serve  as  an  anchor  for  it. 

How  the  Charge  Is  Exploded. — The  charge  being  seated, 
the  next  step  is  to  explode  it.  This  can  be  done  by  either 
the  jack-squib  (Fig.  3)  or  the  electric  squib,  (Fig.  4)  both 
devised  originally  for  oil-well  shooting. 

The  jack-squib  consists  of  galvanized  pipe  about  2  in.  in 
diameter  and  36  in.  in  length,  pointed  at  the  lower  end,  which 
is  filled  as  follows:  Sand  is  poured  into  the  pipe  to  a  depth 
of  about  6  in.;  a  cartridge  of  60  per  cent  straight  dynamite, 
primed  with  two  Xo.  8  blastins  caps  and  two  fuses,  is  seated 
on  the  sand,  and  more  sand  is  poured  in  until  it  fills  the 
space  around  the  cartridge  and  covers  it  to  within  four  inches 
of  the  top  of  the  pipe.  This  remaining  space  is  then  filled 
with  thick  tar.  As  soon  as  the  squib  is  prepared,  both  fuses 
are  lighted,  two  being  used  in  case  one  should  fail,  and  the 
squib  is  dropped  into  the  hole,  point  down.  The  length  of 
the  fuse  should  be  so  calculated  that  the  squib  will  explode 
about  the  time  it  strikes  the  charge  and  thus  detonate  it. 

The  electric  squib  of  the  oil-well  shooter  is  similar  in  con- 
struction to  the  jack-squib,  but  shorter  and  larger  in  diameter 
with  a  less  sharply  pointed  end.     It  is  usually  about  5  in.  in 
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diameter  and  20  In.  inns     it   is  filled  to  :i  deptb  ol  al 
In.    with  sand  and  then  a  primer  charge  consisting  ol  from 
one  to  three  cartridges  "i   60  per  cent   straight  dynamite  is 
in  the  sand,  one  of  the  cartridges  having  been  pre 
viousl)  primed  with  a  No.  8  submarine  electric  blastln 
To  the  wires  of  this  cap,  at  s  point  thai  will  come  well  within 
the  BQuib  shell,   are  spliced   No    14-gage   copper  wires   long 
enough  to  reach  to  the  bottom  ol  the  hole,  and  the  splli 
well  taped,     The  remaining  Bpace  Is  DUed  with  sand  topped 

with   B   layer  of   tar.      This   squib   is   carefully    lowered    b)    the 

win  s  until   it    rests  upon  the  charge  and   is  then   fired    bj 
ng  machine 
If  the  well  has  struck  water  there  will  probabl]   bi 

Standing   water   ill   the  hole.     Ever]    tool    "i    water   in   the  hole 

exerts  a  pr<  ssure  of  am  lb   per  BQuare  Inch     Consequently 

a   column   of   water    100    ft.   high    oyer   a    charge   of   explosives 

.;   pressure  ol  4::. 4  lb    on  e\er\    -.plan-   Inch  ol   the  area 

of  the  charge.     It  is  this  pressure  which  makes  it  necessary 

to  protect  the  detonator   from   moisture   bj    placing   it    In   a 

sand-tilled  and  tar-sealed  metal  shell.  As  the  pressure  may 
tend  to  force  out  the  nitroglycerin  from  the  cartridgi  II 
is  important  to  tire  the  shot  as  quickly  as  possible  after 
loading.  All  preliminary  preparations  such  as  removing 
within  danger  and  notifying  people  should  be  com- 
pleted before  the  explosive  is  lowered  into  the  hole  so  that 
no  time  need  be  lost   thereafter. 

How  to  Prevent  Casing  from  Collapsing.  Most  drilled 
wells  contain  a  Casing  throughout  a  part  or  the  whole  Of 
their  depths;  that  is.  a  closely  fitting  iron  pipe  which  has 
oserted  either  to  prevent  sand,  gravel  or  shale  walls 
ol  the  bore  hole  from  caving  or  to  shut  off  from  the  well 
seppage  from  water-bearing  strata  nearer  the  surface  than 
the  strata  being  drawn  upon,  which  is  apt  to  be  polluted 
with  organic  matter.  Kxploding  a  heavy  charge  at  the  bot 
torn  of  the  well  is  likely  to  damage  this  casing,  either  blow 
ing  it  out  in  fragments,  which  may  do  harm  if  allowed  to 
fly  into  the  air.  or  causing  it  to  collapse  within  the  borehole, 
or  splitting  it  longitudinally  along  the  seam. 

To  prevent  the  casing  from  flying  into  the  air  it  is  well 
to  build  a  heavy  grill  work  over  the  mouth  of  the  hole.  This 
should  be  securely  anchored  to  the  ground.  It  is  hardly  pos- 
sible to  prevent  splitting  the  casing,  but  this  is  not  neces- 
sarily a  serious  result,  for  a  casing  that  is  merely  split  can 
easily  be  pulled  out  and  replaced. 

If  the  casing  collapses,  however,  it  is  more  difficult  to  re- 
move. In  a  well  300  or  100  ft.  deep  there  is  less  likelihood 
that  the  casing  will  be  blown  out  or  split  than  in  a  shallower 
well,  but  there  is  danger  of  collapse  whatever  the  depth  of 
the  well.  To  prevent  the  casing  from  collapsing,  the  hole 
should  be  either  full  of  water  to  the  top  or  empty  of  water 
for  50  ft.  below  the  bottom  of  the  casing.  This  last  would 
mean  that  the  hole  was  cased  through  only  a  part  of  its 
length  and  that  the  explosive  charge  was  seated  at  least 
50  ft.  below  the  casing.  Suppose,  for  example,  a  well  100  ft. 
deep  containing  50  ft.  of  casing  from  the  surface  down  and 
75  ft.  of  water.  The  explosion  of  the  charge  would  prob- 
ably cause  the  casing  to  collapse  at  the  surface  of  the  water. 
If  the  top  of  tin  water  column  was  a  few  inches  or  a  few- 
feet  below  the  casing,  the  collapse  would  probably  occur  at 
the  bottom  of  the  casing.  If.  however,  the  water  was  50  ft. 
below  it,  there  would  probably  be  no  collapse  at  all.  So  it  is 
advisable  before  firing  either  to  fill  the  hole  full  of  water 
or  to  bale  it  out  to  a  point  50  ft.  below  the  bottom  of  the 
casing. 

Well  blasting  is  neither  difficult  nor  dangerous,  and  it  has 
been  found  very  successful  in  numerous  instances  in  Ini 
ing  the  flow  of  water.  Under  ordinary  conditions  careful 
following  of  the  methods  described  should  produce  satisfac 
tory  results.  If  peculiar  condition  exi  I  II  is  well  to  Becure 
advice  from  an  experienced  blaster  01    an   explosives   manu- 


Effect  of  Sewage  on  Quality  of  Water  at  Bathing   Beaches. 
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Results  of  Fine  Screening  and  Sludge 

Dewatering  Experiments  at 

Milwaukee 

Tin  recently  Issued  7th  annual  report  for  the  year  1920  of 
the  Sewerage  Commission  of  Milwaukee,  Wis.  contains  much 
interesting  information  on  the  experiments  in  that  city  with 
the  activated  Bludge  i rhe  matter  following  is  taken- 

from    the    report. 

The  Bewage  testing  station   « ,, -    kept    iii   operation  during 

the  year  1920  In  order  to  i ure  additional  Information  upon 

line  screening  and  to  Btudj    the  problem  of  sludge  d. 
Ing,  etc.,  and  it  has  shown  that    ih.-  activated  sludge  method 
■  I     ewage  purification  could  i»    carried  on  continuously  year 
after  >ear  without  the  plants  deterioi 

Fine   Screening.-The     Res      revolving     plat.-      screen     ran 

equipped   with  slotted  bronze  plates.    The 

slots  were   :'   in.   long  by   ::  32   m     wide.     26.2  sq.   ft.   of  plate 

area  were  submerged  in  the  sewage  and  the  combined  open 

space  of  the  3/32-in.  slots  equaled  28  per  nut  of  the  wet 

From  Jan.  1  to  Aug.  !»  the  screen  travel)  of  10 

lin.  ft.  per  minute;  on  and  after  Aug  10  it  ran  at  the  rate 
of  20  ft.  per  minute. 

By  increasing    the    rat,-    ..t     navel,    the    volume    of    liquor 
i   by  the  screen  was  increased  about  12  per  cent  and 

the  loss  of  head  decree boul    30   per  cent     The  latter 

exercised  the  greatest  Influence  dining  the  middle  of  the  day 
when  the   volume  of  dirt   in   tie    -.wage   was  especially  great. 

The  figures  indicate  that  screens  of  this  type  can  be  made 
to  produce  a  greater  yield  by  "speeding"  them  up  when  the 
load  is  heaviest.  This  procedure  provides  a  factor  of  safety 
that  would  be  of  value  should  a  rush  of  storm  water  throw 
an  unusual  load  upon  the  Bcreen  or  in  case  a  unit  breaks  down 
leaving  an  extra  burden  for   the  remaining  screens  to  carry. 

It  is  worth  while  to  note  that  this  Rex  screen  ran.  with 
the  exception  of  a  few  shutdowns-  amounting  in  all  to  about 
three  weeks  from  October.  1918,  to  January.  1921.  During 
this  time  the  screen  passed  an  average  of  more  than  5,000,000 
gal.  of  sewage  per  day.  Attention  is  called  to  the  fact  that  this 
flow  included  a  rate  of  approximately  5,500,000  gal.  from 
midnight  at  S  a.  m.,  but  onl>  3,000,000  gal.  between  9  a.  m. 
inn  •;  p.  m.  This  low  flow  was  caused  by  the  accumulation 
of  a  heavy  mat  of  screening  on  the  surfaces  of  the  plates, 
deposited  by  the  raw  sewage  when  it  carried  its  heaviest 
charge  of  suspended  solids. 

The  screenings  removed  amounted,  on  the  average,  to 
about  10  parts  per  million  of  the  total  solids  in  the  sewage. 
This  quantity  was  equal  to  about  5  per  cent  of  the  solids  sus- 
pended in  the  sewage. 

Demonstration  Plant.  Tie  demonstration  plant  ran  con- 
tinuously through  the  year  except  for  a  few  short  periods 
of  an  hour  or  two  when  tin  power  was  off,  and  from  Oct.  19 
to   28. 

Winn  the  tanks  were  drained  in  October,  the  surfaces  of 
the  filtros  plates  were  rinsed  off  by  a  hose  and  examined  for 
cracks,  softening  or  other  i,  of  wear.  The  plates  were 
found  to  be  in  excellent  condition.  They  had  been  in  prac- 
tically continuous  service  Iron  \o\ember,  1918.  to  January, 
1921,  a  period  ot  more  than  two  years. 

During  this  period,  the  pri  sun-  required  to  force  tin  air 
through  the  plates  Increased   about    'i    lb.   when   passing   1.7 

cu.    ft.    of    air    per    square    ol     liltros    aria    pit     minute    against 

a  head  of  ir,  it    ot  Bupernai     i  sewage 

Before  entering  tin-  plat an   was  cleansed  thoroughly 

by   running   it    through  a   double   thickness   ot    beavj    cotton 

id    washing   tin  i   ail    In  a    N.i.-h    h\drotnrbo 

The  ah    was  carried   In   galvanized    Iron    pipes   to   pi 

rust  from  gathering  on  tin-  undei  sides  of  the  liltros  plates. 
Similar  liltros  plates  in  tie  10-fl  aeration  tanks,  receiving 
air   from    tie-    sane        lUXO  the    same    period    of   time, 

but  at  a   lower  rati-,  w.   ■  ii    in   January,   1921,  and 

found  in  in-  free  from  all  foreign  matter  except  ->  slight  die- 

i  non  rust  in  a  re«   cases  on  the  under  Bides  of 

tie'  plates. 

Sews  :  through   the  Rex  Bcreen   was  applied  to 

tie  aeration  tanks  continuously,  but  at  a  rate  comparable 
with   tie-  expected   dailj    Don    ratei       For  example,   b6l 
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the  hours  of  11  p.  m    and  11  a.  m    -    ■  was  run  through 

the  plant  at  a  rate  equal  to  the  minimum  dry  weather  flow 
in  the  city  sewers;  from  11  a  m.  to  5  p.  m.  the  flow  was 
Increased  to  the  maximum  daily  Bow,  nd  from  G  p.  m.  to 
li  a.  in.  it  was  run  through  at  a  rate  ■  to  the  expected 

n,..\    during  this  period  ol  the  day. 

From  Jan  l  to  .lime  7  the  aeration  tanks  received  sewage 
,,i   an  average  rate  of  15,000,000  gal.  pi  wet   surface 

per  day;  from  June  S  to  Nov.  17  the  rate  was  increased 
r,i  jc. (100.000  gal.  per  acre;  and  from  No\  18  to  Dec.  SI  the 
rate  was  reduced  to  16,000,000  gal.  From  Jan.  1  to  March 
14  air  was  applied  at  an  average  rate  of  1%  cu.  ft.  per  gal- 
lon of  sewage;  from  March  15  to  May  2  the  rate  was  to- 
ad to  2  cu.  ft.  per  gallon;  from  May  3  to  Nov.  17  the 
rate  was  decreased  again  to  1%  cu.  ft.,  and  from  Nov.  18 
to  Dec.  31  it  was  increased  to  2  cu.  ft.  The  records  have 
shown  that  1%  cu.  ft.  of  air  per  gallon  of  sewage  are  suffi- 
cient to  produce  a  clear  and  stable  effluent  and  to  maintain  a 
bacterial  removal  of  95  per  cent.  But  in  passing  through 
the  Dorr  thickener  sedimentation  tanks  in  cold  weather  the 
activated  sludge  becomes  stale.  For  that  reason  it  will  not 
give  its  water  up  readily  in  the  presses  or  other  devices  used 
for  dewatering   the  sludge. 

Such  sludge,  ft  thinned  to  99%  per  cent  moisture,  and  then 
reaerated  24  hours,  can  be  reactivated.  As  it  is  planned  to 
adopt  some  such  procedure  to  get  the  waste  sludge  into 
proper  condition  for  pressing  in  the  future,  the  air  feed  was 
increased,  as  noted  above,  while  carrying  out  sludge  dewater- 
ing tests  in   April  and   December. 

Waste  Sludge. — Over  80,400.000  gal.  o£  sewage  were  passed 
through  the  aeration  tanks  in  1920  and  produced  1,236,000 
gal.  of  waste  sludge  containing  98.2  per  cent  of  moisture  on 
the  average.  The  volume  of  waste  sludge  was  therefore 
equal  to  15,000  gal.  of  liquor,  containing  98.2  per  cent  of 
moisture  per  1.000,000  gal.  of  sewage  treated. 

Many  experiments  have  been  carried  on  to  determine  what 
method  could  be  applied  to  dewater  the  sludge  to  best  ad- 
vantage. The  tests  may  be  divided  into  two  groups  under 
the  headings  of  pressing  and  centrifuging. 

Dewatering  Waste  Sludge  by  Pressing. — The  outstanding 
features  of  the  pressing  operations  were: 

1.  That  in  the  warm  weather  of  July  and  August  any  type 
of  standard  plate  or  plate  and  frame  press  may  give  good 
results. 

2.  That  the  Worthington  or  Berrigan  press  gave  excellent 
results  in  the  summer,  and  better  results  than  the  plate 
presses  in  winter. 

3.  That  in  cold  weather,  the  sludge  obtained  trom  the 
Dorr  thickener  settling  basins  is  so  stale  that  it  becomes 
much  more  difficult  to  handle. 

t  That  sludge  taken  directly  from  the  aeration  tanks  in 
winter  and  dewatered  in  plain  settling  basins  to  98  per  cent 
can  be  pressed  more  readily  than  sludge  drawn  from  the 
Door  thickener.  The  reason  for  this  is  that  the  bacteria 
in  the  areation  tanks  do  not  digest  the  organic  matter  thor- 
oughly when  the  temperature  of  the  sewage  is  below  55°  F. 
Such  undigested  sludge  turns  septic  in  the  Dorr  thickners 
and  becomes  colloidal   in  structure. 

Hoping  to  overcome  this  unfavorable  condition  many  tests 
were  made  by  adding  commercial  sulphuric  acid  to  the  sludge 
before  pressing.  The  principle  of  the  acid  treatment  depends 
upon  a  modern  theory  of  colloidal  chemistry  which  holds 
that  colloidal  bodies  bound  together  by  combination  of  posi- 
tive and  negative  charges  of  electrkt} .  can  be  split  apart 
by  adding  an  excess  of  negative  acid  electrons. 

When  enough  sulphuric  acid  was  added  to  the  waste  sludge 
to  make  the  liquid  slightly  acid,  the  sludge  generally  pressed 
more  rapidly  than  when  acid  was  nol  added.  The  volume 
of  acid  required  varied,  but  in  general  sludge  containing 
from  50  to  100  parts  per  million  of  acid  to  methyl  orange 
indicator  gave  the  best  results.  It  also  was  found  that  the 
sludge  has  a  tendency  to  change  back,  gradually,  from  acid 
to  alkaline.  Upon  making  accurate  laboratory  tests,  it  was 
proven  that  the  methyl  orange  neutral  point  produces  in  our 
sludge  a  pH  value  of  about  4,  and  that  sludge  acid  to  methyl 
orange  to  the  extent  of  100  parts  per  million  has  a  pH  value 
in  the  neighborhood  of  2.8. 

In  order  to  illustrate  the  relative  advantage  of  pressing 
aeration  tank  sludge  dewatered  in  plain  settling  basins  with 
sludge  dewatered  in  Dorr  thickeners,  data  obtained  in  Feb- 
ruary, 1920,  are  given  in  the  following  table: 


Id  re- 

l.tis.  action  to 

Date,      '.  moisture  in  ol         Time       Methyl 

source  of        1920.      sludge      press  irange 

Sample.  Feb.     to  press,      cake  cake.    In  hours,  (p. p.m.). 

2  98.1  (7.2  212  0.6  60 

3  97.9  79.9  223  6.5  15 

Stale  sludge  from 

Dorr  thickeners  5  97  •  80  .".  18S  G.G  40 

In  order  to  illustrate  the  relative  efficiency  obtained  by 
pressing  winter  sludge  as  compared  with  summer  sludge, 
data  obtained  in  February  and  in  August,  1920,  are  given  in 
the  following  table: 

SLUDGE   PROM   DORE  THICKENER 
Lbs. 
■,  moisture  in  of         Time       Methyl 

Date,       sludge        press        press   required     orange 
1920 —    to  press,      cake.       cilsc.    in  hours,  (p.p.m  I         Remarks, 
Pi  i  .  :>?  l  SO. 3  188  6.5  4»        Cak,     wet     and 

too    dirty 
mothi  i 
press. 
Aug.    26..  V~S  78.0  231  1.2  25         Verj    fine  cake. 

Bags   are   clean 
enough    for 
more  pressing. 

Records  obtained  with  a  Worthington  press  in  cold  versus 
warm  weather: 

SLUDGE   PROM    DORR  THICKENER. 
Lbs  \'h!  i" 

',   moisture  in  of         Time        Methyl 

Date,       sludge        press  ■    press   reiuired     orange 

1920 to  press.      cake        cake     In  hours   (p.p.m.).        Remarks. 

April     21.  98.3  77.8  1,700  6.5  3i>         Cake    fairl- 

drj 
Aug     13  .  97.1  SO. 3  2,267  3  6  20         Very    line    cake 

and   bags   are 
clean. 

The  records  in  the  preceding  table  show  that  the  sludge 
dewatered  in  the  Dorr  thickeners  in  summer  can  be  pressed 
readily  in  any  one  of  the  usual  types  of  presses,  but  that 
during   the  winter  season  a   much  longer  time  is  needed. 

Dewatering  Waste  Sludge  by  a  Centrifuge.— Many  experi- 
ments were  carried  on  during  the  fall  with  a  36-in.  solid  bowl 
centrifuge  of  Dr.  ter  Meer's  design.  One  of  the  features  of 
this  machine  which  made  it  appear  to  be  better  adapted  to 
dewatering  sludge  than  the  type  used  in  the  experiments  in 
1919  lies  in  the  fact  that  it  dumps  its  cake  automatically. 

A  timing  device  attached  to  the  driving  shafts  can  be  reg- 
ulated by  a  simple  means  of  adjustment  to  open  and  close 
the  inlet  valve,  discharge  the  cake,  etc.,  in  periods  ranging 
from  two  minutes  to  one  hour  or  more.  The  machine  does 
not  contain  any  filtering  mediums  such  as  sieves,  cloths  or 
other  dewatering  devices  common  to  many  centrifuges  now 
on  the  market.  The  sludge  can  be  fed  into  the  machine  at 
any  desired  rate,  but  the  effluent  from  the  machine  carries 
over  some  of  the  solids  suspended  in  the  raw  sludge  and 
therefore  the  effluent  is  turbid. 

When  treating  the  activated  sludge,  consisting  of  98  per 
cent  water  and  2  per  cent  solids,  the  machine  has  been  made 
to  remove  from  10  to  90  per  cent  of  the  suspended  matter. 
The  amount  taken  out  varies  with  the  composition  of  the 
sludge,  rate  of  inletting  in  gallons  per  minute,  length  of  time 
of  inletting,  and  speed  at  which  the  drum  revolves. 

The  cake  will  vary  in  composition  according  to  the  fac- 
tors noted  above,  and  it  may  also  be  changed  in  character 
by  using  a  "skimming  tube,"  which  can  be  set  to  take  off 
trom  2  to  4  in.  of  the  portion  of  cake  nearest  to  the  cen- 
ter of  the  drum.  The  moisture  of  the  cake  can  be  reduced 
by  post  centrifuging,  or  running  the  machine  after  the  sludge 
feed  has  been  shut  off,  as  well  as  by  "skimming  off"  the  top 
layer  described  above.  The  cake,  when  deposited,  was  usually 
about  5  in.  thick. 

On  Oct.  10,  1,600  gal.  of  sludge  containing  98.2  per  cent 
moisture  were  run  into  the  machine  at  a  rate  of  26%  gal. 
per  minute.  As  a  result,  the  cake  produced  contained  only 
69.6  per  cent  of  moisture.  On  Oct.  4,  282  gal.  of  sludge  con- 
taining 97.8  per  cent  moisture  were  run  into  the  machine  in 
10  minutes  and  a  cake  obtained  which  carried  84.3  per  cent 
moisture.  These  two  runs  are  typical  of  what  the  machine 
will  do  when  operating  upon  long  and  short  periods  of  cen- 
trifuging. 

A  typical  section  of  the  Oct.  4  cake  was  divided  into  four 
parts.  The  bottom  quarter,  which  was  opposite  the  point 
where  the  sludge  entered,  contained  79.04  per  cent  of  moist- 
ure; the  next  section,  84.81;  the  third,  86.45,  and  the  top 
section,  87.54  per  cent  moisture.  Evidently,  therefore,  the 
inside  and  top  layers  contain  more  moisture  than  the  outside 
section.     This  condition  is  due  to  the  fact  that  the  densest 
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it  teni  "•  h  as 

hair,    which  carry    much    total    nitr  onlj     a    Bmall 

amoun                             trogen,  -  aJbu 

minoue   material  that    is   rich   in   avail  "'s    in 

I 

Removal   of  Tastes   from   Gas    Plant    Liquors   by   Activated 

Sludge.     Milwaukee  has  been  afflicted  from  time  to  Ume  bj 

ibling   carbol  inking 

ctlvated  sludge  hi  ol   absorption   tor 

such  materials,  a  id  out  at  the  Mil 

waukei  Btlng  Btatlon  by  adding  measured  volumes 

imonia   condensation    liquor" 
one  of  our  aeration   tanks.     Tin-   conden 
contain  1.44   grams  ol    phenol    (carbolic  acid)    per   1,00 
of  liquor.    This,  when  mixed  with  conden  etc.,  as 

delivered  to  us,  carried  0.78  grama  i  Phe  "A    C." 

liquor  contained  some  cresol,  Bulpho-cyanide,  sulphur  phenol 
ami  other  taste  producing  compounds. 
Liquid  chlorine,  such  as  is  used  to  Bterilize  the  citj   water. 
prodi  b       ome   of  tl 

Therefore  the  raw  a.  c.  liquor  was  diluted  and  chlorinated  to 

see  how   strotic    it    was    ll  lucing    power      'I'll,     tl     h 

one  part  of  the  liquor  could  be  detected  easil3 
in  40,000  parts  of  chlorinated  lake  water  This  "A  C."  liquor 
was  added  i,  [on   lank   in  a  con- 

tinous  Btream  from  Aug.  31  to  Sept.  In.     'lie    quantity 

en  0.8  per  cent   and  9.1   per  ci  wage  flow. 

No   taste   of  consequence   «  red    in    the   effluent 

from  the  final  settling  basin-  m  one  or  two  occa- 

sions. At  such  times  the  taste  was  so  slight  that,  when  the 
effluent  was  diluted  with  an  equal  volume  of  lake  water,  no 
taste  could  be  noted  in  the  diluted  sample 

irding  to  the  figures  now  available,  the  volume  of  "A. 
C."  liquor  will  not  exceed  1  per  cent  of  the  sewage  flow  even 
if  the  present  coke  and  gas  works  are  enlarged  to  double 
capacity.  For  that  reason  the  sewage  disposal  plant  should 
protect  the  water  supply  from  tastes  produced  from  ammonia 
condensation  liquors  cast  into  the  sewers  in  the  future. 


Portland  Cement  Output  in  December 

The  production  of  finished  Portland  cement  in  the  United 
States  in  December,  1921,  was  approximately  6,559,000  bbls., 
according  to  a  press  notice  of  the  U.  S.  Geological  Survey. 
As  compared  with  the  production  in  November,  8,921,000 
bbl..  this-  represents  a  decrease  of  2,362,000  bbl.  A  seasonal 
decline  was  to  be  expected,  and  though  the  production  in 
December,  1921.  was  less  than  in  December,  1920,  it  was 
about  14  per  cent  more  than  the  average  for  December  from 
1917  to  1921.  The  production  in  1921,  98,293,000  bbl.,  was 
■  per  cent  of  that  in  1920,  ami  was  greater  than  that 
for  any  other  pi    1920. 

The    shipments    in    December,    following    the    usual    trend, 
d    a    decrease    from    those    in    November.      The   move- 
ment in  December  bl  .  was  over  9  per  cent  greater 
than    that    in    December,    1920,    but    was    slightly    below    the 
average  f...    December  during  the  last  Ave  years.     The  ship- 

tnade  during  the  last  hall  oi   1921,  54,976, bbl.,  were 

approximately  the  same  ,st  half 

in    1921,   about   95,061,000  bbl., 
120 

.in  h.  d  cement  wore  In 
manufacturers  at  the  end  ol  1921,  as  com- 
pared with  8,941,046  bbl.  at  the  end  ..f  1920.     This  total  ex- 
B   slocks   in   hand    at    the   end    of   Hie   year 
from    1917    to    1921    by   l  from    April    until 

finished   cement   decreased    steadily,   but 
ocks    are 
mulated  during  the  colder  months  In  antb 
large  requirement  in  the  month'   •■;   active  demand 


Motor   Car   Production    In    1921.— A   total    of    1,680,000    auto- 
mobile and  motor  '  made  in  1921,  a  di 

•...i,  ,,f  -I  per  cent     <>:  were 


Effect  of  Gas  Plant  Wastes  on  Taste 
and  Odor  of  Water 

The  discharge  ol  liquid  wa  ti  from  bj  product  coke  ovens 
and    commercial    uas    plant      Into    streams    ami    lakes    from 

which   water  BUpplli  e,   during   the  past 

ter  o  oncei  a  to  many  medium  sized 

and    se\  era]  due  to  i  eeable 

)i it  h   the  -     wastes    impart    to  the   water.   ' 

Some   Interesting  points  en   the  matter  were   brought  out 

bj    Mr.    «'    A.    Bmerson,    Jr.,    Chlet    Engineer    Pennsylvania 

state  Department  ol  Health,  In  the  p<  poslum  of  the 

American   Society  ol  >'■  Water   supply  and 

Water  Purification,    In  the  subsequent  discussion   Mr.  C.   M. 

State    San.:  .i-    ni    the    Wisconsin     State 

Board  oi  Health,  gives  some  partlculai  experiences 

in  his  state.     \\',.  are  reprinting  the  matter  following  from 

the  December  ami  January   Proceedings  of  'he  So 

Interference  with  Water  Filtration   Plant   Opera- 
tion by  Wastes  from  By-Product  Coke 
Ovens  and  Gas-Works 
By  C     \     I     IERSON,  JB 

As  the  superiority  of  bj  product  coke  ovena  ever  the  old 
beehive   type  is  now   full  I    bed,    it    follows   that   the 

number  and  capacity  ol   these  installations  will  undoubtedly 
increase.      By-product    ovens    of    necessity    must    be    located 
aablj    close  to  a  steel   works  or  a  large  municipality   in 
to  secure  a  ready  Hie  gas  given  off  during 

the  coking  of  the  coal,  and,  therefore,  it  is  almost  certain 
that  interference  with  surface  water  supplies  will  also  in- 
crease, if  proper  precautions  are   not    taken 

The  wastes  from  the  tai  -  parators,  the  ammonia,  benzol, 
and  naphthalene  stills  ol  b\ -product  coke  ovens,  together 
with  the  sludge  removed  fn  m  the  various  gas  an  oil  mains 
throughout  the  plant,  imp. in  a  characteristic  taste  to  river 
water.  This  taste  may  pel  i  I  tor  days  and,  after  transpor- 
tation for  many  miles.  In  in  the  effluent  from  well  ' 
operated,  water  filtration  plants  of  modern  types,  taking  their 
raw  water  supply  from  the  stream.  The  application  of 
chlorine,  even  in  the  minute  quantities  used  for  water  sup- 
ply treatment,  seems  to  accentuate  rather  than  diminish 
these  taste-producing  characteristics,  Tnder  favorable  con- 
ditions, dilutions  as  great  as  several  million  parts  of  chlori- 
nated water  to  one  of  the  wastes  have  failed  to  cause  com- 
plete  disappearance   of   this    taste. 

Remedy  for  the  Pollution  Lies  Within  the  Works. — Fortu- 
nately the  remedy  for  this  pollution  lies  within  the  works,  and 
consists  simply  of  evaporation  of  the  contaminated  liquid 
wastes  by  using  them  for  quenching  or  cooling  the  glowing  coke 
taken  from  the  ovens.  The  waste  water  which  is  not  turned 
into  a  cloud  of  steam,  but  passes  through  the  quenching  plat- 
form, is  intercepted  in  settling  basins  and  again  used  for 
quenching.  In  all  the  plant-  coming  under  the  speaker's  ob- 
servation, the  water  requirements  for  coke  quenching  have 
exceeded  the  volume  of  contaminated  wastes,  so  that  this 
remedy  has  not  worked  a  hardship  on   the  owners, 

That  the  remedy  is  effectivi  i  evidenced  bj  the  fact  that 
the  largest  by-product  coke  oven  Installation  In  the  world 
is  operating  on  the  Monongahela  River,  10  milea  above  the 
Intake  of  a  municipal  waterworks,  without  causing  contami- 
nation of  the  supply.  Take  another  stream  In  Pennsylvania 
as  an  example:  The  Installation  of  appliances  for  using 
liquid  wastes  from  stills  for  quenching  the  coke  silenced  com- 
plaints among  the  consumers  of  filtered  water  in  several 
municipalities  along  the  Btream  about  70  miles  below  the 
works.  That  the  method  is  bi  yond  the  experimental  stage  is 
indicated  bj  the  fact  that  It  ha  been  In  successful  use  at 
numerou  plant  for  several  years  and  that,  In  some  Inst 
the  volume  oi  liquid  waste    evaporated  Is  I  1,000.- 

daily. 

Interference  with  water  supplies  bj  the  waste-  from  plants 
producing  water  gas  for  Illuminating  and  power  purposi 
been    noticeable    In    din.  ol     the    United 

Definite   evidence    that    the    tastl       due   tO   these   v 

tent    or  that  the]  i  cted  In  as  high  dilutions, 

ova    b]  prodncl    coke   ovens,   seems   to   be   lacking. 

..Ver.      BUffiCienl       evidence      to      jUstil.V       tile 

men!  that  thi    raw   wasti  i    plants,  when  subjected 

ti)    ilil  iii  .  ,    will 
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cause  tastes  after  transportation  bj  the  tream  for  several 
miles,  With  these  wastes,  also,  the  taste  producing  charac 
teristlcs  are  accentuated  by  chlorinatlon  ol  the  drinking 
water  taken  from  the     trea  m 

Aeration  of  Considerable  Value.— Aeration  Of  the  raw  water, 
iims  contaminated,  prior  to  nitration  eems  i>>  be  "i  consld 
arable  value,  but  in  this  case,  again,  a  certain  ami  effective 

remedy    ran   be   developed   at   the   gas-works.     11    has    i □ 

found  that  installation  of  settling  and  skimming  basins  to 
permit  the  removal  of  the  greater  portions  of  the  heavier 
tars   ami    the    lighl    Boating   oils,   with   the   circulation   of   the 

basin  effluent  for  re-use  in  the  "gas  scrubbers,"  will  n nlj 

materially  decrease  the  proportion  of  acthe  last, 'producing 
constituents,  but  will  reduce  the  volume  of  wastes  reaching 
the  stream  to  a  small  fraction  of  that  which  occurred  before 
the  water  was  re-circulated  through  the  plant.  In  addition, 
the  company  recovers  marketable  materials  1.1  offset  the  cost 
of  operating  the  circulating  pumps. 

In  one  instance  coming  to  the  speaker's  attention  recently, 
it  was  deemed  advisable  to  require  the  gas  company  to  go 
even  further,  and  to  keep  all  liquid  waste's  from  the  stream. 
This  company,  by  the  use  of  settling  basins  and  circulating 
pumps,  had  decreased  the  volume  of  wastes  from  50,000  to 
about  5,000  gal.  per  day.  This  waste  was  high  in  turbidity. 
had  an  oily  appearance,  and  was  brown  in  color,  but  it  was 
found  that  after  straining  it  through  a  layer  of  coke  breeze, 
about  6  or  8  in.  in  thickness,  and  receiving  a  moderate  ap 
plication  of  ferrous  sulphate  solution,  it  could  be  passed 
through  a  small  sand  filter  at  a  rate  of  about  400,000  gal  per 
acre  daily  and  then  become  a  satisfactory  boiler  water.  Con- 
trary to  all  expectations,  the  sand  filters  did  not  clog  Imme- 
diately, but  were  operated  for  runs  of  several  days'  duration 
between  scrapings. 

Occasionally,  there  has  been  doubt  as  to  legal  authority 
to  require  abatement  of  the  class  of  pollutions  described, 
as  the  laws  controlling  stream  pollution  due  to  the  discharge 
of  industrial  wastes  are  weak  and  vague  in  many  states; 
however,  instances  are  recorded  where  applications  for  re- 
straining injunctions  have  been  granted  under  the  broad 
general  rights  of  lower  riparian  ownership  and,  accordingly, 
it  is  believed  that  in  a  surprisingly  large  number  of  cases 
definite  obligations  can  be  imposed  on  owners  of  such  works 
to  prevent  troublesome  stream  pollution. 

Experiences  at  Milwaukee 

By  C.  M.  BAKER. 

In  the  fall  of  1918,  before  the  speaker  took  up  the  work 
with  the  State  Board  of  Health,  exceedingly  object 
tastes  and  odors  prevailed  in  the  water  supplied  to  thi  Citi 
zens  of  Milwaukee.  In  fact,  it  has  been  authentically  stated 
'hese  conditions  were  so  severe  as  to  make  the  use  of 
foods  cooked  in  the  water  objectionable.  The  taste  was  ordi- 
narily described  as  a  medical  taste,  and  did  not  resemble  the 
taste  of  waters  treated  with  an  excess  of  chlorine  Further- 
more, the  tastes  and  odors  occurred  at  infrequent  Intervals, 
not  continuously,  and  the  quantity  of  chlorine  applied  ap- 
peared to  have  little,  if  any,  effect  on  the  production  of  the 
objectionable   conditions. 

An  extensive  investigation  was  conducted,  largely 
by  the  chemists  of  the  Water  Department  and  the 
City  Health  Department,  which  consisted  in  the  collection 
of  samples  of  water  from  the  rivers  and  harbors  in  Milwau- 
kee, and  also  of  different  industrial  wastes.  These  samples 
were  treated  with  an  excess  of  chlorine,  which  later  was 
driven  off  by  boiling,  and  the  test  was  made  by  tasting  or 
smelling  the  samples  thus  treated.  It  was  determined  in 
this  way  that  the  taste-producing  properties  were  confined 
exclusively  to  those  wastes  from  industries  producing  coal- 
tar  derivatives;  other  wastes  seemed  to  have  no  effect.  It 
was  further  determined  that  phenol  was  the  most  objection- 
able substance  in  producing  these  conditions.  The  investi- 
gators claimed  that  by  their  method  of  testing,  previously 
mentioned,  the  presence  of  phenol  in  a  solution,  as  great  as 
I  part  in  500,000,000,  could  be  detected.  At  that  time  (1918), 
the  State  Board  of  Health  and  the  Governor  of  Wisconsin 
were  consulted.  Numerous  hearings  were  held,  and  finally 
by  testing  samples  collected  from  Lake  Michigan,  the  source 
of  the  trouble  was  traced  directly  to  a  Government  phenol 
plant  at  Carrollville,  about  15  miles  from  the  Milwaukee  in- 
take. The  matter  was  taken  up  with  the  Government  and,  in 
the  falU  of  1918,  this  plant  was  closed. 


It  was  thought  thai  the  closing  ol  the  Carrollville  plant 
ii.ni  eliminated  the  objectionable  conditions;  but  a  slight  re- 
currence of  the  odor  was   noticed    In    Dei       bei     L919,   and 

in  March  or  April,  1920.  This  latter  Condition  was  more  se- 
vere  than  thai  ol'  December,  .mil  the  State  Hoard  of  Health 
was    again    called    in    consultation.      At    I  hat    time.    I  he    plant 

at  Carrollville  was  operating  on  an  entirely  different   basis, 

and   was   dischargin i   wastes   into  the   lake.      It    was 

el.  therefore,  thai  tile  source  ol  the  pollution  was  else- 
where The  previous  Investigation,  however,  had  laded  to 
-how  the  taste-producing  quality  in  any  of  the  samples  col- 
lected in  the  harbor  or  the  rivers.  II  was  apparent,  there- 
fore, that  the  evidence  was  not  conclusive  against  the  two 
or  three  plants  in  Milwaukee  known  to  produce  wastes  which 
were  apt  to  cause  the  objectionable  conditions.  A  rather 
complete  investigation,  therefore,  was  outlined  and  under- 
taken. Thousands  of  samples  were  collected  from  the  rivers 
and   harbor,  and  tested. 

Three  rivers  enter  the  harbor  at  Milwaukee,  namely,  the 
Milwaukee  from  the  north,  the  Menomonie  from  t ho  east, 
and  the  Kinnickinnic  from  the  south.  The  Milwaukee  Coke 
.*.-  Gas  I'o.  discharges  its  wastes  into  a  slip  tributary  to  the 
Kinnickinnic  River  and  the  .Milwaukee  Gas  Light  Co.  directly 
into  the  Menomonie  River.  The  Milwaukee  River  and  the 
Kinnickinnic  River  are  Hushed  by  tunnels  from  the  lakes; 
tlie    Menomonie   River,   however,    is   not    Hushed. 

In  the  testing  of  samples,  it  was  soon  learned  that  there 
was  only  occasional  taste-producing  qualities  in  the  samples 
collected  from  the  harbor  outlet.  By  continuing  the  tests 
up  the  stream,  the  Milwaukee  River  was  eliminated  as  a  fac- 
tor, but  lather  intense  concentration  was  found  in  the  Me- 
nomonie River — coming  from  the  east — particularly  just  be- 
low the  Milwaukee  Gas  Light  Plant.  On  one  or  two  occa- 
sions the  taste-producing  quality  was  observed  in  the  water 
at  the  mouth  of  the  Kinnickinnic  River,  and,  on  a  few  oc- 
casions, in  the  harbor  outlet.  A  careful  study  of  the  relation 
of  wind  conditions  with  reference  to  the  taste  in  the  water 
supply  indicated  quite  conclusively  that  the  conditions  neces- 
sary to  cause  tastes  were  a  west  wind,  followed  almost  im- 
mediately by  a  southwest  wind.  Certain  intensity  and  dura- 
tion  of   the   wind    was   also    necessary.      Furthermore,    it    was 

arned  thai  samples  collected  from  the  harbor  outlet  showed 
taste  on  test  only  during  westerly  winds.  It  was  concluded, 
therefore,  that  the  conditions  causing  taste  and  odor  in  the 
Milwaukee  water  supply  were:  First,  the  accumulation  of 
wastes  from  the  Milwaukee  Gas  Light  Co.  in  the  Menomonie 
River  and  from  the  Milwaukee  Coke  and  Gas  Co.  in  the  slip 
tributary  to  the  Kinnickinnic  River;  and,  second,  by  west 
winds  carrying  the  accumulated  pollution  out  of  the  harbor, 
followed  by  southwestern  winds  carrying  the  pollution  to 
the  water  intake. 

The  solution  suggested  was  to  provide  for  the  continuous 
discharge  of  the  wastes,  thus  prohibiting  the  intermittent 
discharges  caused  by  changing  winds.  The  wastes  from  the 
Milwaukee  Gas  Light  Plant,  therefore,  were  pumped  into  a 
I  discharging  directly  into  the  Milwaukee  River,  which 
sewer  is  flushed  daily.  The  slip  which  receives  the  waste 
from  the  Milwaukee  Coke  and  Gas  Co.  was  dammed  and  a 
pipe  carried  back  of  the  dam  for  a  distance  of  about  40  ft., 
to  provide  [or  the  gradual  discharge  of  the  waste  from  this 
slip.  These  changes  were  made  about  a  year  ago,  and  there 
has  been  no  recurrence  of  the  objectionable  conditions. 


Sixty-five  Illinois  Cities  Have  Commission  Government. — ■ 
Up  to  Feb.  1,  65  cities  in  Illinois  had  adopted  the  commission 
form  of  government.  Springfield  adopted  the  commission 
system  on  Jon.  2,  1911.  Moline  and  Rock  Island  followed 
the  next  day,  and  16  other  cities  took  similar  action  during 
the  year.  Every  year  since,  except  1918,  has  seen  new  mu- 
nicipalities added  to  the  list.  Under  the  commission  govern- 
ment law  of  Illinois  the  administration  is  placed  in  the  hands 
of  a  council  composed  of  a  mayor  and  four  commissioners, 
each  having  a  department  of  the  city  government  under  his 
control,  the  mayor  holding  the  helm.  The  chief  executive 
however,  holds  no  veto  power  and  as  presiding  officer  of  the 
council  has  but  one  vote. 


Water  Power  Developments. — In  the  16  months  following 
passage  of  the  Federal  Water  Power  act  there  were  filed 
with  the  Federal  Power  Commission  185  applications  for 
preliminary  permits  and  85  applications  for  license  to  de- 
velop water  power. 
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Proper    Charges   for   Fire    Protection 

By   MKNin    i.    GR  VJ 

[  Tliis  study  and  analyst    ■■!  wati  ■     •""'  '  ar" 

.  pared  bj    Mr    Graj    In    ' 
Power  &   bight  Co.  <>n  its  water  plant  and  bu 

in   the   Clt]    Ol    Yakima.   Wash,       t  .'""    >3 

:    to   the   apportionment    of   propertj    used    Jointly    in 
ag  ordinary  commercial    •  -;  Are  '"'"'■ 

At  its  conclusion  there  i-  given  a  ven   valuable  table  showing 
proportions  <>r  plant  values  and 

with  a  page  reft  official  report  i ach. 

Gray's  report  In  full  with  the  t  sception  ol 
itics   trom   reports  ol    the   Wisconsin 

fi     ('(intra. 

With  its  present   population  and  area,  the  city  ol  Yakima 

should    pay   annually    to   the    Pacini     Powei    &    Ughl    Co,    tor 

in    providing    Bre    protection    tor   the   city,    the 

- 
Determination  and   Discussion.    -The  amount   which  the  city 
in  Yakima  should  pay  aniiualh  to  the  Pacific  Power  &  Light 
tion  Bervice,  oi   (33,883  A  ■'<   bj 

the  use  ol  the  Maximum  Demand  Method  ol  plant  apportion- 
ment, this  method  having  been  i  b}  the  Rail- 
i    ..I    Wisconsin,   and   bj    other  commissions. 
it  has  the  sanction  ol  all  leading  writers  "pun  the  subject 
At  the  present  time  the  Dumber  ol   Bre  hydrants  Installed 
il   Yakima  la  L6E      rhese  hydrants  have  been  In- 
stalled at  thi                      the  city,  and  are  owned  by  the  city. 
ervice   charge   for   Bre   protection,   the   city   pays   the 

■iv  at  the  rat $3.75  per  month,  or  $45  1 1 

hydrant,  or  a  total  annual  gross  payment   for  tiro  pro- 

-    126.     it    is    proposed    to    Increase    this 

gross  revenue  trom  fire  protection  sei  >00  per  month, 

per  yen.  without  any  limitations  upon  the  number 

of   hydrants    which    the    citj    may    install    in    connection    with 
■   :i  oi  mains.    In  vie*  ol  the  substantial  in- 
crease  to   the  city   in   the  cost   ol    tire   protection,  it    is  neces- 
i   the   Department   of   Public   Works  certain 
ind  figures  in  substantiation  ol  the  proposed  increase. 
The    Apportionment    Problem. — It    is    accepted    as    funda- 
mental that  every   water   system,  whether  privately   or   pub- 
licly     owned,      is      entitled      to      receive      sufficient      reve 
nue  to  compensate  it  for  all  reasonable  expenses  incurred  in 
furnishing    its    service,    including    the    COSt   of   operation    and 
maintenance,   taxes,   replacement   charges,  and  a  reasonable 
return  upon  the  fair  value  of  its  property.     Having  determined 
the  fair  compensation  which  the  water  system  should  receive 
from  -   a   whole,  the  uuestion  then  arises  as  to 

what  portion  Of  the  total  revenue  should  be  provided  by  the 
different  divisions  of  service,  which  may  be  stated  to  be  as 
follows:  (1)  to  supply  water  lor  private  uses;  (2)  to  supply 
water    mr   public    use   o  '    sewers,    fountains, 

public    build!  (3)     to     furnish     fire    protection    to 

property. 

Customs  and  Authorities.— The  cost  of  public  fire  protec- 
tion must  necessarily  be  borne  by  the  property  directly  re- 
ceivlng  the  benefit  oi  tb  •  accepted  by 

all   leading   writers  on   the   subject,   and   by  all  commissions 
having  to  do  with  the  regulation  of  rates     The  point  at  which 
i    opinion    diverges    is   the   m  riving   at   the 

proper  charge  foi  iter  Is  paid 

for  upon  the  basis  of  the  amount  used,  but  it  is  well  rec- 
ognized that   the  amount   ot    water  actual!}    coi 

a  ill  reflect   only  a   Bmall   percentage  ol   the 

i  rvice      The 

•  mile   work  on  pub  upply,  by  Turneaure 

ommenting  upon  th<  -rvice 

rmsly   outlined,  states: 

"In    (1  i    and    CI)   • '  ipprox- 

or  fir- 

water  used,    for  v.  h 

the  tot 

rump  I 

■ 
.         .,.■!,      .stem   of  charging   for  fire   protection    upon 
:    basis    waB    lone 

r  published  dealing 

tei  tlOn    service 


A.i-  that  entitle, i,  ■■Siune  fundamental  Studies  in  the  Deter 

niinati< i    a    Reasonable    Return    for    Public   Fire   Hydrant 

Service,"  prepared  by  Met  i  Metcall  Kuichllng  and  Hawley, 
report,,!  in  the  l'.ui  Proceedings  ol  the  American  Water 
Works  Association,  on  pagi  In  this  article,  it  is  stated: 

i   public  to.    pi  itei  i Ion  si 
s  by  an  actual   rent  'i  per  hydrant      ••••*•    It  is   believed 
ihai  this  metha  iltable  one  than  would  \<e 

a  payment  of  a  lump  sum  f..i   public  hydrant   service,  granting  to 
i 

Number  of  Hydrants  No  Criterion.     The  m  stem  ol  I  Barging 

toi    Are   protection  upon  thi    b  tain  Bum  per  hy- 

drant, which  sinn  generally   approximates  the  corresponding 

rental    charged    in    Other   Citie       without    any    regard    what 

to  the  proper  charge  to  bi  Bre  protection  sei 

[a  an  ancient  system;  but  it  Is  difficult  to  see  why  it  still 
exists,  iii  view,  ol  the  facl  that  regulator}  bodies  all  over  the 
country  have  condemned  it  As  the  Wisconsin  Commission 
stated  In  the  Oconto 

"The  cosl   ol  furnishing    Rn     protection   bears    little   relatl 
thi    number  of  hydrants.     The  demand   upon  thi 

hams.    Put    is   detl  ' 
In.     i  isks.    which    A 

i  cei 
In  other  words,  the  cosl  ol  furnishing  Are  protection  I 

red  by  the  pro  rata  cost  of  furnishing  a  certain  quantity 
of  water,  but  Instead  coi  principal!}  of  investment 
charge  dui  to  providin  of  sufficient  capacity  to  care 
for  the  demands  ol  a  cit>  during  conflagrations.  Therefore 
the  cost  ol  lire  protection  is  very  largely  made  up  of  fixed 
oi  interest,  replacement  charges.  So  II 
follows  that  the  Brt  tep  In  arriving  at  a  proper 
charge  for  tire  protection  in  thi  case  of  any  plant  is  to  de- 
termine what  part  of  such  plant  should  be  considered  as 
being  required  on  account  ol  tb cessit}  ol  adequate  pro- 
vision for  the  extinguishment   of  fires. 

\i   this  point   ii   may  be    .veil   to  state  that  am  one  disagree- 
ing with   this  conclusion   will   receive  little  comfort  from  the 
decisions  of  Commissions  and  Courts,  for  an  analysis  of  • 
decision  on   this  question    which   lias   been   rendered  by    n 
lator}    In. dies  shows  that    those  experts  have  very  promptly 
considered  the  necessit}    ol   primarily  apportioning  a  certain 
ii  the  plant  to  fire  protection  service.    The  only  differ- 
in.     of  opinion  have  iie.i    as  to  the  method  of  makln 
apportionment. 

Methods    of    Apportionment.     In     general,     thi. 
have  been   followed  in   apportioning   watei    systems  between 
fire    protection    service   and    other   service.     These    methods 
may   be  referred  to: 

1 1 1     The  Residue   Planl    A   'hod. 

(2)  The  Comparative    Plant    Method. 

(3)  The   .Maximum   Demand   Method. 

■i !,,  Hrs(  method  referred  h  based  upon  the  assumption 
that  a  water  system  is  designed  primarily  for  domestic  and 
industrial  purposes,  and  that  owing  to  the  necessity  of  pro- 
viding fire  protection,  certain  additional  facilities  in  the  waj 
of  increased  size  of  man  u  I   be  provided      TJ 

i  refore  i  onslsl     in  ai  rn  ing  at  an  approi 
duction  cost  ol  the  plant  as  a  whole.    The  next     I 

in  arriving  at    the  repri"!  Ol   B    plant   sufficient   only 

to    provide    for   service    ol  "'•      Tue    dlf- 

b,  tween   the  two   n  production  costs   is   presun 

in  dollars  that  pan  ol  thi    planl  required  Bolely  I 

,,,„,    purposes      it    requires   onl}    a    moment's   thought 

to  demonstrate   tl itreme   tall.,.  %    ol    tins   theory.     In  the 

tantial  portion  ol  the  cost  of  that 
part  of  a  water  system  used  tor  Are  protection  purposes  bears 
Little  i  ;  irovided  for  tire  pro- 

Ol    mains       This    is    particularly 
oi   ii,,-  mains   themselves,  where  a  substan- 
tia]  part    rn    the   cost    La   due   to   trenching  and  back   filling. 
There  Is  ven   little  more  co  I  to  trenching  and  back  filling 
0)  a    1"  In.   main  than   in  the  case  of  a  6  in.  main. 
Now    it   might    logtcall}  A  that   a   water  system  is 

prlmarU}    constructed    toi    Bn     protection    Bervice,    In    which 

n. the  cosl  ..i  trenching  and  back 

tilling  would  be  shift bal  by  a  slight 

isumptlons,  the  percentage  of  plant  to  be  assigned 

proti  •  no ii  sen  Ice  won!  ;  '  •'■  :""' 

hich  will  provide  two  different  answers  from  the 
inythlng   more  than 
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a  noveltj      However,  this  method  lias  been  usd  to  a   limited  cost  of  which  propertj   was  directlj  affected  l > >   reason  of  its 

extent  by  regulator]   bodies,  and  is  advocated  by  Mr.  Joseph  use  in  rendering  fire  protect 

Qoodman  In  bis  article  entitled.  "Determination  of  the  Value  Water   rights  

et  In.    Protection  Offered  bv  the  Queens  Countj    Water  Com  Substitute  supplj   Lin 

„an>'    (Proc    Am.  W.  W.    \ssn.   L916).  ^:::[:r: 

The   second,   or   Comparative    Plan,     M                       tnuch    n <»& 

logical,  in   that  it   requires  the  determination   of   the   repro 

Suction   cost    of   a    system    to   provide    tor   all    service    Othei 

than    lire   protection,   as   well   as   the   reproduction    cost    of   a  Maximum    Demands.     Tins    property    may    he    apportioned 

system   lor  tire    protection   only.      In  this   manner   it    Is   possible  between    lire    protection    service    and    Other    Service    upon    the 

to  determine  a  relation  between  that   pan   of  the  plant   re-  D»R*s  of  maximum  minute  demands,  as   follows: 

quired  for  fire  protection  service  and  for  other  service.    This  The  average  consumption  oi   svatei    In    Yakima   per  minute 

method  is  advocated  by  Mr.  John  W.   Alvprd   in   his  article,  of  time  during  the  calendar  years   1918,   1919  ami   1920,  was 

Ml.     Hydrant    Rentals  and   Better   Methods   ol    Appor  approximately  850  gallons,     it   is  a  recognized  principle  thai 

Honing     Fire     Protection     Cost."       (Proc.      Vm      \\       W.     Assn.  'he    maximum    minute    demand    tor    nil    i'                        ter    Hum 

1914.1      It   was  also  used  by  the  Wisconsin   Commission   in   its  'ire   purposes    will    he    from    2    to        time      the   average   minute 

pioneer   Case    Ol    CitJ    of    Ashland   v.   Ashland    Water    Company  demand   for  a  yearly  period.      1      in-    He     factor  Of  3,   il    is  found 

(WRCR.   -I.    I'.   27:'.  i.   and   has   been   followed    to   a    considerable  ,,1:"    ""'    probable    minute    demand    in    Yakima    for    purposes 

extent  ill  all  later  cases  of  the  same  kind  decided  by  the  Wis-  other    than    extinguishing    fires    will    he    approximately    2,650 

consiii  Commission.     The  trouble  with  this  theory  is  that  if  '■■  '*•  M.;  but  on  account  of  unmetered  uses,  it   is  advisable 

carried   to  its  logical  end  it  requires  a   vast   amount   of  work,  to   increase  this  to   2,650  G.   P.   M. 

and   approaches   the  realm   of  conjecture.      And    inasmuch  as  According  to  the  formulae  commonly  used,  which  take  pop 

the    relative    reproduction    cost    of   each    of   the    hypothetical  ulation    into   consideration,   the   number  of   250  G.    P.    M.    tire 

systems  will  depend  to  a  considerable  degree  upon  the  de-      streams  which  might  he  required  in  Yakima  at  any  timi 

niand  which  is  to  be  imposed  upon  each  system,  this  method  are  12.  delivering  a  total  of  3,000  G.  P.  M.  However,  it  Is 
in  fact  is  nothing  more  nor  less  than  the  third,  or  .Maximum  probable  that  such  delivery  is  considerably  in  excess  of  the 
Demand  Method.  This  is  made  quite  clear  by  the  Wisconsin  needs  of  Yakima.  According  to  the  Fire  Department,  a  very 
Commission  in  the  Ashland  case.  serious  fire  could  be  handled  with  1,500  G.  P.  M  .  which  would 
The  third  method,  or  the  Maximum  Demand  Method,  is  b.e  available,  as  the  old  pump,  operating  at  120  lb.  can  de- 
reallv  the  method  which  has  been  generally  used  h\  the  Wis  liver  :;  Streams,  or  650  G.  P.  M..  while  the  new  pump  can 
cousin  Commission.  It  involves  the  determination  of  the  re  handle  4  streams  at  120  lb.  delivering  1,000  G.  P.  M.  There- 
lation  between  the  maximum  demand  liable  to  be  imposed  '""''  let  ll  be  considered  that  the  demand  of  the  fire  protec- 
tion the  system  by  the  fire  department,  and  that  imposed  """.  service  wil1  be  equal  to  the  capacity  of  the  fire  fighting 
upon  the  system  by  service  other  than  fire  protection.  A  equipment,  or  1,650  G.  I".  M.  The  sum  of  the  two  demands 
comparison  of  these  two  demands  indicated  what  part  of  wl"  be  u""  (;  >'  M->  ""  wnlcn  the  fire  demand  of  1,650 
tli-  system  should  be  assigned  to  fire  protection  service.  t;-  ''■  M'  wUI  be  approximately  38  per  cent.  Therefore  upon 
It  is  a  method  advocated  bv  Mr.  Kuichling.  and  in  one  of  its  ""'  demand  basis,  38  per  cent  of  the  jointly  used  property 
leading  cases,  or  that  of  the  City  of  Janesville  v.  Janesville  shown  as  baving  a  construction  cost  of  $615,047,  or  $233,718, 
Water  Company  (WRCR.  7,  P.  628).  the  Wisconsin  Commis-  ;hould  be  assigned  to  jflre  protection  service.  The  fixed 
sion  discusses  it  as  follows:  charges    upon    the   same,    or    13    per   cent,    would    be    $30,383. 

..    .   .,                          ,           ,       .    . ,      .          ,              ,  having   $90,672    of    fixed    charge    to    be    provided    from    other 

Assuming   that    the   maximum   demands   ol    lie     two   classes   of  r                    nv/m    uura 

serv  ice 
service  will  coincide,  the  fire  demand  has  been   found  I nstitute 

44  ,jer  cent,  and  the  general  demand  56  per  cent,  ol  the  total      in  Operating   Expenses. — The  operating  expenses  for  the  year 

practice,  it  is  not  at  all  probable  that  the  maximum  a<  mand  of  one  1920  amounted   to  $43,895.     Of  these  expenses,  the  following 

service  will  be  exerted  at  the  same  time  as  the  greatest  demand  were   directly  affected   by   the   fire   protection   service. 

tor   the    other.     *     *     •    An    apportionment    on    the    basis    of    the 

*  ,  Pump  station    labor    $  9  00 

separate   maximum    demands,    therefore   may   result    in    somewhat  Lubricants                                                                       1850 

less  than  its  fare  share  or  capacity  expenses  being  charged   to  the  Miscellaneous  supplies  and  expenses   .72 

tire   service.     •     »     •     Although    the   apportionments   based    on    the  Electric    power    1.635.53 

separate    maximum    demands     may     result     in     understating     the  SSSKSSS!  Pum^quipSt  ! '.  1 '.       \       \     ^Hl 

amount  properly  to  be  charged  to  fire  protection,   this   I  Total  transmission   expense    365.93 

•nent  appears  to  bring  nearer   the  correct  result    than   any  5!st-  °P-   superintendence    319.41 

other  basis  avui-,i,i»  ••  D  st-  op-  mairis  and  hydrants   128.74 

-  available.  Dlst.  op.  mlsc    supplies  and  expenses 

Other    Commissions    have    given    careful    consideration    to  Maintenance  mains,  valves  and  mlsc i 

this  method,  particularly  the  Indiana  Commission  In  the  case  $10  282  96 

of   Apple   v.   City  of  Brazil,   in   which   case    the   Commission  Unquestionably  much  of  the  remaining  $33,612"  of  expense 

adopted  the  maximum  demand  method,  and  then  used  it  im-  cou,d  be  considel.ed  as  being  due  in  part  to  fire   protectjon 

properly.     However,   it   should   not   be   inferred   that   all   de-  service     n,It  |n  ,„,,,.,   ,()  be  absoluteIy  safe,  onlv  the  expenses 

cisions  rendered  by  Commissions  touching  upon  this  subject  enumerated  above  wi]1  be  used      u  is  rather  diffi(,uIt  t0  ap. 

have  sanctioned   the  maximum  demand   method.     A   number  nortjon   thege  expenses    ,n|.    inasmucn   aa   surh   a   large  part 

oi   them   have  been   a  trifle  vague  in  regard  to  the   method  of    their    tota,    relates    tQ    the    maintenance    of    property    of 

used,   whereas  in   a   few   instances  other   two   methods  have  which  38  per  (;ent  M  assigned  to  fire  protection.   it  seems 

been    adopted.     But   in   the   great   majority   of   cases    where  fair  to  aggigI1  .„   ,eas,  Qne  third  Qf  thjg  expens6j  or  approxi. 

regulatory  bodies  have  clearly  expressed   themselves,  it  will  mate]v  $3  500    t0  the  fire  pi.otection  service. 

be  found  that  in  substance,  the  maximum  demand  method  of  _                  _       .      .     „ 

plant  apportionment  has  been  followed.     The  exact  workings  Earnings    Requ, red.-He..ce    the    minimum    gross    revenue 

of  this  method  will  be  made  clear  bv   the  following  applica-  ™W™*  from  f, re  protection  service  and  from  other  service 

tion  of  it  to  the  case  at  hand.             "  will  be  as   follows: 

Studies,  Data  and  Calculations  for  Yakima.— The  estimated  •" "'        Cost  of      Ne 

,     .                  ..„.,.,                                      »     r»       _  operation.        gro 

cost  of  construction  of  the  Yakima  water  system,  to  Decern-       Fire  protection  service    J  30.3S3         $    3.500 

ber  31,  1920,  as  shown  by  the  report  of  the  engineer  of  the       A"  other  service  40.395  isijibt 

Department,    was    $931,195,    including    stores    and     working  $121,055         $  43.895         $164. »50 

capital.     For  the  moment  assume  this  to  represent  the  mini-  A    comparison    with   the   necessary   gross    with    the   actual 

mum   fair  rate  base,   and   assume   the   minimum   fair   return  gross  obtained  in  1920  is  as  follows: 

to  cover  money  cost,  taxes  and  depreciation,  to  be  13  per  cent.  '             _       .     , 

„,, ,,       ,   .    ,                             .      ,   „            ,                 ..          -  ..  Actual          Ri 

Ihen  the   total  revenue  required  from   the  operation   of  the  gross                                Deficit 

system,  to   cover  money   costs,   taxes   and   depreciation,   will       Fire  protection  service   $    7.399         S  33.8*3         $26,484 

be   13   per   cent   of   $93i;i95,    or   $121,055.      How   much   of   this       Allctherserv.ee... 85.130  131,067  45.937 

should  be  obtained   from  fire  protection   service?  1164,950         $72,421 

Of  the  total  estimated   construction   cost  shown   above,   or  Comparison    With    Other   Cases. — At   this   point   it   may   he 

$931,195.  the  following  items  represent  property  used  actively  proper  to   compare   the   results   obtained  by   this   calculation 

in.   rendering   fire   protection   service   and    other   service,    the  with  those  obtained   by  other   engineers,  and  by   regulatory 
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bodies  using  the  maximum  demand  method  ol  apportionment, 
tier  method 

Intelligently  and   quickly,   it    is   nec<  mber  two 

things,  \  1/ ■  .     li  that  in  the  case  at  band  'age  of 

total  plant    • 

i  bat  in  the  i  ntage  ol 

•as  I'd. 6  per 
gross.    Knowing  these  two  thing-,  the  com- 
parison  is   ,  aslly    made. 

In  the  comprehensive  paper  prepared  i  ■  Messrs.  Metcalf, 
Kulchling  an.)  Etewley,  reported  In  the  1911  Proceedings  of 
the  American  Water  Works  Association,  II   It   slated: 

"It  liat   a   fnlr  .■»'■•  "!  Ions 

would  be  to  -ay  thai  i  works  plan! 

Hum  60 
■ 
In  the  case  of    mnraunlth 

per   cent   to   30   per   cent    In    the    case   of    communll 
popul: 

Following  this  statement,  certain  formulae  were  derived, 
and  tables  were  compiled  showing  the  propei   percenta 

is  assignable  to  Bre  protection  pur- 
9  obtained  by  the 
the    maximum    Bre    protection    requirements    of    the 
National  Board  of  Fire  Underwriters,  as  follows: 

N    B   P.  V. 
Popu 

- 

Is 

12  19 

Tliis  article  was  the  pioneer  work  upon  the  question  of 
proper  Charges  tor  Bre  protection,  and  while  it  was  has, mI 
largely    upon   conditions    in    coi  plants 

supplied  by  pumping,  yet  at  the  same  time,  its  fundamentals 
cannot    be   igl 

These  questions  have  been  passed  upon  in  a  large  number 
of  instances  by  the  Wisconsin  Commission,  and  by  Other 
commissions.  The  following  tabulation  shows  the  percent- 
ages of  plant  valui  to  Bre  protection  service,  and 
the  percentage  of  '  b  aired  from  Bre  hydrant  si 
as  found  by  the  Beveral  commissions.  In  most  instances  the 
percentages  shown  were  clearly  set  out  In  the  reports  cited, 
but  in  other  Instances   II  •         sary  to  make  certain  cal- 

PL.ANT  VALUE   All.'  ITTED  AND 
I   FIRE  SERVICE 
nt  to  # 

lir.     •  • 

p  ml      Gross 

vain 

■ 
I 

Columbus     . 

■ 
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- 

■ 
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■ 

I         64.6 
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■ 
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R, 
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12. 
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1 

WRCR 
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WRCR 

1 

87.2 

WRCR 

1  I 

43.0 

WRCR 

I 
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WRCR 

14, 

1 
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. 

11.1 

w  RCR 
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1 
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pur    19: 

1  \. 

n 

■jM 
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11 

83 1 

m 
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PUR      191 

i 

PUR      1917A, 

I'll: 

PUR      19 

PTTR      19 

PUT?      19 

PUR 

717 

pttr 

PUR 

.illations  in  oni,-r  io  arrive  at  the  percentages  allowed.     But 
'■    Instance,    the    percentages    shown    are   sufficiently 

cm  red    for  all   practical   purposes      The   Bgures  to  be   used  in 

comparison  with  those  derived  tor  Yakima  are  contained  in 

the  two   columns  shown  under  load   of  "Per  Cent    to   Fire 

Protection."     The  left   band   column   shows   the   percentages 

i  plant  rallies  assigned  to  Bre  protection  jervlce.    The 

in  this  column  are  to  be  c pared  with  the  percentage 

nt  the  construction  cost  ol  the  Yakima  plant  assigned  to  Ore 
protection  service,  or  26.1  pei  cenl  The  Bgures  In  the  right 
hand  column  show  the  percentages  of  the  gross  revenues 
which  it  was  considered  thai  tie  Are  protection  Bervice  should 
provide,  these  to  be  compared   with  onding  Bgnre 

,.|    20.6   per   cent    in   the   case   of    Yakima.      It    should   be   noted 

that   in  a  numbei   o  Med.  the  percentages  of 

the  gross  shown  covered  -•  wer  Bushing,  as  well  as  flre  pro 

!' i    tl comparisons    it     will     be     -eon 

that   the  calculation  made  in  arriving   al    the  pi 

tor  Bre  pr ctlon  In  Yakima  lias  bees  rative. 

In  using  the  table  following,  II  Bhould  be  noted  that  cases 

shown    on    lines    In    ].,    17    InclUBlve    relate    to    water    districts 

and    to   boroughs,   rather   than   to    Individual   cities,   and    the 

statistics    contained    in    the    d 

Bmely  complicated .     o  I  hat    In     ome    Instani 
was    lather    difficult    to    determine    all    of    the    conclusions 

i   bj   the  Commission      Furthe re,  in  each  of  these 

i    number   of  outlying    dl  without   fire 

i.  luded      Tins  tab  i  owed  by  certain 

blue  print  charts,  which  should  prove  of  interest  to  the  De- 
partment, and   which   may   prove   useful  in  future  cases. 

While    the    Public    Sen  Ci  tnml      Ion    of    Washington    to 

dale  has  not  been  called  upon  to  definitely  fix  the  percentage 
of  plant  or  operating  coi  I  to  be  allocated  to  fire  protection, 
yet  the  principles  outlined  in  this  discussion  have  been  rec 
ognized  by  the  Washington  Commission  and  discussed  at 
considerable  length  in  Citj  of  Monroe  v.  Monroe  Water  Com 
paj  (PUR.  1920E,  445),  ai  Pittoch  and  Leadbetter  Lumber 
Company  v.  North  I  Company  HTIt.  1920F.  384). 

In   each   of   these   CJ  mmission   stated   that    it    was 

generally  estimated  that  from  30  per  cent  to  70  per  cent 
of  the  total  cost  of  a  watei        •■  in  should  be  allocated  to  Ore 

the  pi  vai  \  |ng  with  the  population 

Abbreviations  used  in  the  table  are:  WRCR  "Wisconsin 
Railroad  Commission  Reports  PUR  "Public  Utility  Re- 
ports." 


Cities    Should    Know    Mineral    Content    of    Water    Supply. — 

A  knowledge  of  the  mineral  content  of  city  water  supplies  is 
of  sufficient    industrial   value   to    lustily   mon  make 

such  analyses,  according   to   the    Bureau  of  Chemistry.    United 

smies  Department  of  Agriculture.  The  quality  of  the  water 
Ol  a  locality,  it  is  pointed  out.  may  be  the  controlling  factor 
in  the  location  of  such  Industries  as  steam  making',  brewing, 
distilling.  paper  making,  dyeing,  tanning.  scouring 
laundries,  and  other  industries.  Comparatively 
few  cities  and  towns  have  complete  mineral  analyses 
of  their  city  water  BUpplies  Such  analysi 
made  generally  are  limit*  mitarj    aspect   or  I 

termination  of  temporary  or  permanent  hardness.  (If  the  To 
city  water  supplies  tabulated  bj  the  Bureau  of  Chemistry, 
that  of  Atlanta.  Ca..  contained  the  lowest  amount  of  total 
red  mineral  matter  which  was  0.9  grain  per  United 
gallon.  This  is  nearly  as  low  as  the  standard  for 
commercial  distilled  water  Bangor  Me.,  Brocton,  Mass. 
Bullochvllle,  Ca..  Jacksonville.   Kla  .   Nashua,   X.    II..  New    York. 

N  v  (Catsklll  water),  Perth  Vmboy,  N  J.,  Portland,  Me., 
Portland.  Oreg.,  and  Springfield,  Mass.  all  showed  watpr 
supplies  containing  less  than  3  grains  ol  mineral  matter  per 
United  states  gallon 


Unemployment  Decreasing.  According  to  the  Januai>  in 
dustrial  survey  of  the  r  s  Employment  Service,  the  reports 
on   employment    from   t'.."i   principal    industrial   centers   show  an 

Increase  of  1.2  per  cenl  In  thi    numbei  ol  workers  on  Jan.  31 
i    L921,    The  figure    applj  to  1,428  firms,  emploj 

Ing  more  than  Mm  workers  each,    'i  rns  employed 

i-7   workers  on  .Ian    ::i   a.  against    1,493,107  in   Hoc.  81,  a 
net   Increase  ol  68,400.    01  thi    66  cities  40  reported  employ- 
ment   Increa   ed   during  January  over  Hecember.     The  largest 
iii    Detroit,    wine    the    number   employed    was 
reopening  of  automobile  shops 
fOl    inventory 
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Recent  Progress  in  Reduction  of 
Typhoid  Death  Rate 

Interesting  statistics  on  the  remarkable  progress  which 
lias  been  made  in  the  reduction  of  the  typhoid  death  rate 
Iven  by  Prof.  C.  E.  A.  Win- low  In  the  American  So 
dety  ol  Civil  Engineers'  Symposium  on  Water  Supply  and 
Water  Purification  last  November.  Table  I  [rom  Prof.  Wins- 
low's  paper  contains  typhoid  statistics  Eoi  1898-1908  and  for 
1917-1919: 

The  statistics  tor  this  period  are  compared  with  tho 
1917,   1918,  and  1919,  in  Table  1  and  Tafcle  11.  shows  thi    di 
i  i'ii  ui  mii  oi'  these  >  n  les  in  the  two  pei 

in;:  in  regard  to  typhoid  mortality.  It  will  be  noted  thai  in 
]yis -linis.  c.nh  ol  tho  ::.">  cities  had  a  death  rale  ol  hum 
15  per  100,000,  and  that  17.  or  practically  one  halt  of  them, 
hail  a  rate  Ol  30  or  more.  In  the  last  tin..-  years,  however, 
only  one  city  of  the  same  35  has  had  rates  ol  more  than 
15.  only  six  have  had  rates  of  more  than  10,  while  more  than 
one  third   have  had   rates  below  •">  per  100,1 Thi       -  .i    trulj 


Typhoid  death  rate 
Typhoid   death    pel     100,000    popula- 

i  ii.'    p.  r    inii.i. mm  L918 


City  and    suit.. 

Worcester,    Mass 

Fall    River,   Mass 

St.    Paul,    .Minn 

New    York,   X.    Y 

Rochester.  N.   Y 

Jersey   City.    X.    J 

.Newark,    N.    J 

Syracuse,  .\.   Y 

Providence,   R.   I 

Milwaukee,   Wis 

1  let  i  Oil .    .Mich 

Paterson.   N.   J 

Omaha.   Neb 

Ii'   ton,     .Mass 

,   111 

Buffalo,  x.  Y 

St.    I  ..'ins.  Mo 

1'a 

Minneapolis.   Minn.    ... 

Baltimore.    Md 

Toledo.   Ohio    

Los  Angeles.  Cal 

Memphis,    Tenn 

Indianapolis,    Ind 

New    Haven,  Conn 

San  Francisco.  Cal.    . . . 

Kansas  City,  Mo     ... 

New  Orleans,  La 

Denver.  Colo. 

Cincinnati,   Ohio    '.'.'.'.'.'. 

Philadelphia.  Pa 
■ 

Louisville,  Kv 

Columbus.   Ohio 

Pittsburgh,   Pa.    .'.'.'.'.'.' 


lopulation 

1919   (1 

nited 

L vi  ' . ' 

v  statistics). 

189S-190S." 

1918 

1919. 

15.3 

1 

15.7 

18.3 

3.3 

16  .: 

2.6 

■ 

3.4 

17.6 

1.2 

6 

18.5 

3  0 

1.8 

3.4 

3.8 

19.2 

i  :; 

i  :. 

2.2 

19.2 

6.1 

9.0 

7.1 

19.5 

6.S 

5.1 

3.8 

19  . 

6.2 

f  3 

20.9 

12  . 

7.9 

5.2 

20.9 

12.8 

i  :. 

3.7 

23.1 

1.4 

5.3 

23.3 

3  1 

2.6 

25.3 

■ 

1.6 

1.3 

27.0 

9 

■i  7 

u.6 

27.7 

8  t 

' 

6.6 

28.8 

6.6 

6.6 

1.5 

34.9 

3.2 

14.4 

11.5 

8.2 

35.8 

S.n 

11  -J 

4.2 

36.8 

6.0 

■ 

4.8 

38.7 

26  1 

62.8 

39.3     ' 

4.5 

40.5 

4.4 

5.6 

42.0 

I  5 

4.2 

3.0 

43.0 

12.] 

10.9 

43.7 

23.5 

2C.0 

13.2 

48.8 

5.7 

3.5 

50.7 

i  0 

4.8 

3.0 

53.6 

I  9 

4.3 

55.5 

i 

57.4 

16.3 

ir.rt 

10  7 

57.5 

! 

3.0 

H6.9 

12.2 

10  : 

.;  :. 

.m\f;''!"'i;'™,i","    aml    Study    of   the   Typhoid    Stati    tics    Of    lie 
I       G     1 :    Taylor. 


Cities  of  thi 


TABLE   II— DEATH    RATE    FROM    TYPHOID    FEVER    IN    CBB 
TAIN   LARGE  dTIES  in.'  thi:  rxn  i  i     - 
Distrtbuted   by  Clas 

Deai!«ww!n per  rn-d€r  J5;    10-     15-    20-    so-     '" 

m,™k„      ,    ■„       °-      9  9'     149-     w-9      29.9.     39.9       19.9  100 

Number  ot  cities 

in    ea.-h    class. 

1898-1908     ....     0         0 
Number  of  cities 

in    each    class, 

1917-1919    ....     12       17  4  i  , 

XrT?i-in™£VV:   lx  Tl,::   I:XI'X 

IttoE?S»?2Xc,DI?FERENT  periods  cities    ind  bt 

ri.ral  areas.  1890-1919. 


10 


Place. 
Registration 

Rural    art  as    


i Period  Considered 

I! 1901  Hl-15    1916-19 

36.0         25.1         24  '■  11  9 

39.0         25.3         24.5 

31.4         25.5         25.1         23.8         17.8         13  7 


•Muni. 


ipalities  of  10.000  or  more  inhabitants  in  1910. 
TAJ''VJ£    I\';r DEATH    RATE    PER    100.0  H    >\     PROM 

Sr^Tp/^^'l     'N'        TH1  '  GISTRATION 

dt™E?S.E2H.    DIFFERENT    PERIODS,    BY    CITIES    AND    BT 

Rl   I'.AL  AREAS.  1900-1919. 

__  , Period  Considered , 

r,  .    .      ,                Place.  Ifinn.  1911-15         1916-19 

Original  registration   states!    25  1 

Rural  areas    25.5 


in  1910. 


•Municipalities  of  10.000  or  more  inhabitant 
MiiS^v™''!,  District      of     Columbia.      Ma                          chusetts, 
Michigan,  New  Hampshire,   New-  Jersey,    \         |   ,rk,    Rh Island 


remarkable  achievement  and  i  i  'inch  is  not  confined  to 
the  cities  in  question,  but  which  is  general  throughout  the 
United  Slates. 

in  Table  ill  are  presented   i.!'. i   for  the  graduall 

panding  an-a  of  the  regi  ti  ition       tti       which  show   tb 
;  ui   ui   area   i  lie  t>  phoid    rati    hi     droppi  d    In   30 
to  less  than  one  third  ol   II     I  iccom 

piishment  is  even  more  striking  thai  ilatlon  would 

indicate  tor.  as  the  registration  area    ha        11    has 

tended  to  Include  more  and  mo  ■  citie  b  Ith  relattvelj  primi 
tive  sanitarj    organization,     Table   i\'  shows  the  figure     toi 

the  registration  states  as  the  area  existed  In  L! and  II  will 

i m  thai  when  the  same  states  are  compared,  winch  had 

,1  rate  ol  26.4  In  1900,  the  ran  had  fallen  to  6.6  In  1916-19, 
a  reduction  of  nearly  7.".  per  cent. 

Experiments  Show  Measurement  of  Valve  Loss 

Dependent  on  Piezometer  Location. 

Experiments  to  ascertain  the  influence  the  location  of 
piezometers  would  have  in  determining  the  loss  of  head  due 
to  a  valve  were  conducted  at  the  University  of  Wisconsin 
during  the  school  year  19i9  1920  by  M.  ('.  Neel  and  C.  A. 
Willson,  thesis  students.  The  result  of  this  work  are  out- 
lined  by  Charles  I.  Corp,  Professor  of  Hydraulic  and  Sanitary 


Oitfcrential  go$2 


Distance*  to  piezometer  openings ,  expressed  itt  diameters 
4 -inch   sot -up. 
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Distances   to  piezometer  openings  ,  expressed  in  diameters 

Q-inch    set-up. 
Fig.    1. — Arrangement   of    Apparatus. 


Engineering,  in  the  January  Wisconsin  Engineer,  from  which 
the  matter  following  is  taken: 

The  experiments  were  made  with  l-in.  and  8-in.  gate  valves. 
Figure  1  shows  the  arrangement  of  the  apparatus.  The 
various  piezometer  openings  along  each  main  pipe  were  con- 
nected to  the  differential  gage  hoard  where  the  head  differ- 
ences could  be  read. 

The  apparatus  was  first  set  up,  in  each  case,  without  the 
valve  in  place  and  the  loss  of  head  due  to  pipe  friction  only 
determined.  The  valve  was  then  inserted  and  the  loss  for 
valve  and  pipe  determined   lor  a  number  of  valve  openings. 

The  results  from  V6,  %  and  wide  open  conditions  for  both 
valves  are  shown  In  Figures  2  and  3.  To  bring  out  more 
clearly  the  difference  in  loss  which  would  be  obtained  by 
using  piezometer  1  with  2,  3,  4.  etc.,  the  loss  as  determined 
from  the  last  piezometer  (No.  6  for  the  8-in.  and  No.  7  for  the 
4-in.  valve l  has  been  regarded  as  the  true  loss  and  the  loss 
as  shown  by  the  other  piezometers  divided  bj  this,  giving  the 
ratio  of  tho  two  in  each  case.  It  will  be  seen  from  Fig.  2 
that  piezometers  located  within  three  diameters  distance  from 
the  valve  give  in  every  case  too  large  a  loss,  and  that  in  the 
region  from  three  to  fifteen  diameters  downstream  the  dis- 
turbance of  flow  has  caused  the  piezometers  to  register  in  an 
uncertain  way. 

It  will  be  noted  also  from  Pig.  3  the  loss  is  different  from 

(39) 
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irmal  pipe  trictlon  loss  for  10  or  more  diameters  down- 
bill  when  ii  point  from   L6  tera  has  been 
■••  gliglble  from  a  pi               tandpolnt 
in  Pig,  9  the  loss  <'f  bead  In  ■    i  letween 

the    dlfferei  I  i n    show  n     This    lo 

plotted   is   the  difference  between   the    i    -   when   the   valve 
-in. .11  and  thai  obtained  for  the  pipe  only. 
There  la  Borne  question  concerning  thi   accuracj  ol  the  data 


Fig.  2. — Results  of  Experiments. 

from    which    the    figure    for   the    wide    open    1  in.    valve   was 
obtained. 

The  negative  \alue  of  the  loss  in  section  2-3,  3-4,  etc.,  as 
Bhown  in  Fig.  .".  indicates  a  partial  reconversion  of  the 
velocity  head  back  into  pressure  head. 

It    la  concluded  that   a   valve  causes  disturbed   flow   in   the 

i.    downstream   for  some  distance  from  it  and  that  a 

■  ter  opening   which    is   connected  so  as  to  be  in  this 

i   will  be  affected,  giving  a  false  record  of  the  pressure 

within  thi   pipe 

Where  there  is  considerable  change  of  section  in  passing 
through  the  valve  the  pressure  head  absorbed  at  that  point 
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Refuse  Disposal  in  Smaller  Cities  and 
Towns 

\n  Interesting  hou. Mai  discussion  of  present  duy  practice 
in   the  disposal  of   i.i.i  .  given   bj    Holland   s.   Wallis, 

Municipal  Engineer,  Municipal  Engineering  Extension  De- 
partment, Iowa  siat.-  College,  In  a   paper  presented  Jan    is 

at  the  annual  meeting  ol  the  Iowa  Engli ring  Soclet]       in 

abstract  ol  the  paper  follow 
The  disposal  or  municipal  refuse  maj   be  divided  Into  torn 

distinct   slops   or  opcrati. 

ill     lions.-   Treatment 

(2)        Colin  lion. 

(3)     Haul   to   the    Dl  pi         Site. 

(4 1     Disposal   Treatment 

House  Treatment.  The  proper  bouse  treatment  of  refuse 
is  an  essential  In  most  j  ten  ol  collection  and  disposal. 
When  garbage,  rubbish  and  ashes  are  collected  separately 
the   house  treatmei  I  mainly   In   the    separation   of 

these  wastes  and  the  placing  ol  each  In  the  prescribed  con- 
tainers properly  located   for  the  collectors. 

Unless  the  garbage  is  to  be  disposed  of  by  feeding  to 

■  old  be  drained  and  wrapped  In  paper  before  being 
placed  in  the -cans.  This  practice  reduces  the  weight  to  be 
handled,  aids  combustion  when  Incinerated,  reduces  the  smell 
and  unsightlluess  Incidental  to  collecting  and  hauling,  dis- 
courages tty  breeding  in  ummer  and  prevents  the  garbage 
from  freezing  to  the  containers  In  the  winter.  Where  the 
burial  method  IB  used  the  paper  wrappings  add  to  the  volume 
to  be  handled  and  probably  somewhat  retard  the  decomposi- 
tion ot  the  garbage. 

Garbage  Collection.— There  are  five  distinct  plans  which 
are  followed  in  tin-  coll n   of  garbage: 

Garbage  Alone:  Frequentlj  small  cities  attempt  only  the 
collection  and  disposal  ol  garbage,  leaving  the  disposal  of 
rubbish  and  ashes  to   individual   Initiative. 

Garbage,  Ashes  and  Rubbish  Collected  Separately:  This 
method  Lives  the  great. -si  in-edom  as  to  the  method  of  dis- 
posal to  be  employed.  While  the  separate  system  compli- 
cates and  Increases  the  cost  id'  collection,  the  disposal  prob- 
lem is  usually  con.  poi  nglj  Simplified,  and  greater  flexi- 
bility   obtained    than     With     other    systems 

Garbage  and  Combined  Rubbish  and  Ashes:  This  is  an- 
other flexible  and  common  Bystem  which  permits  an]  ot  the 
various  methods  of  garbage  disposal-  the  combined  rubbish 
and  ashes  commonly  being  used  for  filling  waste  land. 

Ashes  and  Combined  Garbage  and  Rubbish:  Where  Incin- 
eration is  the  method  of  disposal  Ibis  system  is  the  most 
common.  The  fuel  value  of  the  rubbish  assists  in  the  drying 
and  burning  of  the  garbage,  while  the  ashes  are  usually  dis- 
posed  of   by  dumping   on    waste    land. 

Collection  Agencies.  There  are  three  plans  as  to  the 
agencies  that  may  be  employed  in  refuse  collection:  (1) 
licensed  collection,  (2)  contract  collection  and  (8)  municipal 
collection. 

Licensed  Collection  I  mier  the  licensed-collection  plan 
the    municipality    Licen  p  irties    to   collect    refuse, 

the  cost  of  this  service  usually  being  paid  these  collectors 
by  the  individual  housel    Idi  i       i  rved. 

Contract  Collection  I  nder  the  contract-collection  plan 
contracts  are  entered  Into  by  the  municipality  and  the  col- 
lectors for  the  collection  of  refuse.     Under  one  form  of  con- 

| ixed   annual   I mnl    is   paid   by   the  City   for  a  definite 

service;  under  another  a  nite  sen  Ice  fee  may  be  collected 
from  each  householder;  while  under  a  third  the  city  may  be 
paid  for  the  privilege  ol  collecting,  and  smi  collected 

from  the  householdi  i 

Municipal  Collection  i  nder  the  municipal-collection  plan 
the  city  does  the  work,  ell  I    own  or  hired  equipment. 

In  general  It  maj  bi  I  -  d  that  the  license  and  contract 
systems  seldom  pro  i  mall  cities,  chiefly  due 

ion.     The  colli  c(  I  a  ol   the  Indi- 

vidual I  Ible,  and  irregular  service 

and  in  adll Ii  ;  nil      Refuse  disposal  is 

inc.   problem  and   II     -      .     hould  be  met  by  a  general 

Municipal  collection   Is    USUall]    the   most  This 

.  i  \  Ice  can  readily  be 

to  n t   fluctuating  With  municipal  collection  the 

dli  ti acts  are  not     lighted  on  account   of 
di  financial  returi  mat  Ii    operation  is 
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;,i,i  [0  resull  from  the  use  ol  permanent  and  uniform  collec 
tion  equipment  administered   under  officials  directly   respon 

sible  to  the  i pie. 

The  successful  operation  of  any  collection  system  demands 
(a)  a  sufficient  appropriation,  (l>i  an  efficient  organization, 
i,i  sanitary  and  economical  methods  «'i  operation,  and  (d) 
tin-  co-operation  of  the  public. 

Receptacles.  The  experience  of  most  citie  ravors  the 
specification  of  rans  of  a  standard  size  which  varies  with 
the  citj  and  the  collection  system.  Thej  should,  however, 
mi>i  he  larger  than  can  readily  he  handled  by  one  m  in,  should 
I.,-  of  metal,  water-tight  and  provided  with  tight  fitting  covers 
not  easily  displaced 

Collecting  Wagons.  Present  practics  favoj  pecial  steel 
tank-wagons  provided  with  either  a  rear  or  i  Ide-dumping 
arrangement.  Bottom-dump  wagons  are  i  ol  suitable  tor 
garbage  collection,  though  they  are  favored  !>>  some  cities 
for  the  collection   of  ashes   or   mixed   refuse. 

The  loading  height  and  the  mechanism  for  dumping  are 
important  features,  as  well  as  the  ease  with  which  thej  may 
be  cleaned  and  disinfected  Covers  ol  sojae  sort  are  essen- 
tial. Canvas  is  frequently  used,  as  well  as  wood  and  metal. 
Each   type   has   its   disadvantages. 

Wagons  tor  the  collection  Of  ashes  also  demand  rigidity  of 
construction,  but  in  this  ease  it  is  more  essential  that  they 
be  dust-tight  than  water-tight.  Rubbish  wagons  can  he  of 
mucb  lighter  construction  on  and  of  greater  capacity  than 
wagons   intended   for  ashes  or  garbage. 

Can-Collection  System.— Some  cities  use  the  can-collection 
system,  and  i  mploy  spring  wagons  provided  with  double  plat- 
forms or  racks  so  arranged  as  to  carry  two  tiers  of  garbage 
cans,  this  usually  permitting  a  load  of  60  to  7u  cans.  The 
can-collection  system  has  several  advantages  and  has  proven 
satisfactory  in  a  number  of  small  cities.  With  this  system 
cans  of  uniform  size  are  essential,  and  are  usually  furnished 
by  the  city  When  a  can  is  collected  it  is  replaced  by  a 
ateam-cleaned  can.  This  requires  hut  one  trip  from  the 
wagon,  against  two  when  the  can  is  emptied  and  returned. 
The  difficulty  of  emptying  frozen  cans  in  the  winter  season 
is  avoided.  The  garbage  wagons  are  not  a  nuisance  as  the 
garbage  is  not  exposed,  and  for  the  same  reason  the  garbage 
les  the  disposal  site  in  a  fresher  condition.  The  can 
syst.-ni  oi  collection  is  more  expensive,  due  chiefly  to  the 
Investment  in  cans.  With  this  system  sources  of  careless 
house-treatment  are  not  readily  identified,  as  the  contents  of 
any  can  are  not  seen  until  it  is  emptied  with  the  rest  of 
the  load. 

Motor-driven  trucks  are  not  favored  for  collection,  and 
unh-ss  tin-  haul  is  long  the  transfer  of  refuse  to  motor  trucks 
is  not  economical.  Where  fairly  long  hauls  are  necessary 
ll  trailers  may  he  assembled  and  drawn  bj  a  motor 
track  in  tin-  disposal  site  after  having  been  drawn,  individ- 
ually by  horses  over  the  collection  route. 

Location  of  Receptacles. —  It  is  customary  lor  city  ordi- 
nances to  specify  the  place  where  refuse  cans  must  he  l.-i t 
for  collection  and  to  what  place  they  are  to  be  returned. 
bould  i  e  cart  tullj  considered  as  this  de- 
cision materially  affects  the  cost   of  collection. 

Cans  may  be  collected  from  the  front  curb,  the  areaways, 
the  rear  yards  or  the  alleys.  Where  alleys  are  uniformly 
present  throughout  the  residential  districts,  this  location  is 
practicable   and   frequently   adopted. 

An   array   of  cans  along   the  street   curl  '   lightly   and 

most  householders  prefer  paying  more  to  hi  the  collectors 
take  the  cans  from  the  basements  or  the  rear  yards,  return 
ing  them  to  the  same  place.  In  a  few  cases  this  objection 
to  the  curb  collection  is  avoided  by  making  collections  at 
night,  but  day  collection  may  be  regarded  as  the  prevailing 
practice.  Some  cities  require  that  can-  hall  not  remain  in 
the  street  more  than,  say,  one  hour  after  heing  emptied,  but 
a  lack  of  co-ordination  is  always  likely,  especially  when  the 
collections  are  not  made  on  schedule 

Frequency  of  Collection. — The  interval  between  collections 
depends  upon  various  factors,  particularly  the  density  and 
character  of  the  population,  the  method  of  disposal  and  the 
season  of  the  year.  In  northern  cities  garbage  production 
reaches  its  maximum  during  the  summer  months,  while  the 
production  of  ashes  is  naturally  greatest  during  the  winter 
season.  In  general,  more  frequent  collection  is  necessary 
as  the  congested  porticjn  of  the  city  is   approached. 

In  the  residential  districts  of  most  cities  two  or  three  gar- 
bage collections  per  week  are  made  throughout  the  summer 


season,  and  one  or  two  per  week  during  the  winter  months. 
In  business  districts  daily  collections  an-  common.  Where 
hog-feeding  i.;  practiced,  collections  hould  he  made  daily 
during  tin-  lot  summer  months,  and  about  twice  ■<   weeh  at 

other    time.. 

Manure  shun  hi  he  collec  t  •  id  twice  weeklj  during  the  fly  sea- 
son, as  only  about  four  days  are  required  t"i  tie-  develop 
uieiii  from  eggs  to  maggots,  which  then  leave  the  manun 
to  enter   tie-   ground     then-   to  complete   then    development 

into   full-grown   flies. 

Collection  Regulations.  The  house  treatment  and  the  col- 
lection   of   house    refuse    should    he    regulated    by    the    adoption 

and  enforcement   of  ordinances  covering: 

a.  The  establishment   of   municipal    refuse  collection. 

b.  The  forbidding    of    collection    by    unauthorized    partie 
o      Tin-   -lelinition    and    classilieal  ion    of    refuse 

d.  The  house  treatment   to  be  employed. 

e.  The  refuse  receptacles  to  he  used,  and  their  location 
for    collection. 

f.  The  frequency  of  collection,  and  the  equipment  and 
sanitary   measures   to  be   used. 

g.  The  jurisdiction  and  authority  of  city  employes  who 
handle   the   refuse   or   supervise   its   disposal. 

Regularity  in  service-  is  claimed  to  be  the  greatest  aid  in 
securing  the  necessary  co-operation  of  the  householders.  Any 
new  system  or  changes  in  schedules  should  he  preceded  and 
accompanied   by  a  carefully  planned  educational  campaign. 

There  are  a  number  of  methods  available  for  the  disposal 
of  refuse.  Bach  of  these  will  he  briefly  described  and  its 
field   defined. 

Dumping  Into  Large  Bodies  of  Water.  The  use  of  this 
method  is  naturally  restricted  to  cities  located  on  the  sea- 
coast,  or  on  the  larger  lakes  or  streams.  This  use  of  the 
Mississippi  River  having  been  forbidden,  the  method  no 
longer  applies  to  Iowa  cities  and  it  is  only  mentioned  tor 
completeness. 

While  the  method  is  economical,  flexible  and  available  for 
all  kinds  of  refuse,  the  objections  incidental  to  its  employ- 
ment are  such  as  to  cause  it  often  to  I  e  abandoned  even 
where-  feasible.  Chief  of  these  objections  an-  the  pollution  of 
the  water  and  the  unsightly  and  malodorous  deposits  that 
are  apt  to  be  hiought  to  the  shores  by  the  action  of  wind  and 
water   currents. 

Dumping  on  Land. — The  simplicity  and  universal  applica- 
tion of  this  method  to  nearly  all  sorts  of  refuse  and  local 
conditions  accounts  for  its  wide  use.  The  feasibility  of  dump- 
ing refuse  materials  on  waste  or  low  land  depends  largely 
on  the  character  of  the  refuse,  the  proximity  of  residence 
districts,  and  the  care   with   which  the  dumps  are   managed 

Street  sweepings,  material  from  excavations,  ashes,  rub- 
bish and  solid  manufacturing  wastes  can  he  disposed  of  in 
this  manner  without  the  creation  of  any  appreciable  nuisance. 

Rubbish  is  the  least  desirable  of  these  filling  materials. 
It  is  of  little  value  for  this  purpose,  and  being  combustible 
i  frequently  burned  to  lessen  its  volume,  a  nuisance  thus 
heing  created  in  the  form  of  smoke  and  odors.  The  presence 
of  a  limited  amount  of  rubbish  having  commercial  value  in- 
vites the  picking  over  of  such  dumps,  an  undesirable  practice 
which  should  be  prevented,  but  which  requires  careful  polic- 
ing to  control. 

The  reclamation  of  low  and  waste  city  land  by  filling  has 
made  possible  many  attractive  park  and  playground  sites. 
The  value  of  such  filled  land  frequently  is  such  as  to  render 
this   method    of   disposal   distinctly   advantageous    to    a    city. 

The  disposal  of  garbage,  night-soil  or  dead  animals  by 
dumping  is  a  crude  make-shift  at  best  and  is  sure  to  create 
a  nuisance  in  almost  any  district,  as  well  as  to  attract  and 
afford  breeding  places  for  flies  and  rats.  Long  hauls  are 
usually  necessitated,  and  the  method  is  universally  con- 
demned. As  to  the  legal  aspects,  it  is  well  established  that 
a  municipality  cannot,  without  liability,  create  a  nuisance- 
by  the  operation  of  a  dump. 

Burial. — The  method  of  burial  is  simple  and  especially  ap- 
plicable to  the  disposal  of  garbage,  night-soil,  and  dead  ani- 
mals. An  open  sandy  soil  is  desirable  where  the  water  table 
remains  well  below  the  burial  depth.  As  applied  to  garbage 
disposal,  long,  shallow  trenches  are  excavated  about  .">  ft. 
wide  and  18  in.  deep.  The  garbage  is  spread  in  these  trenches 
in  a  uniform  layer  not  to  exceed  1  ft.  in  dept.  and  promptly 
covered  with  a  layer  of  earth  of  equal  thickness  obtained 
from  the  excavation  of  a  parallel   trench. 

This  method  removes  the  garbage  from  sight,  prevents  any 
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ve  t!>  DUisance,  largely  elimin  onable  odors 

i< mi   is  economical.     While  th<  covering   >-   suf- 

odors,   enough  idmttted    to 

the  decomposition  of  the   garbagi      ■■■  In   open    -oils  re- 

quires   about    two   years.     With    Bucb    Boil    and    an    a 
amount  ge  the  continuous  operation  ot   this  method 

thousand   people 

Winter  operation   maj    be  tacllitated   by  the   u 
in-  stn  hauled  In  as  a  temporary;  covering     The 

trenchi  should  !"■  opened  before  freezing  weather 

sets    in. 

This  in. -iii  that   should   i"'   giver   serious  consid 

cration   bj    the  small   city   desiring  'i   and   Bat- 

I   sj  si. -in       .  cities   111.-   I. mi; 

haul    and    th.'    r.  lativel)    largi  land    oei 

usually    render   the   method    inapplicable 
\  variation  or  the  shallow  -bui 
nun  layer  ot  garbs 

fuse  being  both  buried  and  mixed  with  the  soil  by 
tin'  intermittent  operation  ot  plowing  it  under  tin-  surface. 
This  method  frequentlj  creates  ■<  nuisance,  tor.  unlike  trench 
burial  it  is  impracticabli  i.age  as  it  is 

delivi  i  -  ed  to  thoroughly  co>  er  'in 

ud  Borne  hand  work  is  usually  necessary,    This  method 

a  satisfactory  disposal  tor  street   sweepings. 

Night-soil  is  best  burled  in  ploughed  furrows,  being  Imme 

djato]'.  turning  soil  from  a   parallel  furrow  over 

H      By   this   moth-  ordinary;    conditions,   about    1% 

mired  tor  each  thousand  people  sei  i  ed. 

Poor  land  is  Improved  by  this  treatment,  hut  it  should  not 
be  cultivated  for  a  year  or  more  after  such  use 

Sanitary    Fill.    The   disposal   thod   known   as   "sanitary 

till"  may  ho  looked  upon  as  a  sort  m  cross  between  i  lie  dump- 
ing and  burial  methods.  As  usually  carried  out  it  is  essen- 
tially the  dumping  method  made  applicable  to  garbage  by 
the  prompt  mixing  and  covering  by  hand  methods  with  earth 
from  excavations,  ashes  or  street  sweepings,  those  materials 
being  delivered  at  the  disposal  site  for  this  purpose.  The 
garbage  is  given  a  thin  covering  equivalent  to  that  used  in 
the   shallow-burial   method,  care   being   taken   to  use   sutli.  lent 

earth  to  mix  witli  and  thoroughly  cover  the  garbage.  Verj 
little  odor  or  other  nuisance  need  result  from  the  use  of  this 
method  if  carried  on  properly, 

Davenport  has  used  this  method  lor  a  number  of  years, 
creating  valuable  water-front  land.  Seattle  has  employed 
this  method  for  several  years,  no  use  being  made  of  their 
incinerators.  Mr.  A.  H.  Dlmock.  the  city  engineer. 
has  recently  stated  that  when  the  cost  of  haulage  becomes 
...  or  more  than  the  cost  of  burning  they  may  return 
to  the  m.-thod  of  incineration,  but  in  hjs  judgment,  it  will  be 
many   years  before  this  happens 

While  this  method  is  applicable  to  nearly  all  sorts  of 
municipal  refuse,  a  large  proportion  of  rubbish  is  objection- 
able. This  is  chiefly  on  account  of  its  bulk  and  the  large 
proportion  of  combustible  material  usually  present,  which 
if  ignited  is  apt  to  cause  a  nuisance,  as  well  as  slow-burning 
fires  sometime-   very   difficult   to  extinguish. 

Feeding    to    Hogs. — Garbage   has    always    been   disposed   of 

ng  of  garbage  on  an   extensive  scale  received  a 

decid'-d    impetus   during    the   war   as   a    conservation    measure. 

and    with   careful   management    and    favorable   condition      the 

on  oi   BUCh  hog  farms  has  often   proved   very  pre: 
Qndei  US  it  i£    not    likely    thai    the    value  of 

rbage  will  prove  sufficient   to  pa;    the  entire  cost  of 

Collection    and    haul,    plus   a    prolit,   so    that   cities    can    hardly 

a-    from    their  garbage,   or   even    to 

collected  and  disposed  of  without 

indicates  that  about  50  lb.  Ol  garbage  are  ordi- 
narily required  to  produce  a  pound  ol  pork,  live  weight. 
With  tl 

ted.     Prom   'hi-   must    be   taken    the   operation   costs, 
i  :  u |th  tio  -    build- 

I  equipment 

hog   feeding   should 

injurious    mat.  rial  glass, 

•In    t    and    soap  i     which    are    ordinarily 

I  hould  !"■  required 

and  furthi  sign  o 

The  exclusion  Ol  dish  pi  ■  i.illy 


important  as  it  i-  ,  ain  soap  ami  cleansing  chemi- 
cals Injurious    ■  ppara t  th 

Hog    farm  cated    on    open,    easily    drained    soil. 

'    of  ,i.  ml    i  specially  important 

in  the  case  of  garba) 

""  'I"  "'I   '  be  DUmbei   Ol   animals 

handled. 

ol    -ai-bage 

from   platforms.     Th 

■    ■  if  v id 

that   thej    may  be  skidded   readily   from  on,,  i,„ 

ng   vacated  and  plowed  under  when 
omes  muddy  and   unsanitary,     such   plowed   are 
often   plant)  d  to  sen  : ,,,,  [or  the  hogs. 

Most    luce, Is   ,,|    Pegs   hm.     I„  ,  i.    bui 

Some  feeders  pur.  I  ,,    about    100  lb,   weight,  while 

other-    prefer   the    policj 

thus  accustoming  then-  die,    tive  Bystems  to  the  greater  hulk 

..r  the  garbage  ration.    Little  supplementary   i ling  It 

ticed    in    most    cast    .    except  finishing    ration    before 

marketing. 

Winter  operation  Introi  iblem  ol  frozen  garbage, 

which  is  preferably  thaw,, I    before  feeding 
ilizing  the  garbage  is  sometfm 
upon    w  ith   favor  as   it    i     exp<  as  h  e.    pi  e\  ents    i 
selection    being   ex.  the    animals,    and    causes    in 

jurious    acids    and    other    soluble    substances    to    be    B] 
throughout  the  cooked    n 

The   chief  objections    entered    against    this   method   of   gar 
disposal  are   (a)  ci  mplete  consumption   In 

li  posal  oi   the  n  is;    tin    that   then 

delivei '"  age   in  a    tret  h   condition;    (i 

the  method   is  still   son,  mtal .    (dj    that 

apt  to  create  a  nuisance    and  (e)  that  there  is  always  danger 
of  the  lo  s  of  the  her, i  by  disea  se,  thus  t  rippling  the  dl 
system  of  the  city, 

The  ,ai  ions  claims  that  garbage  feeding  does  not  produce 
good  pork,  that  trichina,  are  more  frequently  found,  and 
that  the  logs  are  more  subject  to  cholera  and  tuberculosis, 
have  not  been  borne  out  bj  experience.  Innoculation  against 
cholera    is    usually    practiced. 

The  success  of  garb  nag   depends  on   (a)   public  co- 

operation in  the  matter  of  house  treatment,  (b)  frequent  and 
efficient  collection  and  largely  on  the  (c)  skill  and  intelli- 
gence of  the  manager  of  the  bog  farm.  The  method  is  of 
especial  interest  and  value  to  small  cities  ami   towns. 

Sorting. — Rubbish  always  contains  material  of  commercial 
value,  and  the  sorting  out  ol  such  materials  has  been  tried 
out  by  several  large  cities,  the  amount  recovered  by  the 
sale    in    most    case-    ri  ore    than    covering   the   cost   of 

sorting.  This  practice  would  seldom  prove  an  economy  in 
small  cities  and  to" 

Incineration. — The  method  ol  incineration  consists  In  th. 
destruction  of  refuse  by  burning,  the  combustible  solids  and 
the  contained  moistun  bi  in  disi  ipated  in  heat,  steam  and 
various  gases.  The  ash  or  clinker  that  remains  is  suitable 
for  filling  land. 

Most  incinerators  an  Intended  mainly  tor  tin-  destruction 
of  garbage,  but  rubbish  is  commonl)  add.  .1  to  furnish  at  least 
a  part  of  the  combustible  Material  needed  to  dry  the  garbage. 
Drying  Is  usually  effected  bj  contact  with  the  hot  gases  of 
combustion,  after  which  thi  dried  garbage  is  introduced  into 
the  combustion  chamber. 

Incineration,  if  accompli  bed  at  a  high  temperature  and 
at   ..    rapid  rate,  is  a  Banitarj    and  expeditious  method.     Car 

bage  incinerators  of  t Lin   di  !      operated  without 

The   plant    location    now    depends   more  on   hauling 
c-osts   than   on    any    I  I  an    isolated 

The  ;  i  ed  bj   the  lm  Im  rai  Ion  ma}   he  utilized  in 

the  generatl f  Bteazn  purposes,  but   tin 

seldom   an   economy    except    in    large   plants   that    are 
operated   continuou 

The  initial  cost  of  an  incinerator,  together  with  the  rela- 
tively high  cost  of  opera  a  heavy  financial 
hind,  n  for  the  average    mall  citj   or  town,  ami  the  relative 

md  ad\  antagi  burii |  ary  till 

ami  hog  feeding  should  bi    carefullj    Investigated  before,  the 

Construction   and    operation   ol  Ing    plant    is    under- 

taken. 

'the  use  oi  small  Individual  li  imple  co 

'ion    lu      bei  hie  disposal   method  for 

where  dwellings  tire  scattered  ami 
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the  cost  of  refuse  collection  and  handling  is  relatively  high. 
With  the  excess  of  combustible  material  usually  present. 
garbage  is  readily  dried  and  burned  with  little  ash  or  odor. 
It  must  be  confessed  that  for  such  conditions  this  plan  has 
pronounced  economic  and  sanitary   features. 

Reduction. — Briefly  stated,  garbage  disposal  by  reduction 
or  rendering   involves  the   extraction   of   th  the  re- 

moval of  the  water  content  and  the  preparation  ol  the  dried 
residue  or  tankage  for  use  as  fertilizer  or  as  animal  food. 
Dead  animals  are  conveniently  and  economically  disposed 
of  by  this  method 

The  process  of  reduction,  while  disposing  of  the  garbage, 
make  a  definite  return  in  the  commercial  value  ol  the  grease 
.and  tankago  produced,  but  the  various  patented  processes 
an  relativel)  complicated  and  expensive  to  install  and  to 
operate,  and  do  nol  prove  economical  tor  cities  having  popu- 
lations under  100,000.  The  met  hud  is  not  then,  generally 
applicable  to  Iowa  conditions  and  will  not  be  considered  in 
d.  tail. 

The  operation  of  reduction  or  rendering  plants  is  seldom, 
if  ever,  entirely  free  from  odors,  and  frequently  these  are  verj 
objectionable  and  noticeable  at  long  distances.  While  about 
half  of  the  reduction  plants  constructed  in  this  country  have 
been   abandoned. 


General  Requirements  National  Board 

Fire  Underwriters  Regarding 

Water  Works* 

By  ROBT.  E.  ANDREWS 
1       ineer,  National  Board  of  Fire  Undewriters,  San 
Francisco,   Calif. 

The  Baltimore  conflagration  of  1904  was  the  immediate 
cause  of  the  entry  of  the  National  Board  of  Fire  Underwrit- 
ers into  municipal  affairs  on  a  large  scale.  During  the  14 
years  previous  to  that  date,  a  large  number  of  reports  on 
cities  had  been  prepared  by  single  inspectors,  usually  fire 
chiefs  of  long  experience,  and,  as  was  natural  from  their 
training,  little  space  was  devoted  to  waterworks.  The  Bal- 
timore fire  caused  a  direct  property  loss  of  $50,000,000  and 
aroused  the  insurance  companies  to  the  possibility  of  similar 
fires  in  other  cities. 

This  conflagration  was  carefully  studied  from  many  angles 
and  the  preparation  of  reports  on  all  the  large  cities  of  the 
United  States  was  begun  in  a  systematic  way.  Instead  of 
single  inspectors  the  work  was  carried  on  by  parties  com- 
posed of  engineers  specially  trained  in  the  branch  of  the 
work  they  were  to  handle.  In  addition  to  description  and 
criticism  of  water  systems,  the  reports  outlined  fire  depart- 
ments, fire  alarm  systems,  actual  structural  conditions  and 
laws  and  ordinances  relating  to  building  and  to  fire  hazards 
— all  leading  up  to  a  discussion  of  the  possibility  and  probabil- 
ity of  a  conflagration — and  followed  by  recommendations 
for  improving  conditions  thought  to  be  unsatisfactory. 

Fire  Protection  Engineers  Pioneers. — The  engineers  pre- 
paring these  reports  were  pioneers  in  a  new  lino.  There 
were  no  fixed  standards  by  which  a  water  system,  or  the  other 
features  considered,  could  be  judged  from  the  fire  protec- 
tion point  of  view.  What  standards  there  were  in  regard  to 
these  matters,  were  the  results  of  opinion  rather  than  of 
experience.  That  the  reports  did  not  go  far  wrong  is  shown 
by  the  one  issued  on  San  Francisco  in  October.  1905,  in  which 
the  catastrophe  of  the  following  April  is  vividly  foretold. 
This  conflagration,  with  a  property  loss  very  greatly  exceed- 
ing that  of  Baltimore,  again  emphasized  the  importance  of 
the  work,  and  brought  home  to  the  insurance  companies  the 
immense  aggregation  of  values  which  can  be  destroyed  by 
a  single  fire.  Except  for  the  period  of  the  war  the  issuing 
of  reports  on  the  larger  cities  of  the  country  has  gone  on 
without  interruption.  Usually  about  35  reports  are  published 
each  year.  Copies  of  the  printed  report  are  sent  to  city 
officials,  civic  organizations  such  as  Chambers  of  Commerce, 
Rotary  and  Kiwanis  Clubs,  to  newspapers  and  to  influential 
citizens   particularly   interested   in   fire   protection. 

300  Cities  Reported  On.— By  1916  approximately  300  cities 
bad  been  reported  on,  some  of  them  three  times.  The 
amount  of  information  acquired  in  the  prosecution  of  this 
work  was   enormous.     Enough   data   were   on   hand   so   that 

•From  a  paper  presented  Oct.  1  at  the  second  annual  meeting 
of  the  California  Section  of  the  American  Water  Works  Associa- 
tion. 


careful  studies  could  be  made  of  the  various  features  upon 
which  effective  fire  protection  depended.  Conditions  in  one 
city  were  compared  with  those  In  others  of  the  same  class. 
Conclusions  were  no  longer  based  on  opinion  but  on  the  re- 
stilts  of  many  years  of  experience.  It',  for  example,  we  asked 
thai  a  distribution  system  be  composed  of  mains  of  certain 
size,  it  was  because  thousands  oi  test  had  told  us  that  suit- 
able quantities  of  water  for  tire  protection  could  not  be  ob- 
tained unless  the  mains  were  ol   the     izes  recommended. 

In  fact,  we  had  so  much  Information  In  our  flies  and  had 
acquired  so  much  experience  in  this  particular  field,  that  we 
felt  justified  in  taking  an  ambitious  step  forward  namely, 
grading  cities  with  reference  to  their  Ire  defences  and 
physical  conditions.  Up  to  this  time,  the  work  of  the  Na- 
tional Board  of  Fire  Underwriters  had  been  confined  almost 
entirely  to  the  larger  cities.  It  was  felt,  however,  that  any 
system  of  grading  which  might  be  adopted,  should  apply 
equally  well  to  cities  and  towns  of  all  sizes.  Accordingly. 
an  intensive  study  was  made  of  a  large  number  of  small 
towns  and  villages,  and  the  standards  modified,  where  neces- 
sary,  so   that    all    would   be   considered   with   equal    fairness. 

Grading  Cities  with  Reference  to  Fire  Defences.  -The  plan 
adopted  is  like  that  of  marking  a  school-boys  examination 
paper,  where  so  much  is  taken  off  for  every  mistake.  The 
sum  of  the  maximum  points  of  deficiency  totals  5,000  and  is 
divided  in  accordance  with  the  relative  values  of  the  features 
as  follows: 

Water  supply  i .  t<h  . 

Fire  department    i  boo 

Fire  alarm    

Police     bo 

Building  laws 200 

Hazards     ......  300 

Structural   conditions 

Total    5.000 

That  is,  a  city  where  the  fire  defences  and  physical  condi- 
tions are  excellent  would  have  few  points  of  deficiency,  and 
one  where  conditions  are  as  bad  as  possible  would  approach 
5,000  points.  The  water  supply  is  given  a  weight  of  about 
one-third  of  the  total  requirements.  It  is  considered  as  being 
of  slightly  more  importance  than  the  fire  department,  as  a 
water  system  is  of  some  value  for  fire  protection  where  there 
is  no  organized  fire  department,  but  a  fire  department  with- 
out water  is  almost  helpless.  A  good  water  supply  in  con- 
nection with  a  poor  fire  department,  or  vice  versa,  is  ob- 
viously of  less  value  than  if  both  are  good.  In  recognition 
of  this  fact  an  equalizing  charge  is  made  where  the  two  fea- 
tures differ  greatly  in  efficiency. 

The  Grading  Schedule  has  been  received  with  marked 
enthusiasm.  A  number  of  engineering  societies,  some  of 
them  national  in  scope,  have  investigation  the  schedule  and 
given  formal  approval.  Insurance  rating  organizations  use 
it  for  classifying  cities  and  towns  in  all  states  of  the  Union 
except  in  Texas,  New  Jersey,  part  of  Pennsylvania  and  on 
the  Pacific  Coast.  Its  use  for  this  purpose  precludes  any 
possibility  of  discrimination  and  allows  every  town  to  know- 
in  what  respect  and  to  what  extent  its  fire  defences  are 
deficient.  As  a  guide  for  outlining  improvements  for  fire 
protection  it  is  invaluable. 

Viewpoints  in  Judging  a  Waterworks. — A  waterworks  is 
judged  from  two  viewpoints,  adequacy  and  reliability.  To 
be  considered  adequate,  a  system  must  be  capable  of  supply- 
ing a  reasonable  quantity  for  fire  protection  for  a  period  of 
10  hours,  in  addition  to  domestic  consumption  at  the  maxi- 
mum daily  rate.  It  is  frequently  suggested  that  we  ought  to 
base  our  calculations  on  the  maximum  hourly  rate  instead  of 
the  maximum  daily  rate.  We  feel,  however,  that  it  would  be 
going  to  the  extreme  to  assume  that  a  serious  fire  would  oc- 
cur exactly  at  the  peak  hour  of  the  highest  day.  Fires  of  the 
magnitude  with  which  we  are  chiefly  concerned  ordinarily 
burn  for  a  longer  period  than  the  duration  of  the  peak  hour. 
There  is  always  the  possibility  that  citizens  may  suspend 
lawn  sprinkling  during  a  large  fire  and  that  water  works' 
officials  may  operate  gate  valves  so  as  to  reduce  the  flow 
to  parts  of  the  city  remote  from  the  fire;  both  of  which 
would  reduce  the  domestic  consumption.  Furthermore,  pres- 
sures are  naturally  reduced  in  the  vicinity  of  a  large  fire, 
and  sometimes  the  area  affected  is  of  sufficient  size  to  cause 
a  noticeable  decrease  in  consumption.  For  these  reasons  we 
think  it  preferable  to  use  the  maximum  daily  rate. 

Quantity  of  Water  for  Fire  Protection. — The  quantity  asked 
for  fire  protection  in  the  central  business  district,  is  usually 
that   determined    by   a   formula   based    on   population,   which 


(43) 


142 


/   and  Contracting  for  February  8,    1922. 


was    u uiked   out    bj    UetcaU,   ECulchling    and    l  law  ley.     The 
quantities  required  are  shown  in  the  following  table: 


Required    Bn 
tl«'\\,    gallom 
minute 

Populatloi 

1,500 

.  000 

*.000 


Requii  ■ 
Bow,    t;iili' 'UN    per 

mi    average   city. 

8.000 
11,000 


When  the  population  exceeds  200,000  provision  should  be 
made  for  two  Area  occurring  at   the  same  time,  and   we  ask 

for   12, gal    a    minute   tor   the   larger   li i <■   and    from   2.000   to 

v. gal    for  the  Becond  Bra    The  total  quantity  In  all  cases 

Includes  an  allowance  tor  loss  from  broken  connections  and 
hydrants  left  open,  Incidental  to  a  lari 

donallj  the  quantity  Indicated  by  the  formula  is  modl- 
tlt-.i  as  required  b]  unusual  local  conditions,  For  example, 
In  the  vicinit)  of  large  cities  there  are  generally  suburban 
communities   having    good   sized    populations    hut    with    mer- 

districtS    of    very    small    area    and    without    congested 

tction  m  comparison  to  the  population.  Obviously  to 
require  the  average  fire  Bow  In  this  ease  would  be  unfair. 
Conversely,  there  are  cities  of  small  population,  remote  from 

ether    Cities,    Which    are    surrounded    by    thickly    settled    rural 

territories  and  which  are  in  fact  the   rcantlle   center  of  a 

population    Beveral    tunes   that    within    the    municipal    limits. 
Such    cities    require   more    than    the   average    lire    How. 
The  time  limit  of  10  hours  required  tor  the  Bre  Bow  has 
etermined  upon  as  closely  approximating  actual  needs. 
Nearly   all   conflagrations  have  lasted   must    longer  than   this 
some    of    them    ten    limes    as    long.      The    use    of    water,    how 

ever,  begins  gradually  and  increa  es  toi  everal  hours  as 
more  lines  of  hose  are  brought  into  play.  The  peak  load 
ordinarily  continues  several  hours  and  as  the  fire  is  brought 
under  control  the  quantity  gradually  becomes  less.  Ten  hours 
of  full  fire  flow  probably  amounts  to  the  average  quantity  of 
actual  (lew  at  the  variable  rate  For  towns  under  2,500 
population  the  time  limit  has  been  reduced  to  5  hours. 

In  speaking  of  the  fire  flow  required,  I  characterized  it  as 
being  res  onable.  it  is  merel]  the  quantity  which  good  prac- 
tice demands  should  he  available  and  not  that  which  might 
be  needed  under  tin  most  extreme  conditions.  In  the  Bal- 
timore conflagration   water   was   actually   used  at  the  rate  of 

gal.  a  minute,  ye)  in  our  reports  we  have  asked  only 
that  12. mm  gal.  a  minute  should  he  available  about  any  block 
in  tie  congested  business  section,  with  6,000  gal.  a  minute  ad- 
ditional tor  a  second  lire  occurring  at  the  same  time.  A 
few  months  alter  on   Hartford.  Conn.,  was  issued, 

in  1916,  a  lire  occurred  at  which  water  was  used  at  exactly 
the  rate  we  requested  This  fire  did  not  spread  outside  the 
building  in   which   it  originated,  and   was  very   much  smaller, 

as  water  needs  are  concerned,  than  other  fires  which 
For  tour  hours  during  the  Atlanta  conflagra- 
tion in  1917  watei  used  on  tin-  tip'  was  at  the  rate  of  13,000 
gal.  a  minute,  yet  the  fire  occurred  in  a  residential  section 
for  which  we  modestly  asked  2,500  gal.  a  minute  about  an) 
block.  Examples  like  these  could  he  multiplied  indefinitely. 
It  there  la  any  error  in  the  quantities  we  recommend,  I  be- 
lieve,  it    is   in   not  asking  enough. 

Reliability  of  a  Water  System. — The  second  viewpoint  by 
which  a  water  system  is  judged  is  reliability.  In  general, 
reliable  tire  protection  requires  duplication  of  such  parts  of 
a  water  system  as   ma]    reasonabl  ted   to  become 

Inoperative      Aqui  and    ol    substantial 

ictlon,   such   as  masonry   or  concreted   steel,  are  con- 

i   rufflclently  dependable  as  nol   to  require  duplication. 

recognized   that    a    so-called    gravitj    system     one   de 

Uvering   supply   direct   to  the  citj    from   the  Bource   without 

limps,    1-    I'"  a    hi'-    protection    stand 

point,  hut   a   well-  ad    properlj    safeguarded  direct 

the   high   pre    "re   Bn 

I     .    so    re  ai  |j     ap| IChe  -    the    gravity 

.mil   reliability    that    nn  > 

The  Introduction  of  storage,  elthei  elevated  ami     applying 
a    or  f"i     action     upplj ,  ofl    et    to  a 

Hie      need      c,f      c|  l|  |i|  lea  t  ic  ill      ill 

parts  tie    value  of  tie  pending  upon 

it»  amount  and  location.  In  general,  all  storage  lessens  the 
require  part*     e,|     Hie        \    i,n,     through     which 


the  supply  has  alreadj    pa  sed      it   Is  assumed  that   sti 
adequate   to  meel    maximum   consumption   demands   toi 
days   plus   lire  flow    for  t.n   hours,    is  sufficient    to   permit  the 
making  i     mo  t  ol     bi  alterations  or  additions  Inci- 

dent to  the  operation  oi  b  water  supply  system  Where  stor- 
age   fluctuates    materially     eliiriiiL-    the    twenty  four    boui 

minimum  Btorage  maintained   I     u  ed  in  all  calculations,     in 

li"    case    is    a    rate  n    I  Ic-    actual    capacity    ., 

mains  from  the  n  red      Owing  to  the  decrease 

in    pressure    when    watei     ,      drawn    down    in    stnndpipi's,    only 

'!"■    ■  apacity    of   the    top    twenl  feel    is   considei 

effective  -linage.,  unless  th<  standplpe  is  on  elevated  ground 
and  fire  engines  are  generally 

Principal     Requirements     in     Grading     Water    System.— In 
grading  a  water  system  deflcienc)    charges  are  made 
32  separate   heading)       Brieflj      tated    the   principal   require- 
ments   are    as    follows: 

The  chief  executive,   either   superintendent   en-  chlel 
neer,  shall  he,  competent   and   qualified   bj    experience.     Em- 
ployees  shall    mil    i.  ,.,..,1    b)    ever)    incoming 
political   administration      Records    ami    plans   shall   he   such 
as  to  facilitate  re-pairs  ami  tn  permit   the  leration 

of  the  system,      lam  i vs   -hall   he  quickly  available. 

Fire  alarms,  particulate  \  in  direct  pressure  systems,  shall 
sound   in   appropriate     watei    works  quarters 

Two  items  are  of  fundamental  importance  and  ma)  nave 
very  heavy  charges,  'lie  first  is  based  on  the  normal  ability 
ol    tn.'   source  including    impounding    reservoirs, 

and  all  parts  of  the.  uppl)  works,  to  deliver  the  required 
quantit)  to  the  district  being  considered.  The  second 
reliability  of  the  oun  ol  supply.  Under  supply  worl 
Include  intakes,  suction  lines,  pumps,  boilers,  stacks,  air 
compressors,  filters  ami  force  or  supply  mains.  The  extent 
of  deficiency  of  each  pan  .a  the  supply  works  is  considered 
and  the  percentage  of  <  I « ■  t  i<  ■  i  <  m  e,i  the  mosl  serious  is  used 
for  computing  the  charge  I  nder  reliability  we  consider 
such  items  as  frequency  and  duration  of  droughts,  physical 
condition  of  Intakes,  dan  ei  from  earthquakes,  floods,  forest 
and  grass  fires,  ice  aams  and  other  ice  formations,  and  silting 
up  or  shifting  of  channels. 

Pumping  capacity  musl  be  such  as  to  allow  two  pumps  iii 
reserve.  The  deficiency  charge,  however,  is  very  small  for 
the  second  reserve  unit  ami  is  still  further  reduced  for  small 
cities.  In  cases  where  both  low-lift  and  high-lift  pumps  are 
provided  and  reliability  of  supply  is  dependent  on  both,  the] 
are  considered  separately,  and.  if  necessary,  charges  are 
made  for  each.  Boiler  capacity  with  a  reserve  of  one-fourth 
the  entire  capacity,  and  in  any  case  at  least  one  boiler,  must 
be  sufficient  to  operate  the  pumps  and  auxiliaries  required. 
Electric  transmission  line:  team  piping,  or  gas  or  oil  piping 
to  internal  combustion  engines  or  boilers,  shall  be  so  ar- 
ranged that  a  failure  in  any  line,  or  the  renewal  of  a  valve, 
transformer  or  oil  pump,  would  not  prevent  maintaining,  in 
connection  with  Btorage,  maximum  domestic  consumption  for 
two  days  and  lire  flow  tor  ten  hours.  Pumping  stations  and 
other  portions  of  the  plant  shall  contain  no  combustible  ma- 
terial in  their  construction,  shall  he  protected  from  exposures 
and  have  suitable  private  lire  protection  When  pump-  are 
electrically  operated  the  aerating  station  supplying  them 
should  have  the  same  ;■  atures  of  reliability  thai 
in  the  pumping  station 

Although  aqueducts  of  substantial   construction  are   di 
quired  to  be  duplicated      action  or  gravitj   lines  to  pumping 
stations,  flow   lines  from   reservoirs,   torce   mains,  etc..  shall 
be  of  such  capacity  and  bo  laid  mil   thai   no  single  break  will 
prevent   the  delivery  of   the   required    quantit)       Such    line 

shall  he  laid  as  nut  t"  endangei  each  Other,  ami  their  failure 
at  stream  crossings,  railroad  crossings  and  other  points 
where  physical  cond >  shall  \n<  guarded 

against.     In  connection    »ilh  BUppl)    mains,  there  must    be  ait 

eries    ami    secondary    feeders    eei    sufficient    size    ext 
throughout    the    dlstrib  tem       The    gridiron    shall    lie 

made  up  ei   mincer  dial rl  larger  in  diameter, 

connected  at  intervals  m.i  exceeding  600  ft.  and  free  from 
de.aei    ends,      These    '  barges,    however,    are    reduced 

ires  are  high,     in  o  ord      It  is  a  i  ei  tain  quantit] 

0l   water  thai  i. .ti"  i    than  a   strict   adherence  to  a 

rule.  Pipe  in  unreliable  condition,  whether  cement  lined, 
wood  or  metal,   is  charged   for. 

The  distribution  system  shall  be  equipped  with  a  sufilcieni 
number  ol  ^-ate.  valve;    c.  located  that  no  single  case  ol 
dent,  breakage  or  repaii   to  the  pipe  system  will  necessitate 
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the  shutting  .    .1  lengtb  ol   pipe  -      iter  tl 

ii.   m   high  value  districts,  or  greater  than   800   tt.   in  other 

,  i  i  ions. 
The  requirements  for  hydrant  spacing  are  based  on  the  as- 
sumption  thai   hose  lines  shall  not  exceed  olio  ft    in  length 
when    laid    directly    from    hydrants,    and    600    ft.    in    lengtb 
when   supplied    by    fire   engines.     The   unit    of    measu 
which  has  been  adopted  for  determining  hydranl    spacing  is 
the  area  served  by  each.    The  area  required  depends  on  the 
quantity  of  water  which  the  fire  department   may   be  called 
upon  to  handle,     in  the  largest  cities  the  avei  ige  area 
by  a  hydrant  in  the  congested  district   shall  not  .\,  ,-, 

sq.  ft.,  hut   in   villages   where  a   Are   Bow    Of   onlj     l  I  gal.  a 

minute  is  ask.nl  tor.  an  average  area  of  120, sq  tt,  is  per- 
missible. Hydrants  shall  be  maintained  in  good  operative 
condition,  shall  be  of  stub  size  and  type  as  to  deliver  600 
gal.  a  minute  with  a  friction  loss  of  not  over  :''.•  lb.,  and 
connections  to   mains   shall   be   gated. 

t  imagine  some  of  you  will  say  it  is  well  to  aim  high.  I 
admit  that  our  standards  are  high,  but  they  are  by  no  means 
unattainable.  The  very  fact  that  so  many  water  - 
approach  complete  compliance  shows  that  our  requirements 
I  are  not  excessive.  Of  sixteen  cities  on  the  Pacific  Coast, 
on  which  the  National  Board  of  Fire  Underwriters  have  re- 
cently issued  reports,  three  have  water  works  which  may 
be  considered  as  90  per  cent  perfect  from  the  standpoint 
of  fire  protection.     One  grades  as  high  as  95  per  cent. 


Direct  Billing  by  Meter  Readers  Cuts  Cost 
for  Power  Co. 

Three  years'  experience  by  the  Livingston  branch  of  the 
.Montana  Power  Co..  with  direct  billing  of  consumers  by  meter 
readers,  has  demonstrated  that  the  system  employed  has 
many  advantages  and  shows  a  considerable  saving  over  the 
one  formerly  used.  The  methods  were  described  h>  .Mr.  J. 
R.  Kaiserman.  manager,  Livingston  Branch,  in  the  Electrical 
World,  from   which  we  have  taken  the  matter  following: 

I'niler  the  old  method  of  billing  the  meters  were  read  by 
the  meter  reader  and  the  readings  entered  and  figured  in  the 
liners'  ledger.  From  this  the  bills  were  prepared,  put 
in  envelopes,  stamped  and  mailed.  Unless  a  window  envelope 
was  used  it  was  further  necessary  to  address  the  envelope. 
Several  days  after  the  meters  had  been  read  the  bills  were 
delivered  by  the  postman,  who  covered  virtually  the  same 
ground  as  had  the  meter  reader.  As  the  entire  procedure  was 
wasteful  an  effort  was  made  to  eliminate  all  unnecessary 
duplication. 

The  first  thing  was  to  eliminate  the  meter  readers'  record 
book.  It  was  found  that  the  addressing-machine  plate  could 
easily  supply  the  necessary  information  such  as  the  corn- 
serial  number  for  the  meter  to  be  read.  This  number 
•r  ,„,  aI1  aluminum  tag  attached  to  the  meter,  under 
one  of  the  binding  nuts  on  the  face,  or  is  placed  on  the 
meter  by  a  rubber  stamp  which  imprints  the  number  on  the 
dial  plate.  Following  this  number  a  letter,  or  combination 
of  letters,  is  the  key  denoting  the  meter  location,  and  follow- 
ing this  is  a  numeral  signifying  the  classification  of  the  con- 
sumer. This  latter  classification  number  denotes  the  kind  of 
service  which  the  meter  records.  The  meter  readers'  routes 
are  laid  out  to  make  the  walks  as  short  as  possible,  so  that 
no  unnecessary  overlapping  is  done,  ami  tie-  consumers' 
accounts  are  arranged  to  coincide  with  the  route  taken  by 
the   meter  readers 

Ir.  the  plan  now  in  use  the  bills  for  a  c  route  are  run 

through  the  addressing  machine  in  the  ;  ler  as  found 

in  the  ledgers,  and  necessary  information  is  written  on  the 
bill,  such  as  the  previous  reading  and  date,  the  meter  con- 
stant and  readiness-to-serve  charge  (if  any),  the  balances 
due.  and.  in  the  event  of  power  users,  the  fixed  charge  and 
the  corresponding  rate. 

The  meter  reader  (better  called  the  outside  office  man) 
is  now  ready  to  start  on  his  route  to  read  meters,  compute 
the  bill  and  leave  it  with  the  consumers.  The  bill  is  thus 
rendered  several  days  sooner  than  by  the  old  method.  No 
attempt  is  made  by  this  man  to  collect  the  amount  of  the 
bill  as  we  wish  to  have  our  consumers  come  to  the  office, 
where  appliances  are  on  display. 

The  stubs,  bearing  copies  of  the  bills  left  with  the  con- 
sumers, are  then  returned  to  the  office  and  placed  in  a  file 
near   the   cashier's   window.     When   the   consumer   produces 


his  bill  to  make  payment    tl  erial   number  are 

note, i  bj    the  cashier  and  tie    i  jb   i     quickly 

located  Before  closing  the  daj  business  the  cash  receipts 
are  listed  by  the  route  and  serial  number  to  check  against 
the   cash,   and    the   following    daj    thi  7\     their   new- 

data  posted  on  the  consumers'  ledgers.  In  one  operation  the 
new  reading,  the  date  of  reading,  the  kilowatt-hour  con  ump 
tion,  the  amount  Of  the  bill  and  lie  amount  paid,  as  well  as 
the  discount  allowed,  are  all  posted.  It  is  found  that  approxi- 
mately :m  per  cent  ol  the  bill-  are  paid  within  Hie  .",  da\  dis- 
count period  allowed.  The  lolls  unpaid  within  that  period 
are  posted  from  the  stubs  bit   in  the  cashier's  tile. 

The  advantages  shown  are  these:  The  meter-record  books 
are  eliminated;  the  time  necessary  for  trail  cribing  the  read- 
ings to  the  ledgers  is  saved;    there  are  no  bills  to  prepare 

from  the  ledgers  and  no  placing  Of  bills  in  envelope!  lamp 
ing  and  mailing:  bills  are  in  the  bands  of  thi  COB  Minors 
three  to  five  days  earlier  than  before,  and  accounts  are  col- 
lected much  sooner.  An  advantage  noted  by  the  cashier  is 
that  it  is  no  longer  necessary  to  run  through  the  ledgers  to 
se-  what  accounts  are  unpaid.  As  long  as  any  stubs  remain 
in  the  file  he  knows  that  they  represent  unpaid  accounts, 
and   delinquents  are  easily   followed  up. 

Another  advantage  is  that  where  the  meterman  has  no 
record  of  previous  readings  for  several  months  back  to  indi- 
cate  the  usual  monthly  consumption  of  energy,  he  becomes 
more  efficient  in  reading  meters  as  he  does  not  have  anj 
thing  to  serve  as  a  guide  and  has  no  opportunity  to  "guess" 
the  reading.  We  now  find  it  extremely  seldom  thai  an  error 
Is  made  in  readings  as  the  meter  readers  have  been  trained 
to   become  more  accurate  and   self-reliant. 


Electric  Unit  for  Thawing  Water  Services 

\  gas-electric  unit  which  lias  given  good  service  to  the 
Water  Department  of  St.  Paul.  Minn.,  is  illustrated  below. 
According   to  the   37th  annual   report    of   the   Water   Commis- 


Unit  to   Be   Mounted   on   Truck   for   Electrically   Thawing   Water 
Service    Pipe. 

sioners  of  thai  city,  this  unit  thawed  out  1,200  service  con- 
nections at  an  average  cost  of  $2.8:'.  per  service.  The  thaw- 
ing operations  took  from  5  minutes  to  15  minutes,  the  average 
being  less  than  10  minutes.  The  outfit  consists  of  one 
'Capitol"  4  cylinder  motor.  35  H.P.,  directly  connected  to  a 
20  K.W.  generator.  The  engine  is  governor  controlled.  The 
generator  current  is  controlled  by  suitable  switch,  fuses, 
rheostat,  volt  and  ammeters,  all  suitably  mounted  on  a  sub- 
stantial panel  above  the  generator.  The  current  from  the 
generator  to  the  service  pipe  in  the  building  or  service  con- 
nection is  conveyed  by  flexible  cable  which  is  carried  on 
the  reel  when  not  in  use,  final  connections  being  made  by 
universal  clamps.  The  reel  has  commutator  on  one  side 
connected  to  generator  and  carries  400  feet  of  cable  to  con- 
nect to  nearest  fire  hydrant  or  main  connection.  The  nec- 
essary' amount  of  cable  may  be  reeled  out  as  required.  The 
dimensions  are:  Length  over  all,  10  ft.;  height  to  top  of  in- 
strument board,  4  ft.  6  in.;  height  to  top  of  radiator.  3  ft.  6  in. 
The  unit  weighs  approximately  2,800  lb.,  and  is  self  contained 
except  the  gasoline  tank,  which  is  carried  separate  and  con- 
nected to  carburetor  by  vacuum  system.  Its  operation  is 
taken  care  of  by  motor  truck  driver  and  helper.  This  thaw- 
ing outfit  is  manufactured  by  the  Auto  Engine  Works,  St. 
Paul,   Minn. 
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nd  (  ontracting  for   February   -.    1922. 


New    Steam     Turbine     Driven    Centrifugal    Pump 

A   n-  v    steam    turbine  driven   centrifugal   pump  has   been 

■  ..  the  lino  hi   the  Goulds   Manufacturing  Co.,  Seneca 

]  -  'I'll.-  unit  consists  ol   Goulds  centrifugal   pump 

■i  ■:   to  .i   i k  ■  bine.     The  latter  is  ol 

•     multiple    Impulse    type      This    our1 
from    stoch    as    complete    units,    assembled    and 
furnished  ready  to  Install,    Tin-  turbines  are  fitted  with  con 


Goulds    Steam    Turbine    Driver 


\<    Pump    for   General 


i„ .  .i  governors.    In  addition  constant  excess  pressure 

and  constanl    pressure   governors  can   be   furnished      These 

turbine  driven  pumping  units  are  stated  to  be  particu 

larly  adapted  tor  boiler  f lin^.  hoi  water  heating,  brine  cir- 

adensor  work,  tank  Blling,  ti  i-.  •  protection, 
mill  supply,  etc.     The  units  are   furnished   in  various  sizes. 
The  standard  sizes  and  capacities  tor  the  general  service  out- 
flows: 


Appro; 

.    gal- 

Maximum 

Ions  per 

minute. 

1  *ressure 

ill 

Minimum. 

Maximum. 

or  bead. 

4 

:. 

or 

6 

1, 

IE0  tt, 

H 



1" 

1   100 

be  furnished 

New  Double  Acting  Force  Trench  Pump 
A  ii--'\   double  ai  pecially 

tu  handle  dirty   water  tound   In   trenches,  sewers,   manholes, 

has  bei  n  placed  on  the 
market  by  the  Domestic  Engine  &  Pump  Co.,  Shippensburg, 
Pa.  The  pump  is  ol  the  displacement  piston  type  with  sta 
tionary  water  sealed  packing  rings.  The  unit  is  Qtted  with 
a  winch  head,  capable  ot  giving  a  Ingle  line  pull  of  500  to 
600  Mi.,  whirii  can  be  used  tor  lowering  or  lifting  material 
tr<  nches,  or  tor  many  other  purposes.    The  pump  has 


Trench    Force    Pu 


th    Winch    Head. 


■I    cylindrical    plungei     packed    with    ordinary    water 

piling)  i  Itj    pump  can  be  packed 

with  loosened  and  unwound  strands  ol  hemp  or  manila  rope, 

which  be  unit 

one  with  a  2  H.P.  ei  paclty 

per  hour,  and  a  net  weigh)  ot  1,000  lb.,  ai 

itii  a  4  II  P,  engine,  a  capacil  al,  per  hour, 

and  .i   net  weight  o(  1.800  Hi 


Obituary 

George   W.  Jackson  i   at    E\ 

•"■• Ins  a  hriel  Illness  with  pneumonia      From  1883. 

"'    Jackson  began  l  com  ractoi   al    th< 

red   m   Chicago,   but    n    also  extended  aa  fur  as 


01  k  and  Colorado      Hi    n n  1  eferred  to  aa  a  otc- 

ii    '  than    that :   he   was  :i   man 

who    did  things,"  who  and  failures,   but  mistakes 

■  i  l. ot-,    •  pli  ii   rati 

to  avoid 


fears   mistakes   and    who 

III,    Ml 

,  ,Ml     !  uown  work  was  prob- 

ablj   the  construction  of  CI  GO  miles  ..f  freight  tunnel       II. 

built   the  Strlckler  tunnel  1 11     through   Piki  ewer  and 

Jja'n<M  ■  i    several    brli  InstaUed 

pneumatli    |  ub<  t,  ra   foi    the    Associated    1 1 

about   mi  pei   ,  .  ■  ■   ..•   th. 
Illnois    Bell     relephon<    Co      Postal   Telegraph    £    Cable    Co.,    and 

n   Telegraph  Co    In   th.    Barm    ,  Itj       i:.  i 
]'.n  i  his  work  totaled  about 

He  undertook  to  build  :.  land  and  lake  tunnel  at  Seventy-third 
SI  to  cost  Ji.Mii. ai  in.  Barm  time  he  contracted  rot  con- 
struction of  the  Yonkers  pressun  tunnel,  Catsklll  aqueduct,  a  part 
ol  the  New  Xork  City  water  supply  Bystera 

He  had  planned  using  the  same  machinery  .«ii  both  "jobs."  but 
an   accident   at   Seventj    third    SI  pi.  tton   ot 

that  P'  ■  in  in  u  machlnet 

",  ■  "',"",,  ,  ' llls  was  i 
and  in   1911  his  companj    •■■ 

hai    Mr.   Jai  kaoi  i    loss   In    the    fallui  ■ 

,i    ii,,    time 
death  appeare  Ii  •   .  i    on'a  In- 

ventiveness was  alwaj  b  o  fin  tor  in  both  his  ,  arller  and  later  work 
and  mans   of  his  mac]  own  devising 

Whether  rightly  or  wrongly,    Mr.  Jackson   has  long 
with  ii    peculiarly  astute   action    in    the   i   I 
dertak  I  menl   of  woi  k, 

group    was    attemptinf     to  a    large   sum    for   thi 

i"   circumvent    this  action.    Jackson    began    work   Becretly    In    the 
saloon,     ind    compli 

opposing  him  discovered  the  trick     His 
of  the  saloon   in   the  guise  of  pa 
and    the   ,.11111   was  removed    by  carts   when    the   saloon   wai 
after  midnight.    J  vas  never  seen  about   the  placi . 

when  II  learned  that   16  mil.      wen    completed  serious  01 

erved  1  hicago 

as  mi   expert    01  work    for   wh 

editor  "i   Engineering  and  Contra,  ting   fell  that  he  was  ill  eq 

ei  ni   ol   his   man)    adn 
qualities      He  was  :,  in:,,  know,  and  who  will 

Meld. 


Industrial  Notes 


Dayton-Dowd   Co.. 
tricl   offl.  •    11     PIttsbi 

be  in  ehai 

been  connected  with  I 

At  the  annual  meeting  ol  Hi, 
F.  Lang  retired  from  0 
and  managed  by  men  « ho  ha\ 
years.      Reports   from    ih 


III. 


the 


opi  ning  of  :l  iiis- 
11111   Bldg  sale  ot 

are   pumps.     The   office   will 

.    and  sales. 

Charles 
he  companj   Is  now  officered 
e   been  connected   with   it   for  many 
ndicatlon   of 


general  busin  depai  tments, 

particularly  in   the  paving  and   general   construction    fields.      It   has 

alreadj  .1  he  fa. -tow    1,, ,,,  1    1 1> , - 

improved  demand. 

The    Kennedy   Valve    Mfg.    Co.    ba:    made    the    following    eh 

in   its  organization:     11  has  beer   appointed   assistant    to 

1 '     -X      Burg.  -    representative    with    headquarters   at 

v    v      James   P    Vturphj    has  been  appointed  assistant   to 

S    ''     Mead,   Chicago  branch    managei       John   .1.   Millik.ii.   who   has 

formerly   1 n   In  th     •  '  islstant 

to   E    11     Koons,   Eastern   sales   manager.     An   additional  office  has 
been  opened   in  the  1.    C    Smith  building,   Seattle,   Wash 

The    Westinghouse    Electric    &    Manufacturing    Co.,    East    Pitts- 
burgh,   l'a.  announces  thai   T     i  een  appointed 

ih,    Indianapol       I  Until  further 

notice,    A     1:    Hitchner,   assistant    to   th.  < 

1      ba  ■    ■  ning  a  ad    ■  Ii  ctro-cl 

Industries,  will  have  general  chi  n  ctlons  formerly  ban- 

w     11    Patterson,  »•!  ..s  assistant  to  the 

mana.  er  of  the  Industt  ■  1  ►  t    the    position   of 

vice  president    ol    th.     Eat  Hecht   Company,   Chicago,   ele- 

vator 11, 

An  agreement  has  recent  1)    heel  ween  the   Kast  Jer- 

si  y   pipe  1  !o.  and  the  Rltei  Bat 

pipe,    which    1  controlled    by    the    Easl 

Pipe  Co    since   Its  Introduction   Into   this  country   in   1905  and   has 
been    hitherto   manufactured    by    the    Easl    Jersej     Pipe   Co.   at    us 
plant  at   Paterson,   N.  J.,  will  be  hereafter  fabricated  in  the 
burgh  district  by  th,    Rlter-. 

is  regarded  a  ill  permit  con- 

Ing   in   freight    rates   and   economj    in   manufacturing. 
The  sale  of      I  I  teel  pipe  will  continue  to  be  exclusively 

in  the  bands  ol   the  1 


Trade  Publications 


si  to  engineers  and  con- 


Pumps  and   Supplies.      A     D     Cook,    I  .a  w  r.  11, -eluirg. 
ol  th.    .1.  •  p  well  pumps  and   suppli.  a  foi    tube   wi  IU 
company.     Includ.  s  Illustration!  and  di 


heada 


The  following  trade  publ 

'  '.italog 

maliui 

vertical 
power  pump  standards 
earners,  etc,  etc 
uded, 
jrbines.     Pelton    Water    Wheel    Co.,    San    Francisco       Bulletin 
■  Hon   water   wheels    (Impulse    turbines)    and    r< 

ilpmenl 
i...   1  he  company,  and  dlsi 
n 

voted  to 


deep  well   pumplt  oower  hi 

well  working  barrels  and   \ 

Huh 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)  Street  Cleaning 

(b)  Streets  (d)    Municipal     Mlacellanle 

(e)   Management   and   Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation    and    Draine 

(b)  Sewers    and     Sanl-      (d)    Power  and    Pumping 
tatlon 

(e)    Management    and   Office 
System 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (e)   Quarries  and    Pits 

(b)  Management   and        (d)   Steam     Railways.     Con- 
Office  System  Btruction   and   Maintenance 

te)    Electric    Railway    Construction 
and   Maintenance 

Buildings  and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

<c)   Harbor   Structures 


(d)  Miscellaneous    Structure* 

(e)  Properties    of    Materials 
Itl    Managament     and     Office 

System 
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Sivf-i»#»n    MnntKi*'   Wnrlcina«s    of    tH#»  '"'''  ol  sountl  character;     We  sa>'  ,Mi*  advisably,   and   with 

oixieen   iviomns     w  orKings   or   me  fu!I  recognition  that  in  the  main  the  water  power  devei0p. 

Federal    Water    Power    Act  ments  of  the  past  have  been  wisely  undertaken  anil  econom- 
ically  carried    out. 
Whatever   may   be   the    imperfections  of  the   water  power  Another   encouraging  feature  of   the   situation   is   the   ten- 
standing  on  the  statute  books  of  the  United  States,  dency    to   join    power   sources    of   great   areas    into    compre 
'!  "i  the  year  1921  indicates  quite  clearly  that  it  is  hensive   systems   affording   the    best   obtainable    load    factor 
Improvement  over  the  laws  which  controlled  water  power  an(i    the    most    economic    possible    arrangement   of    reserve 
ni 'tit   during  the  preceding  decade.     We  quote  statis-  and  emergency  capacity.    In  the  face  of  the  enormously  rapid 
1b    'Mechanical  Engineering"  for  February.  increase  in  power  demand  these  "super-power"  developments 
In    the   sixteen    months    following    the   passagi                     ederal  may  be  counted  upon  to  keep  the  cost  of  power  within  rea- 

,r  A"  '"   ,:'  '"  lh  "    were  Bled  with  thi    Coi n   185  sonable  limits,  or  perhaps  even  to  reduce  that  cost.     II    maj 

applications  for  preliminary  permit  and  85  application  hl.  ,hat  wjthil)   .,  score  of  years  the  railways  of  the  country 

to  deve                                   negating  totals   of   11.060,000   primary  ,„  be           ,                          super-power  idea  a   benefit  exceed- 

and    5,i66.000    sec,.                                                ,,,      ...  ,.                      .wer    of  .                       /      '                       , 

estimated   installation.     This   Is    twice   the   water   hoi  lng   that   oE   any   other   class- 

en  developed   in   the   United   State!    to  date  and   from 

six  times  greater  than   the   a        11   api                           a    with  TL  ^    E"  _._:__._..    „.  „    „     C,.».^».:_.».    D^;~„ 

the  Federal  Govemmei                      ,,„,,  1  he  Engineer  as  a  Superior  Being 

Dp  to  November  l.  final  action  has  been  taken  on  89  applica-  Engineering    and    Contracting   has    been    a    consistent   and 

tions.  in  which  27  preliminary  permits  and  ?,l  lid                      luthor-  a  persistent  advocate  of  the  engineer  as  the  man   host   quali- 

P*    inv°lv'ne    l.«6.< irimary    and    2.627,(H                                '  fied   to  decide  man-,    matters  and  to  handle  many  activities 

Construction  is  now  under  way  on  the  folk™  commonrj    controlled  by  men  from  other  callings.     Likewise, 

Primary       Installed  it  has   been   an  advocate   of   "an   engineering   education"    as 

-,_,.„_                                                                                    '  the  best  preliminary  training  for  numerous  lines  of  business 

Henry  Ford   &   Son.  Inc..  Hudson  River,  N.  T..     3,640             8,100  ,    .     .      ,             »',,„., 

Is  Power  Co..  Niagara  River.  N.  Y  ana   industry   not  usually   termed   engineering. 

Southern  California  Edison  Co..  Big  Creek.  Ca I  K" ">'  From    this    position    we    abate    nothing,    but    we    do    warn 

Alabama  Power  Co..   Coosa   River.   Ala     21   160         110,000  .      .    ..       -                  -          ...                                                    ,        -    , 

Snow    Mountain   Power  &   Water     Co..     Eel  against  the  danger  of  exalting  engineers  as  superior  beings. 

River,   Cal 9,TiOO         16,670  The  engineer  is  just  as  human  as  the  carpenter,  and  the  fact 

Rive"     oaS  GaS.&.EIeCtr'C.^°:.^raeric^n    6,400          6,400  that    ho    sometimes    deals    spectacularly   with   the    forces   of 

V\"isc,nsin-Minn?sota    Light     &     Power     Co..  Nature    does   not   justify    him    in    treating   lightly    the    work 

lr'r^nmlnao'7rmsmiftion'o'nly')' 10,00°         ""  and    accomplishments    of   others.      In    fact,    sad    to   say.    his 

accomplishments  are  sometimes  spectacular  failures. 

This  record  is  indeed  encouraging,   and   we   may   well  an-  There  are  many  activities  being  handled  by  men  of  legal 

ticipate    that    with    returning    prosperity    there   will    be   still  or  business  training  which  could  be  handled  better  by  quali- 

further  impetus  given  to  power  developments.     Not  only  is  fied  engineers;  and  the  profession  is  justified  in  urging  that 

there   proper  reason   for   congratulation   on    the   increase   in  its   members   be   given   whatever   work    they   can   do   better 

volume   of   development,    but    there    is    now    a   maximum    of  than  others;   but  a  too  great  self  conceit  in  the  engineer  as 

reasonable    assurance    that    the    projects    to    be    undertaken  in  any  man  is  likely  to  lead  to  misfortune.    We  do  not  imply 
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that  mii  h  dangers  afflict     •  more  often  or  mo 

verely  than  they  do  persons  of  other  callings;    iu  tact,  we 

the  reverse  to  be  true;  but  as  engineers,  it  behooves 

note  our  own  shortcomings  and  to  Bees  their  remedj 

Nor  does  the  over-estimation  of  engineers  lie  whollj    within 

our  own   profession.     There   are  OUtsTders   who  seem   to   feel 

■hat  the  mere  title  of  "engineer"  is  a  credential  lor  the  under- 

'aking   of  any   task.     Eugineers    ami     engineering     so 

should  be  foremost,  not  only  In   disavowing  all   such   claims. 

•it  In  insisting  on  the  most  rigid  Qualification  ol  all  who  art- 
placed  in  charge  of  important  work.  We  regret  that  this 
country'  has  had  more  than  one  instance  of  an  engineer  justly 
eminent  in  some  specific  line,  being  chosen  and  accepting 
employment  in  the  conduct  of  work  iu  another  field  for  which 
he  was  quite  unqualified — sometimes  with  very  unfortunate 
result6. 

Elsewhere  in  this  issue  we  print  a  short  article  by  Mr. 
W.  J.  Towne,  Chief  Engineer  of  the  Chicago  &  Northwestern 
Ry..  gluing  some  sound  advice — advice  likely  to  be  of  par- 
tioular  value  to  the  man  Just  sut  of  college — on  the  subject 
><f  the  engineer's  attitude  toward  his  owu  abilities  and  to- 
ward his  fellow  workers  from  the  lowest  to  the  highest.  Mr. 
Towne's  article  appeared  in  the  February  issue  of  "Profes- 
sional Engineer,"  the  monthly  publication  of  the  American 
i  ion  of  Engineers. 


The  Failure  of  the  Chicago  Shops  as 
a  Lesson  in  Socialism 

in  our  Feb.  1  issue  we  quoted  some  details  from  a  news- 
paper account  of  the   failure  of   Chicago's   municipal   shops. 

blob  were  closed  in  January,  and  commented  editorially 
thereon.  Comment  on  the  same  incident,  but  with  a  slightly 
different  emphasis  is  contained  In  the  recent  editorial  of  the 
('hicago  Tribune  which  follows  in  full: 

"A  committee  consisting  of  aldermen  and  representatives 
of  several  trade  unions  have  been  inquiring  into  the  failure 
of  the  municipal  shops.  It  diagnoses  the  case  as  one  of 
'mismanagement  and  politics."  Some  of  the  union  men 
want  the  shops  to  continue.  One  of  these  at  least  is  a  So- 
cialist. The  case  is  a  lesson  in  socialism,  but  no  Socialist 
will  learn  it.  It  is  a  lesson  in  public  operation  or  bu- 
reancracy.  Advocates  of  public  ownership  and  operation 
will  not  learn  it.  But  the  public,  not  committed  to  any  pan- 
acea, might  give  it  some  attention. 

It  is  easy  to  see  the  faults  of  private  ownership  and  op- 
eration faults  of  human  selfishness  and  defects  of  human  ef- 
aciency.  But  before  we  assume  that  we  shall  better  our- 
selves and  escape  human  limitations  by  public  ownership 
and  operation,  it  will  pay  us  to  observe  what  happens  to  ex- 
periments in  them.  Socialism,  public  operation,  means  in 
actual  practice,  bureaucracy,  politics.  It  means  that  utilities 
will  be  run  by  politicians  and  political  Job  holders.  Compare 
a  government  office  with  a  private  utility  and  do  a  little 
thinking.  In  some  cases  it  may  be  that  the  public  must  take 
over  a  utility,  but  if  wo  are  wise  we  will  realize  that  these 
are  special  cases  and  do  not  weaken  the  general  rule  that 
private  initiative  and  the  pressure  of  competition  produce  a 
higher  efficiency  and  therefore  a  greater  public  benefit  than 
the  management  of  politicians  produces. 

Even  where  private  management  produces  exorbitant  pri- 
vate profits,  the  wrong  is  offset  in  public  benefits  by  effi- 
ciency, whereas  political  management  not  only  maintains 
a  comparatively  low  level  of  service  but  Is  wasteful  and 
subject  to  a  heavy  drain  in  graft  and  political  upkeep.  Eco- 
nomic law  corrects  exorbitant  profit  taking  where  competi- 
tion is  free.  In  other  cases  in  which  monopoly  conditions 
exist  or  special  privileges  have  been  obtained  checks  can 
be  applied  without  turning  over  the  Industry  to  the  govern- 
ment. There  can  be  neither  efficiency  nor  economy  in  a 
management  which  employs  workers  on  the  basis  not  of 
their  efficiency  In  the  work  for  which  they  are  paid  but  for 
efficiency  in  political  hustling.  That  is  how  public  opera- 
tion will  be  and  must  be  managed  and  if  generally  adopted  It 
would  put  a  blight  on  the  prosperity  of  the  country  from 
which  rich  and  poor  would  suffer. 

In  Russia  they   I  taste  ol   public  ownership  and 

t;ht  the  rich  Russian  land  to 
xrik  of  ruin.  So  Russia  Is  going  back  to  private  own- 
ership and  management,  to  private  property,  and  private 
initiative      In    Fra'  maintaining 


B  huge  burden  of  public  job  holders  and  there  Is  no  Indus- 
trial progress  in  that  country.  France's  prosperity  rests 
upon  the  small  land  holder,  whose  private  interest  maintains 
her  efficiency  and  keeps  the  foundations  of  French  wealth 
and  stability.  America  is  the  laud  of  private  initiative  and 
any  one  who  is  dissatisfied  would  do  well  to  compare  our 
conditions  with  those  of  any  bureaucratic  or  socialistic  conn 

try   in   the   world." 

Book  Reviews 

Stadia   Tables.     B]     v  e  Reclamation    Engl 

"'  ■  '  m        !  ound    \    In      The 

Stati  Reclamation    Department,   Austin.   Tevat 

This  Is  one  of  the  very  best  stadia  tables  which  we  have 
•  rer  encountered,  Its  entire  substance  and  make-up  being 
directed  to  the  most  convenient  and  practical  use.  It  gives 
differences  of  elevation  and  horizontal  distances  for  vertical 
angles  for  every  minute  from  0*  to  30°  and  for  observed 
distances  as  follows:  For  angles  less  than  10°,  2.5  unit  Inter- 
vals between  observations  from  100  to  140,  a.O  unit  intervals 
between  observations  from  140  to  1,000;  for  angles  greater 
than  10°,  100  unit  intervals  Trom  100  to  900  Inclusive.  This, 
of  course,  requires  Interpolation  for  most  observations  above 
10°.  For  angles  less  than  10  interpolation  Is  simple  and  easy 
when  needed,  but  the  completeness  of  the  tables  makes 
such  calculations  unnecessary  except  in  cases  requiring  ex. 
treme  accuracy. 

There  are  tables  of  correction  for  focal  distances  (f  -4-  o 
for  every  degree  between  1°  and  30°,  and  at  the  bottom  of 
each  page  are  spaces  in  which  both  vertical  and  horizontal 
corrections  can  be  listed  for  whatever  instrument  may  be  In 
use.  A  cut  side  Index  makes  it  possible  to  open  the  book 
instantly  to  any  page  desired.  It  is  printed  on  thin  paper 
for  field  use  and  on  heavy  paper  for  office  use. 

An  abridged  edition  of  about  one-half  the  size  of  the  pres- 
ent one  is  now  in  preparation.  The  abridgement  will  be  in 
the  number  of  distances  tabulated.  Outside  the  State  offices 
these  books  are  issued  unbound,  but  the  binding  can  of  course 
be  made  by  any  competent  binder. 

Construction     Costs     Keeping     and     Management,     by     Halbert      1 
'illicit,    and   Richard    i     Dana,   published  by  McGraw-Hill  Book 
1  to.,   New   York  dr  264  illustrat  i..ns;  [>'_- 

Although  its  title  is  slightly  changed,  this  book  is  virtually 
a  second,  but  greatly  enlarged  edition  of  Cost  Keeping  and 
Management  Engineering,  which  was  published  In  1909.  It 
is  difficult  to  realize  that  since  the  appearance  of  the  first 
edition,  only  13  years  ago.  the  entire  literature  of  the  science 
of  management  has  been  written,  excepting  only  a  few  scat- 
tering articles.  In  fact  the  expression  of  "science  manage- 
ment" was  first  used  in  the  first  edition  of  this  book;  but 
what  is  far  more  important,  this  book  contained  the  first  pub- 
lished attempt  to  create  a  science  of  management. 

Frederick  W.  Taylor  had  written  a  paper  on  "Shop  Man 
agement,"  but  he  had  expressly  stated  that  his  "system  of 
management"  was  an  "Invention,"  and  that  It  consisted  of  a 
new  combination  of  three  rules  of  management,  none  of  which 
in  itself  was  new.  There  is  a  vast  difference  between  an  In- 
vention and  a  science;  and  Taylor,  having  taken  the  narrow- 
view  that  his  managerial  work  was  based  on  an  "invention," 
never  attempted  to  produce  a  code  of  laws  and  rules  for  the 
guidance  of  managers.  It  is  true  that  after  the  publication  of 
the  first  edition  of  this  book,  which  was  dedicated  to  him, 
Taylor  adopted  the  expression  "science  of  management"  and 
wrote  a  book  entitled  "Scientific  Management."  but  he  still 
remained  so  fettered  to  bi  original  conception  that  his  book 
was  practically  nothing  more  than  a  replica  of  his  original 
paper,  on  "Shop  Manager 

In  the  opening  chapter  of  this  second  edition,  the  authors 
define  "science"  and  "science  of  management."  and  they 
point  out  that  "Scientific  Management"  has  existed  from  the 
earliest  days  of  Industrial  organization.  A  science  of  man- 
agement, however,  is  of  comparatively  recent  origin."  Then 
follow  14  laws  or  principles,  and  18  rules  of  management 
There  is  no  strict  dividing  line  between  a  "law"  and  a  "rule" 
of  management,  the  "rules"  being  either  laws  of  narrower 
scope  or  special  injunctions  not  in  the  form  of  a  scientific 
law,  but   usually  BUSCeptlble  of  being  thrown   into  that  form. 

(if  the  220  pages  by  which  this  edition  exceeds  Its  predeces- 
sor, by  far  the  majority  relate  to  *ost  keeping.  One  new 
chapter,  for  example,  relates  to  highway  cost  keeping,  and 
contains   10   pages,     But   ii   should  be  noted  that  much  of  the 
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matter  in  this  chapter  is  applicable  to  othei   kinds  of  con-  Replaceable  Drill   Bits 

struction. 

The  new  book   is  an  improvement  over  the  old   in   typog-  Three  different  attempts  are  now  being  made  to  develop 

raphy   as   well   as   in   contents.     It   remains   a  composite   of  a  replaceable  drill  bit.    All  are  still  in  an  experimental  stage, 

principles    of   management    and    of    unit    cos)    keeping   as    a  but  we  beIieve  a  practical  solution   will  be  obtained  in  the 

Drinie  aid  in  scientific   management.     By   giving  a   great  va-  „.,,,              „  ,               ,         .,      .  ,„   ... 

priiw  •'"'  "  =  i,_..ij  u„  ,<•  not  distant  future.  With  an  efficient  replaceable  drill  bit, 
riety   of  blanks,   forms,   charts,   etc.,   the   book   should   be   of 

aid  to  every  one  In  charge  of  construction.     By  stating  the  a  set  of  standard  drill-bit  holders  made  from  excellent  metal, 

principles  on   which  unit  cost  keeping  is  founded,   the  book  an  alloy  that  is  shock  resisting,  will  form  the  equipment  of 

should   be  even  more   helpful   than   through   the   specific   ex-  each  drill,  and  need  be  handled  only  a  relatively  short  dis- 

amples  of  forms,  etc.  tance      The  drm   bRs   a,one   wi„   make   tne  jouI.ney   to   and 

Few  engineers  seem  to  know  that  unit  cost  keeping  sys- 
teme  are  almost  entirely  the  work  of  engineers,  and   not  of  lrom  the  sharpening  shop  on  the  surface.     As  the  drill  bits 
accountants   or   others.     Prof.   Hatfield,   in   his      Modern   Ac-  represent  only  a  relatively  small  amount  of  metal,  they  can 
counting,"  makes   a   statement   substantially    In    accord    with  probably  be  made  from  a  steel  alloy  which  will  be  compara- 
the  last  sentence.  tively   expensive   but  will    be    more   efficient   in   drilling   ca- 
pacity.     Thus  there  is  the  possibility  of  a  considerable  econ- 
omy  in  drill   steel   and    in   handling   steel.     This    is   the   in- 
Low  Exchange   Rates  and  Exports  centive  toward  which  the  experimenters  have  been  working. 

To   the  Editor:      As  your   paper  has   made   a   specialty   of  Other  attempts  to  make  a  replaceable  drill  bit  have  been 

economics   and   as   true   ideas    on    public    questions   will    aid  made>  Dut  with  the  Diston  type  of  dri11'  used  at  tne  time>  tney 

,  .  .       ,.       .    .        .  ,          ,       ,         ,,..,        .  were    unsuccessful.      With    the    hammer    type    of    drill,    the 

in  right  action  being  taken,  I  ask  a  little  of  your  space  to  M    stee,   does   not   reciprocatei    but   is   held   more   or   lesa 

point  out  that  one  idea  that  is  current  is  incorrect,  that  idea  flrmly  against  the  bottom  of  the  drill  hole.    This  is  a  totally 

being  that  a  low  exchange  rate  gives  the  country  having  it  different   condition   from   the   piston   type   and   it   is  not   im- 

an  advantage  in  international  trade,  especially  in  exports.  probable  that  it  is  more  favorable  for  the  use  of  replaceable 

If  that  were  true  Germany  would  have  a  great  advantage 

j   d„i„„j   „   ...m , „„„      D,,t   fK»*   »v,!o   ;„  „„*  ,.„  i.  Anaconda  has   been   experimenting   with  a   replaceable  bit 

and   Poland  a  still  greater  one.     But  that  this   is  not  so  is  .          .    .   .       .    _,    „      ,             >,       _,        ,  ..   , 

invented   by  A.  W.   Hawkesworth.     This   bit   has   undergone 

proved  by  the  fact  that  they  have  lately  exported  less  in  a  number  of  changes,  and  we  are  told  has  not  yet  been  fully 

proportion  than  countries  having  high  exchange  rate.     This  worked  out.     A  general  announcement  or  "story"  appeared 

can  be  shown  in  two  ways:   by  comparing  the  exports  from  in  the  Anaconda  Standard  of  Nov.  20,  1921,  but  insufficient 

several  countries  to  one  country  of  steady  money  value  (the  details    were    given    to    make    possible    judgment   as    to    its 

.,   ,.    .    ~.    .        ,                   ,   „          ,    ,                             ,.       ,  ,  ,  merits.      Other   experiments    which    we    have   known   of   for 

United    States    for    example),    and    by    comparing    the    total  .    .              ,     .    ,  .      ..     ,_        .,        ,, 

some  time,  are  being  conducted  by  the  Vanadium  Corporation 

exports  to  all  countries  from  several  countries.  of  America  and   still  others  are  being  made   by   a   Western 

By  the   first   method   the   imports   into   the   United   States  inventor,  and   we  have  looked  over  his  work.     The  subject 

from  various  countries  has  been:  is  of  great  interest  to  the  mining  industries,  and  the   hope 

to  months           in  months  js  held   out   that   success   will   reward   one   or   more   of  the 

From  Germany    %  83.ooo°6oo        »  73,ooo?000  efforts  here  recorded.    As  soon  as  definite  results  have  been 

From  Poland   700,000                800.000  obtained  in  this  work,  we  will  inform  our  readers. — Editorial 

From   France    153.000.000             130,000.000  .       ,,,,,_{-,„-_(-._    „„j    \it:„i„„    t„„..„.,i 

From  Italy   70,000.000            57,000.000  in  Engineering  and  Mining  Journal. 

By  the  second  method  the  total  exports  have  been:  

rate  for  1921.  The  Trend  of  Railway  Construction 

From   Germany   $    810,000.000 

From  Poland    Numerous    indications    point    to    the    resumption    of    con- 

Prom    France    I,4nn,onn.n00  ...                   ,                                .,        ,,, 

From   Italy    2:>j.<hio.iioo  struction    work    on    a    considerable    number    of    roads    next 

This   shows   clearly   that   countries    with    depreciated    cur-  spring.     Because  of  this  fact  it  is  pertinent  to  call  attention 

rencies  do  not  have  an  advantage  in  the  export  trade,  but  just  to  the  gradual  but  steady  transition  from  the  extensive  to  the 

the  reverse.  And  this  is  further  shown  by  the  fact  that  poor  intensive  development  of  the  railway  properties  in  recent 
old   Russia,  with  the  worst  depreciated  currency  of  all.  has 

practically  ceased  to  export.  yearS"     ThiS  change  WlU  be  PartlcuIarI>'  noticeable  as  work 
Italy  and  Poland,  though  of  about  equal  population,  show  is  resumed  after  the  inactivity  of  the  last  three  years.     It  is 
great  inequality  in  exports  to  the  United  States,,  as  Italy  is  of  special  importance  to  the  engineering  officers  of  the  rail- 
sending  60   times  as  much  as  Poland,  though  Poland's   cur-  ways,  but  hardly  less  important  to  those  who  sell  construc- 
rency  is  depreciated  nearly  800  to  1,  while  Italy's  is  depre-  tion  equipment  and  to  the  contractors  who  specialize  in  rail- 
ciated  5  to  1.  way  work. 
.Nashville,  Tenn.                                              JOHN"  WILKES.  In  the  early  days  of  American  railway   development,  con- 
struction work  was  almost  all  of  the  extensive  character — 
AN         Rl                F      I  tne  construction  of  extensions  and  new  lines.  Even  as  re- 
A  New  Blasting  txplosive  cently  as  15  years  ago  when  the  St.  Paul  and  the  Western 
A  new  dynamite  has  just  been  perfected  by  the  Du  Pont  Pacific  were   building  to  the  Pacific   Coast  and  other  roads 
Co.     The  new  "powder,"  known  as  "Dumorite,"  is  made  with  were  constructing  large  mileages  of  branch  lines,  the  work 
a   double   base  of  modified   nitroglycerin   and   guncotton.     It  was  principally  of  this  character.     This  extensive  work  led 
cannot  freeze  and  does  not  produce  headache.     It  is  stated  to   the   formation   of  large   contracting   organizations   which 
to  be  as  powerful,  stick  for  stick,  under  ordinary  conditions,  were    prepared    to    handle    the    entire    construction    of   lines 
as  regular  40  per  cent  dynamite;  in  addition,  each  case  con-  several  hundred  miles  long,  including  the  grading,  bridging 
tains    approximately    one-third    more    sticks.      "Dumorite"    is  and  the  laying  of  the  track  itself. 

a  free-running  explosive.  It  is  stated  to  be  quick  and  of  As  the  traffic  has  increased  it  has  become  necessary  to  re- 
great  bulk  strength.  Before  it  was  perfected,  several  hun-  vise  the  existing  lines  and  to  add  to  the  facilities  along 
dred  trial  mixings  were  made  up,  all  of  which  were  carefully  them.  While  large  areas  still  await  railway  facilities  in  this 
studied  and  analyzed  by  explosive  experts.  The  final  ex-  country,  such  widespread  activity  as  was  seen  in  1906  has 
plosive  was  then  subjected  to  every  possible  laboratory  test.  gone  permanently.  With  the  return  of  railway  conditions 
It  was  afterwards  taken  to  the  field  where  it  was  tried  out  to  normal,  branch  line  construction  may  be  expected  to  in- 
in  actual  work  under  varying  conditions  as  to  temperature,  crease  materially.  However,  the  great  development  of  the 
rock  and  kind  of  work.  The  results  proved  the  new  ex-  future  will  be  of  an  intensive  character — the  amplification 
plosive  to  be  especially  adaptable  for  open  work  in  quarries,  of  existing  facilities.  The  trend  of  railway  work  in  this  di- 
construction  and  agricultural  fields,  for  blasting  hard  rock  rection  is  indicated  by  the  following  statement  issued  by 
and  hard  ores  where  the  ventilation  is  good  and  for  use  in  the  Atchison,  Topeka  &  Santa  Fe:  "Railroad  managements 
bituminous  coal  mines  where  a  permissible  is  not  required  prefer  to  improve  their  plants  for  the  efficient  handling  of 
and  where  a  large  production  of  lump  coal  is  desired.  the  traffic  offered,  rather  than  to  build  new  lines  at  this  time 
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Ice  eai.  ol  business  la  various  Btages  >■!  development. 
a  good  deal  of  work  will  be  done  in  th<  direction  of  improv- 
ing roadbeds  ami  terminal  facilities,  and  possibl]   BOme  -liort 

lions   win   be   made   to   round   ou(    certain    prop 
but   virgin  territory   probablj    will   have   to    wall    awhile   tor 

In    tii.'    conduct    ot    Intenslvi  ol    work    a    new 

arises   which  is  not  present   In  the  construction  of 

n.-w   lines,  namely,  the  necessity  tor  the  handling  of  traffic 

ih.   progresE  ol  the  work.  This  nect  visloo 

Much    Improvement    work   can    bi 

i > : 1 1 1  >    by    making    us.    ol    existing    tracks   and   other 

"  j   thus,   potentiaih   at   least,  disturbing  regular 

traffic    The  result  Is  that  the  railways  musl  ol  necessit]  ex- 

ervlsion  over  the  construction  work. 

and  in  many  cases  they  are  I  forming 

it  with  their  own  forces,  In  order  to  avoid  anj   divi 

rosibilitj  Tins  tendency  is  increasing  and  it  will  bring 
the  railways  into  the  market  for  more  construction  •  -» t n i i « 
men)  Buch  a~  steam  shovels,  ditchers,  (lump  cars.  Bpn 

mcrete  mixers,  as  well  as  a  wide  variety  ot  auxiliary 

appliances.    -Editorial    ill   the   Railway    Age. 


Cleaning  Vertical   Pipe  Line  with  Calyx  Drill 
following  account  of  the  novel  application  of  a   Davis 
Calyx  core  drill  for  cleaning  a  vertical  pipe  line   is  reprinted 
from  the  Compressed   Air  Magazine: 

in  the  "Mines  '!.■  Reunion."  Seville,  Spain,  the  main  pipe 
line  of  the  turbine  pumps  got  so  silted  with  scale  that  the 
pumps  had  to  be  closed  down  and  the  unwatering  of  the 
mine  carried  on  with  the  auxiliary  set.  The  incrustation 
reduced  the  diameter  to  approximately  3%  in  and  the  en- 
gineers at  one  time  thought  they  would  have  to  abandon 
the  line  altogether,  as  the  cost  of  taking  it  out.  cleaning 
and  replacing  would  have  been  excessive.  However,  before 
doing  this  it  was  decided  by  the  engineers  of  the  mine  to  try 
a  Davis  Calyx  drill  and  with  what  results  the  following 
figures  will  show. 

The  total  length  of  the  pipe  which  is  cast  iron  is  1,100  ft. 
and  the  original  inside  diameter  was  as  follows:  360  ft.,  13 
in.;  360  ft.,  12  9/16  in.;  and  380  It..  12  3/16  in.  The  flanges 
are  faced  with  a  nipple  and  recess  so  that  the  joints  are 
quite  true.  Since  the  pipe  was  installed  owing  to  a  sub- 
sidence in  the  mine  the  shaft  moved  somewhat  and  in  the 
total  length  of  the  line  there  is  divergence  from  the  vertical. 

In  the  line  there  are  five  expansion  joints  and  from  all 
accounts  the  cleaning  out  of  these  is  the  most  difficult 
operation. 

For  the  work  a  special  bit  was  made  and  the  incrustation 
cut  out  in  one  operation  but  at  600  ft.  it  was  found  that  the 
work  was  too  hard  on  the  machine  and  it  is  now  being  done 
in  two  cuts.  A  4»-j  in  Davis  cutter  was  run  down  from  the 
500  ft.  level  to  the  bottom  in  one  operation,  that  is  to  sn. 
without  removing  the  rods,  opening  the  hole  to  about  6  in. 
and  the  special  cutter  was  then  put  through,  cleaning  the 
hole  out  to  size.  When  using  the  Davis  cutter  it  was  neces- 
sary to  bring  the  water  and  silt  up  to  the  top.  the  water 
being  ted  through  the  drill  rods  in  the  usual  way.  When 
using  the  special  cutter  the  water  was  fed  outside  the  rods 
the  silt  being  run  through  the  center  hole  and  cleaned  from 
the  bottom.  At  the  time  of  writing  700  ft.  has  been  cleaned 
to  a  diameter  of  11%  in.  which  will  in  the  future  be  the 
standard   diameter. 

Ih.-   best  results  have  been  obtained  running   the  drill  at 
nd   an  advance  of  eight   feet  an   hour  has   been 
obtaii 

■Mil    be   imagined   the   machine  is   erected   in  a   some- 
•  ted    space   right   over   the   main    Winding   shaft, 
drawback  is  the  limited  head  room  which 
only  allows  of  a  10  ft.  rod  being  taken  out  til  a  time. 

The   Hi.-  -hine  used  on   the  Job   is  a  standard   Davis  Calyx 
drill    type       FT'    operated    by    air    and    after    this    work    is 
:    will    be   used   for   prospecting   for   coal. 


Study  to   Be   Made  of  Shaft  Systems  on  the   Iron   Range. — 
proposed  by  tl  reau  ..i  Mini  i  study 

ift  systems  on  the  Iron   rang.--    in   the   Lake   Si 
mining  district.     Studies   are   being   made   In   continuation   of 
an  investigation  of  conditions  of  subsidence  and  groun 

nvnt      -  irict. 


The  Effort  of  the  American  Association  of 

Engineers  for  the  Improvement  of  the 

Technical  Service  of  Our  Cities 

The  i.port  of  the  Committee  on  Municipal  Problems  pn 

at  the  last  annual  convention  of  the  association  Indl 

.  ates  that   this  organization     -   making  an   intelligent  effort 

hi    betterment   ot  i  •  illy   recognized  as 

bad.    The  report  is  ,,i   su.  i   pertinence  and  practicality   thai 

we  prim  it  herewith  In  full. 

Municipal   technical    ten  •    on    thi 

cienl  than  other  technical  organizations  to  the  extent  ol  Its 
to  attract  hlgh-cls      engine.  clenl   numbers 

This    means  that   the   distribution   of  technical   ability   is    on 
favorable  to  the  cities     This  la  not  therefore  a  probi- 
the  engineering  profession,  but  a  municipal  problem. 
The  difficulties  under  which  the  municipal  technical  servlci 

is  laboring  have  been  well  summed  up  by  one  of  the  mem- 
bers of  the  committee  as  follows  "1  believe  thai  the  par 
ticular  disadvantages  of  municipal  public  service  to  the  engi- 
neering incumbents  are  the  uncertainty  of  tenure  of  office; 
the  control  of  the  eni  ng  force  by  those  who  are  not 

primarily  interested  In  engineering  accomplishment;  the  un- 
satisfactory compensation  and  uncertainty  as  to  advance- 
ment in  compensation  lack  of  recognition  of  the  value  of 
adequate  technical  training:  and  the  willingness  of  the  mu- 
nicipality to  accept  engineering  service  of  other  than  a  high 
order.  It  is  much  easier  to  state  the  troubles  than  their 
corrections." 

While  this  may  be  considered  as  a  phase  of  the  too  com- 
mon ineffectiveness  of  municipal  government,  yet  it  is  one 
in  which  some  improvement  may  be  secured. 

There  can  be  no  question  that  this  condition  of  the  tech- 
nical service  is  primarily  due  to  a  lack  of  understanding  on 
the  part  of  the  municipal  citizens  of  the  importance  of  the 
planning  and  execution  of  public  works  with  which  technical 
organizations  are  charged. 

The  remedy  seems  to  lie  in  a  better  acquaintance  of  the 
general  public  with  the  character  and  extent  of  such  work 
with  the  possibility  of  economy  under  able  administration, 
and  of  waste  and  even  disaster  in  the  hands  of  the  inexpert 
or  unfit. 

The  committee  feels  that  the  one  possible  means  of  im- 
proving the  situation  outlined  is  through  a  campaign  of  edu- 
cation, directed  primarily  to  the  general  public,  and  in  a 
lesser  degree  to  public  officials  and  to  the  technical  incum- 
bents  themselves. 

The  committee  feels  that  such  education  should  be  through 
publicity,  carried  out  simultaneously  through  national  and 
local  agencies.  Its  keynote  should  be  a  definite  statement 
that  a  high  class  of  engineering  service  is  necessary  for  the 
public  welfare  and  safety,  and  for  the  ultimate  economy  in 
the  execution  of  public  works 

The  committee  presents  the  following  specific  recommenda- 
tions: 

1.  That  the  American  Association  of  Engineers  undertake 
the  educational  work  outlined  above. 

2.  That  the  work  be  undertaken  in  a  spirit  of  service 
as  a  contribution  of  the  profession  toward  the  improvement 
of  public  affairs. 

::      That  there  1 stablished  in  the  association  an  agency 

to  supervise  the  educational  work  in  connection  with  munici- 
pal technical   at! 

4.  That  this  ogi  D  the  writing  by  qualilied 
engineers  of  national  reputation  of  popular  articles  on  mu 
nicipal  works  such  as  paving,  •  •  rage  and  sanitation,  water 
supply,  garbage  disposal  citj  lighting,  and  city  planning. 
That  the  association  secure  the  publication  of  these  articles 
to  the  best  advantage. 

5.  That  this  ageni  the  appointment  by  each  chap- 
ter of  a  representative  on  municipal  affairs  who  shall  arrange 
for  speakers  on  municipal  Improvements  before  civic  audi 
ences  such  as  clubs  and  church  associations  to  the  end  .", 
familiarizing  the  public  with  public  works,  and  who  shall 
arrange  for  articles  In  the  local  press  OD  such  matters  as 
may  be  before  the  publii    from  time  to  time 

- 
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The  Economics  of  Cross  Tie  Renewals 

Three  Methods  of  Calculating  Annua!  Cost  Dis- 
cussed  in   Paper  Presented  January  25th, 
at  Annual  Meeting  of  American  Wood 
Preservers  Association 
By    V.   K.    HENDRICKS. 
In  general    there   are   three    method  ;    [or    calcu- 

lating cross  tie  economies,  which  are,   in   tin    order  of  their 
simplicity : 

a.  Without  consideration  of  interest. 

b.  By  the  use  of  simple  interest. 

c.  By  the  use  of  compound  Interest. 

In  order  to  adopt  the  simplest  method  consistent   with  rea- 
sonably accurate  results,  we  should  determine  the  difference 


hut  that  the  method  (c)  of  calculating  tbi    relatlvi    economj 
of    various    ties,    using    compound    interest,    is    the    correct 
method,  hut  the  other  methods  have  their  advocates,  and  the 
claim   is  sometimes  made  that  a   simpler  method   will 
reasonably  reliable  results. 

This  compound  interest  formula  (method  c)  was  published 
by  .Mr.  B.  E.   Fernow,  Chief  of  the  Forestry    Di\ 

Department    of   Agriculture,    in    K Bulletin 

Nov.   1.  1S90,  and  the  following  quotation  from    tl 
'  i'      1)   is  of  interest: 

.  dismiss  ai  onci  ihunltj  wit ii  w<  n 

i  fl  Hr  "i. 'i  J  systen 

. in  und   interest.     There  can   bi     id 

hi    Interest,    which    in    discounting    long-8tandh 

iken  at  1 e  nteresl      But,  whlli 

tile   eh,. i I    Hi,,   rat 

Ing  is  to  be  calculated,  if  tin        istenci  iving 

no  matter  ol  what  amount — is  to  bi   i    tabl    hed,  thl    cho i  int. 

of  Interest    be<  omes   Irreli  van!     a     I.  n      i     we  use   i  hi 


f/irsr  a?sr  or  Tie  ,jy  track  -c  first  cost  or  tie  in  track  -c 
Plates  C  and    D— Annual    Renewal   Cost  of  Ties.   Without  Allowance      for  Salvage,  at  5»i>  and   6%   Interest    Rates, 

in  results  by  these  three  methods,  which  methods  are  repre-  in  all  rases  which  w.   .  hiii,i.,i.      Ami.  especially  in  the  case  oi  two 

sented  respectively  by  the  following  formulas:  tie  systems    th<    saving  which   the  one  of  longer  duration   brings, 

C  by    virtue   of    greater   safety    and    permanence    of    roadbed,    is    in- 

(a.)  A  =  —  calculable,  so  that  to  establish   its   superiority  financially   wc     need 

£  to  prove  only  that  ii  is  nol  more  expensive." 

A  — — +  CR  Comparison   of    Results  from   the   Three    Formulas.— Based 

_  (1  +  R)"  K  on  the  three  methods  given  above,  the  following  tabulation 

'  A  ~  a  +  R)°-i  shows  results  for  certain  ties  having  a  life  of  6,  12  and  18 

In  each  formula:      A  =  Annual  cost  per  tie.  years,  and  at  certain  assumed   total  costs  in  track: 
C  =  First  cost  of  tie  in  place 

R  =  Interest  rate.  , Annual  cost  per  tie 

N  =  Life  of  tie  in   years.  Average             No              Simple      Compound 

In  the  paper  on  "A  Method  for  Finding  the  Annual  Charge  case                 -sos?          ofUes,         in%e)st        ft'l^f        ',".",',', 

for  Ties,"  presented  before  this  association  in  January,  1915.  v"                in  track.        years.'           cents.           cents.               > 

by   Harrington   Emerson   and   T.   T.   Bower,   an  allowance   is  2    .'.'.'.'           I'm              12                Io!o              MA 

made  for  a  tax  rate  (assumed  at  1  per  cent  per  annum)   on  :!    •  •              3.00              18                l-m  m              4i!h 

the  value  of  the  tie.   but  there   is   no   uniformity   as   to   the  I   '''.;'                            [|                                  f'J              ||;| 

method  of  taxation  in  the  different  states,  and  it  is  probable  j;    -' 04S  '-  l7"r'  29!34  1  in 

the  kind  of  tie  used  would  frequently,  if  not  generally,  have  "    264^  ls  "  ,;?  -'  "" 

no  effect  on  the  taxes  assessed.     For  this  reason  the  tax  rate  These  coats   in  track  have  been  established  so  that  cases 

has  been  eliminated  from  their  formula  as  given  above  under  1.  2   and    3   show  the  same  annual  cost  without  considering 

(b),  and  it  is  not  included  in  either  of  the  other  two  formu-  interest  1  method  a);  cases  1,  4  and  5  show  the  same  annual 

las.     Formula    (c)    is  the   formula  adopted   by   the  American  cost  using  simple  interest  (method  b) ;  and  cases  1,  6  and  7 

Railway  Engineering  Association,  in  which  the  annual  charge  si„,\v     the     same    annual     cost    using    compound     interesl 

equals  the  sum  of  (1)  simple  interest  on  the  cost  of  original  (method  c). 
installation  and  (2)  the  amount,  which,  al   annual  compi 

interest,  will  provide  for  renewal  at  the  end  of  the  life  of  the  u  wlu  be  noted-  not  only  tllat  ""'  annual  cost  varie 

He,  without  allowance  for  anv  scrap  value  of  the  old  ties.     In  nally  by  the  three  methods,  but  also  that  in  cases  1,  6  and  7. 

the  case  of  steel  ties  a  scrap  value  should  be  provided   tor,  where   there   is  no   difference   in   economy   according   to   the 

but  there  is  generally  no  salvage  recovered  from  wood  ties.  compound  interest  method  c,  method   a    (no  interest)   shows 

This  formula  provides  for  the  annual  charge  to  be  made  at  the    ^'gner-cost    ties    progressively    more    economical,    while 

the  end  of  each  year.    In  order  to  provide  for  the  payments  to  method   b    (simple   interest)    shows   them    progressively    less 

be  made  at  the  beginning  of  each  year,  the  formula  would  be:  economical.     Such  a  result  would  he  wholly  misleading,  and 

(1  _(_  R)n  R  it;   is   therefore  evident  that  an  incorrect  method   cannot   be 

A  =  C substituted   for  a  correct  one   in   the   interest   of   simplicity, 

[(1  +  R)" 11(1  — PlI  without  risk  of  failure  in  some  cases,  to  adopt  the  tie, which 

This  is  merely  dividing  the  result  by  the  A.  R.  E.  A.  method  is  really  most  economical. 

by  one  plus  the  interest  rate,  and  since  either  formula  gives  Results   In   Actual   Practice.— Seeing  a  problem  clearly    in 

correct  relative  results  and  the  A.  R.  E.   A.   formula  is  sim-  all  its  details  is  a  very  great  aid  in  its  solution,  and  it  may 

pier,  its  use  is  recommended.  help   towards   a   clear   understanding   if   we    follow    out   the 

Compound    Interest    Formula. — There    can    be   no   question  results  of  these  seven  cases  in  actual  practice,  based  on  the 

(27) 
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assumption  thai  each  Individual  tie  lasts  exactlj  the  average 
life  assumed  In  eat  b 

Suppose  a  road  has  a  total  ol  L800, ties  In  track,  each 

which  lasts  just  si\  years,  and  thai  exactlj   on< 
cf  them  or  300,000   ties,  require   rem  wal   i  ■■•  rj    year      The 
annual  expenditures  would  then  be  as  follows: 


■ 

T  ■ 

Ties 

cost 

J1.20 

$3.60 

last  6 

last  Li 

>  ears 

1     .. 

0  1792.750 

1 

■ 

792.750 

■ 

11    ... 

12       .. 

11 

813  BOO 

720. 

18     .. 

39 

1.080.000 

23     ... 

•J4      .. 

25     ... 

..   360.000 

27      .. 

29 

..  360.000 

30     ... 

. .   3fi0.nno 

Ill 

..   3RO.000 

32     ... 

..   360. 000 

33     ... 

..   360.000 

This  tabulation  covers  a  period  of  36  years,  as  that  is  the 

number  of  years  that   will   complete  a  full   cycle,   and 

bring  all  seven  cases  back  to  the  point  where  there  will  again 

be  just  300.000  ties  per  year  to  be  renewed  for  six  consecutive 

years,  as  was  the  case  at  the  beginning  of  the  cycle. 

Relative  Economy  by  Annual  Charge  and  Compound  Inter- 
est Methods. — If  we  figure  the  "present  worth"  in  each  case, 
that  Is,  the  amount  of  money  which,  set  aside  at  the  begin- 
ning of  the  period  and  placed  at  annual  compound  interest 
(figured  at  6  per  cent  in  this  discussion),  would  furnish,  at 
the  beginning  of  each  year,  the  amount  required  to  take  care 
of  the  renewals  for  that  year  as  shown  in  the  preceding  tabu- 
lation for  the  entire  36-year  period,  and  compare  these 
amounts  with  the  uniform  equivalent  annual  charges  derived 
by  multiplying  the  annual  charges  per  tie  (as  previously  tab- 
ulated) by  the  total  number  of  ties  in  track  (1,SOO,000),  the 
results  are  as  follows: 


for  the 


Method  a 

360,000 


489.600 
528.120 


Present   worth 

of  actus 

of  renewals  foi 

a  36  w  u  pei  [od 

15,579,280 

6,644.604 

,'i.280 

1.145 

I  982,736 


439,272 


It  will  be  noted  that  the  relative  economy  as  determined  by 
the  annual  charge  method  c  agn  b  case  with  the  rel- 

ative economy  shown  h\  the  "present  worth"  column.  This 
comparison  is  not  gi.  en  compound  interest 

method   Is  correct,   for,  of  fact,  one   method   of 

deriving  the  formula  for  the  compound  interest  method  c  for 
figuring  annual  chi  Ing  the  present   worth  of 

the  tie  renewal  charges  equal  to  the  present  worth  of  the 
annual  charges,  and  solving  for  the  annual  charge.  It  is  a 
sell  "\  Id  thai 

Mi  case  l.  g  and  "•  cannot  have  the  ame  relative  econo 
my  as  Is  shown  by  method  a.  when  it  Is  possible  to  finance 

;  v.  lul.      il     ri 

tOT  I  '    lime; 

(2)     Cases   [,4  a 

la  shown  by  method  ii  when  case  5  can  be  Onam 
B,  a    compared  n  and 

cases  i,  r,  and  7,  i  cannot  be  progressively 

more  economical  as  shown  by  method  a    or  progri 


economical  as  shown  bj  thod  b,  bul  all  three  cases  must  be 

■  I  the  same  econon  n  by  method  c,  since  it  requires 

the  same  total  expenditurt  to  finance  each  case  for  a  36-year 
period, 

There  can  be  no  question  as  to  the  possibility  of  compound 

aterest,  and  unless  every  dollar  is  in  effect  worked  at 

compound  interest  it  is  DOl  doing  its  full  duty;  likewise,  any 

l«    tor   annual    chain         ■.inch    .Iocs   not   apply    compound 

interest  is  wrong  financially,  do  mattei  whether  it  is  in  con- 
aectlon  with  maintenanc with  construction. 

Capitalization  of  Excess  Cost  of  Tested  Ties.— It   is  unfor 
lj    true  thai   the  pi  Dting  rules  of  the  Inter- 

state Commerce  Commission  do  not  permit  the  capitalization 
ol  the  excess  cost  of  treated  ins  o\er  untreated  ties,  and 
this  fact  has  no  doubt  had  its  effect   In  preventing  the  use 

of  treated  tics  to  as  great  an  extent  as  they  would  be  used 
if  the  excess  cost  could  he  capitalized,  as  ii  should  be,  and  as 
the  commission  requires  in  the  case  of  increased  weight  of 
rails  and  other  items.  A  toad  will  naturally  hesitate  about 
swelling  its  maintenance  charges  for  some  six  or  eight  or 
more  years  before  the  benefit  of  the  excess  expenditure  will 
start  to  accrue — and  more  especially  so,  If  there  Is  a  possi- 
bility that  the  road  may  receive  DO  benefit  whatever  when 
the  economy  does  accrue  through  the  limit  established  by  the 
Transportation  Act  ol   I  unount  which  the  road  can 

disburse  in  dividends.  This  question  of  capitalizing  the  ex- 
cess cost  of  treated  ties  is  a  question  of  real  Importance 
to  the  American  Wood  Preservers'  Association,  and  one  which 
this  association  might  well  take  up  with  the  Interstate  Com 
merce  Commission  in  order  that  this  industry  may  be  given 
fair  treatment  hereafter  However,  this  is  a  question  of 
method  of  accounting,  and.  while  the  method  of  accounting 
might  make  it  expedient  for  a  railroad  to  continue  the  use 
of  a  less  economical  tie  In  some  cases,  it  would  not  affect 
the  actual  relative  economy  of  the  ties;  the  Government 
would  reap  the  benefit  of  the  installation  of  the  more  eco- 
nomical ties  instead  of  the  railroad  in  such  cases. 

Excess  Cost  of  More  Economical  Tie  Must  Be  Figured  at 
Compound  Interest.  Neither  this  accounting  method,  nor  the 
fact  that  "interest  charges  are  not  properly  considered  an 
element  of  maintenance  costs  in  actual  present  day  account- 
ing," can  warrant  the  no-interest  method  a  of  figuring  econ- 
omies, nor  do  the  reasons  given  in  the  paper  presented  to 
this  association  in  1915  by  Messrs.  Emerson  and  Bower,  jus- 
tify the  simple  interest  method  b  Instead  of  compound  In- 
terest. This  latter  paper  states  that  the  irregularities  in  the 
life  of  ties  vitiates  any  compound  interest  plan.  To  a  certain 
extent  this  is  true,  but  when  we  compare  one  kind  of  tie  with 
another  to  find  their  relative  economy,  both  kinds  of  ties  will 
be  subject  to  approximately  the  same  irregularities,  If  of 
wood,  and  any  actual  error  due  to  this  cause  will  be  prac- 
tically eliminated  relatively.  The  excess  cost  of  a  more  eco- 
nomical tie  over  another  tie  must  be  figured  at  compound 
interest  or  else  the  money  is  not  being  made  full  use  of,  and 
if  the  excess  cost  is  compounded,  it  will  give  the  same  result 
as  though  the  total  cost  of  both  ties  had  been  figured  at 
compound    interest   originally. 

In  this  discussion  the  costs  of  ties,  life  of  ties,  and  Interest 
rates  have  been  assumed  arbitrarily  merely  for  the  purpose  of 
illustration.  In  adopting  a  compound  interest  rate  the  follow- 
ing quotation  from  Mr.  B,  E.  Fernow  (who  calculate:!  his 
table  of  annual  charges  on  a  5  per  cent  basis)  in  Forestry 
Division  Bulletin  4,  should  be  borne  in  mind: 

"If    a    lower   rate    ol  Iculatlng    the    annual 

b     sure,  fall  out   low  •  i     bul    I  he  amounts  "i   Ba> 
,..,,,      sm  that  i:  maj   bi   assumed  n      ible  calculated 

upon  a  ii\.    pet   cent  basis  iral  re,  practical!} 

.i nnii.  able  results." 

Relative  Economy  of  Various  Ties.  In  January,  1920,  the 
Committee  on  Ties,  American  Kail  way  Engineering  Associa- 
tion, made  a  report  on  "The  Relative  Merita  of  Metal  versus 
Wooden  'Pies,"  to  the  American  Railroad  Association. 
Through  the  courtesy  of  the  American  Railway  Engineering 
ation,  plates  (',  D,  E  and  P  from  that  report,  are  re 
produced  herewith. 

Plates  C  and  D  show  the  annual  renewal  cost  of  ties  (an- 
nual charges)  without  allowance  for  any  salvage  at  interest 
rates  of  5  per  cent  and  6  per  cent,  reapectlvelj  (compounded 
annuall]  I. 

Platea  K  and  F,  at  5  per  cent  and  6  per  cent,  respectively, 
show  annual  costs  allowing  for  Bcrap  value  of  the  tie 


Engineering  and  Contracting   for  February   15,   in.'. 


151 


By  the  use  of  these  diagrams  the  true  relative  economy  can 
b?  determined  at  once. 

The  annual  renewal  costs  determined  by   this   I  bod  are 

of  value  only  for  determining  the  relative  economy  of  various 
ties.  A  railroad  management,  however,  would  require  some 
estimate  forecasting  its  actual  annual  renewal  expenses,  in 
order  to  determine  the  feasibility  of  increasing  its  tie  charges 
and  to  make  suitable  provision  for  financing  the  change,  \ 
tabulation  showing  annual  expenditures  each  year,  bui 
is  given  in  this  discussion,  is  probably  best  and  would  give 
an  approximate  idea  ot  the  trend  of  future  expenses,  but  the 
irregularity  in  the  life  of  ties  makes  it  very  unreliable  for 
long  periods.  A  closer  approximation  could  be  worked  out  by 
making  use  of  the  data  given  in  the  paper  by  Mabel  E.  Thorne, 
published  in  the  191S  proceedings  of  this  association,  showing 


Interest  lias  been  included  I  as  might  be  considered 

as  really  a  part  of  the  cost  of  the  tie,  as  all  subsequent  in 
teres)  is  taken  care  of  in  the  formula  for  annual  charges. 

There  may  be  special  cases  where  other  items  should  be 
Included  in  the  original  cost  in  track,  or  where  some  modifi- 
cation ot  the  preceding  list  will  be  necessary,  but  this  list  is 
believed  to  meet  the  requirements  in  almost  all  cases. 

There  would  be  a  scrap  value  for  tie  plates  in  all  cases 
wlnic  they  are  used,  but  that  value  would  not  materialize  for 
a  number  of  years,  and  at  that  time  the  prices  for  scrap  might 
be  materially  different  from  current  prices.  It  would  be  on 
the  side  of  conservatism  to  disregard  such  scrap  value,  and 
not  use  the  tie  plates  unless  their  use  is  justified  without  it. 
It  would,  however,  hardly  be  proper  to  disregard  such  a  large 
item  as  the  scrap  value  on  steel  ties,  but  a  conservative  price 


Plates  E 


cosr  or  ti£  w  rmen 

(P*rsr    Coif  C  ****rw  »>*nm    ,m    no   So/**?*) 
(Nee  Comt   C  *»*r»  /Ars*   '*   Sa/'oea  J 

nual  Renewal  Cost  of  Ties.  Allowing  for  Salvage,    With    Interest    Rates   at   5%   and   6%. 


the  "Relation  Between  Average  Life  of  Ties  and  Percentage 
of  Renewals."  However,  this  would  require  a  considerable 
amount  of  calculation  which  would  hardly  be  justified  by  the 
results  obtained  for  this  purpose. 

Factors  to  Be  Considered  in  Determining  First  Cost  of  Tie 
in  Place. — In  determining  the  relative  economy  of  various 
kinds  of  ties,  all  items  entering  into  the  costs  of  the  ties  in 
track  should  be  included  in  the  "First  cost  of  tie  in  place,"  as 
follows : 

1.  Purchase  price  of  ties,  f.  o.  b.  cars. 

2.  Inspection  (of  ties  and  treatment)  and  handling  charges, 
including  distribution  of  ties. 

3.  Work  train  charges  or  estimated  cost  of  transporting 
over  company  lines  (both  to  and  from  the  treating  plant  in 
the  case  of  treated  ties). 

4.  Freight  charges  over  foreign  lines,  and  switching 
charges. 

5.  Interest  on  the  cost  of  ties  during  the  period  they  are 
held  for  seasoning,  providing  this  is  not  included  in  the  pur- 
chase price. 

6.  Interest  on  investment  in  any  real  er.tate,  plant,  tracks, 
or  other  facilities  required  for  procuring,  seasoning,  or  treat 
ing  the  ties,  when  not  included  in  the  purchase  price,  and  also 
maintenance  of  such  property. 

7.  Cost  of  adzing  and  boring  before  treatment,  and  any- 
similar  expenses  not  included  in  the  cost  of  treatment. 

S.    Cost  of  treatment. 

9.  Cost  of  the  plates.  We  have  no  authentic  information 
as  to  the  life  of  tie  plates,  but  if  we  assume  the  life  the  same 
as  the  life  of  a  treated  tie,  then  for  a  tie  having  only  half  that 
life  we  should  include  only  half  the  cost  of  tie  plates,  and 
for  other  lives  in  proportion. 

10.  Cost  of  spikes.  In  comparing  wooden  ties  with  wooden 
ties,  however,  the  cost  of  spikes  will  be  the  same  and  that 
cost  could  be  omitted  without  material  error;  in  comparing 
wooden  with  metal  ties,  the  spikes  must  be  included  to  cor- 
respond with  the  metal  tie  fastenings. 

11.  Cost  of  placing  ties  in  track. 

The  item  of  "Supervision"  has  been  omitted  from  this  list 
intentionally,  as,  aside  from  the  direct  charges  for  inspection 
(which  are  included),  the  supervision  is  a  small  item  and  will 
be  practically  the  same  for  all  ties  in  most  cases.     Only  such 


for  scrap  should  be  used  for  such  ties  in  order  to  make  sure 
that  the  full  estimated  saving  will  materialize  by  their  use. 


Cost  Data  on  a  Quarry  Blast 

The  following  detailed  cost  data  was  obtained  at  the  blast 
made  at  the  quarry  of  the  Trumbower  Company,  Nazareth, 
Pennsylvania. 

The  holes  were  drilled  with  well  drills.  Loading  started 
at  9:00  o'clock  in  the  morning  and  the  blast  was  fired  at 
4:30  the  same  afternoon.  Hercules  low  freezing  extra  dyna- 
mite and  electric  blasting  caps  connected  in  parallel  were 
used. 

Due  to  the  dip  of  the  rock  strata,  loading  the  holes  was 
not  easy  and  considerable  care  was  necessary  in  getting 
the  explosive  to  the  bottom  of  the  holes. 

FIGURES  COVERING   BLAST  AT  THE  TRUMBOWER  COM- 
PANY'S  QUARRT 
Dists  I  ci 
Distance     Between 

from  Face.     Holes. 


Hole  No. 

Hole  No. 

Hole  No. 

Hole  No. 

Hole  No. 

Hole  No. 


Ft. 
.   12 


12 


Ft. 
14 


11 


\  ulurae  of  ftock 

1  lepth 

Blasted. 

Ft. 

in.  Yd. 

50 

311 

60 

373 

65 

510 

65 

510 

70 

558 

70 

558 

Total    2.820   (7,050  tons) 

I  'ost  of  Powder — 

900   lb.   60«?c   Hercules    U    V.    "Extra"    @    sir»25  =  $173.25 

1.500  lb.  407r    Hercules   l-    F     "Extra'      5      i^-7.r.   =     251.25 

600  lb.   30%   Hercules    L.    P    "Exti  K  =      94.50 

3.000  lb.  1519.00 

■ 'ost   of.   drilling   380   ft. 
i 'ost  of  blasting  supplle 

3— No.  G  40-ft.  E    B    Caps 

6— No.  s  80-f(     i.    B    Caps 

Connecting  wive    


r  foot 


Total    $999.3 

Estimated   tonnage — 7.050  tons. 

■  '..si   per  ton     -"ill?   (including  drilling  and  blasting). 


Ontario  Conference  on  Road  Construction. — The  8th  annual 
conference  for  county  road  superintendents  and  engineers  of 
the  Province  of  Ontario,  Canada,  will  be  held  in  the  Parlia- 
ment Buildings,  Toronto,  Ont,  Feb.  27  and  28,  under  the 
auspices  of  the  Ontario  Department  of  Public  Highways. 
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Welding    Frogs    and    Crossings    with 
Manganese  Steel 

Qualities  and   Methods  of  Use  in  Welding  Opera- 
tions Discussed  in   Paper   Read   Before 
American  Welding  Society, 
Chicago 
Bj     II     R     PENNINGTON, 

ctually  made,  manganesi    steel  contains  about   12  per 
rent  of  manganese  and  l1,  per  cent  ol  carbon     The  pn 
ol   i'-  per  cenl  of  manganese  makes    steel  relativelj    brittle 
ami  a  further  addition  at   Brsl   Increa  e     this  brlttleness,  so 
that  Bteel  containing  between  5  and  enl  can  be  pul 

i  under  the  hammer  \  still  further  increase,  how- 
ever, gives  it  great  ductility,  accompanied  by  great  "tough 
B88" — a  combination  of  properties  which  was  not  pos- 
sessed by  any  other  known  substance  when  tins  remarkable 
alloy,  known  as  Hadlleld's  manganese  steel,  was  discovered. 
it's  "tough  hardness,"  to  which  it  owes  its  value,  is  pro- 
foundly affected  by  the  rate  of  cooling.  Sudden  cooling 
make.-  the  metal  extremely  hard  and  ductile;  slow  cooling 
makes  it  brittle.  Us  behavior  in  this  respect  is  thus  opposite 
to  that  of  carbon  steel  High  manganese  steel  is  used  exten- 
slvely  for  objects  which  require  both  hardness  and  ductility, 
its  remarkable  toughness,  resistance  to  shock  and  abrasive 
action  make  it  ideal  for  rock-crushing  machinery,  railwaj 
crossings,  mine  car  wheels,  tractor  parts,  etc.  As  no  process 
softens  manganese  steel  it  must  be  cut  to  shape  with  emery 
wheels  instead  of  the  usual  steel  cutting  tools.  It  may  also 
be   cut  with   the  oxy-acetylene   torch. 

The  extreme  brittleness  noticeable  with  steel  containing 
manganese  between  4  per  cent  and  5%  per  cent  disappears 
in   steel  exceeding  about  7%   per  cent   manganese. 

a  non-magnetic  characteristic  is  noticeable  around  8  per 
cent  manganese,  and  at  12  per  cent  manganese  it  is  prac- 
tically non-magnetic.  As  it  is  extremely  difficult  to  cold- 
work  manganese  steel,  manganese  wire  is  drawn  only  by 
very   special  methods. 

Manganese    steel    is    a    very    poor    conductor    of    heat,    it 
having  a  relative  conductivity   of  only  2.31    (copper  100  per 
or   ;:,   michrons  per  cu.   centimeter  at   15   degrees   C. 
This  is  about  one-seventh  the  conductivity  of  iron  wire. 

Qualities  of  Manganese  Steel.— Chemically  the  usual  cast 
manganese  steel  has  about  the  following  composition: 

_     .  Per  cent. 

i    1.25 

0.30 

Manganese    i       .> 

Sulpher,   less  than    0.02 

Phosphorus     

The  average  of  a  number  of  physical  tests  of  cast  man- 
ganese steel  of  the  above  analysis,  show  the  following 
results: 

II..       Elastic   Limit —       Eli  Red  iction   ol 

in  2  in.  area  i 

38.56 

By  the  Brinell  test,  manganese  steel  toughened  or  un 
toughened,  shows  the  moderate  average  hardness  number 
of  about  200.  The  extreme  outer  surface  of  the  treated 
steel  shows  a  slightly  lower  number— that  at  a  depth  of 
about  %  in.,  from  which  point  the  number  remains  constant. 
Thi-  lowering  of  the  hardness  number  at  the  urface  is  due 
to  the  oxidation  of  tin-  carbon  (luring  the  heat  treatment 

The  chemical  composition  and  physical  properties  of  the 
manganese  rods  and  wire  used   for   welding  are  as  follows: 

nlcal — 

Manganese    11        toll       percent 

n     1.00  to     1.30  percent 

. .  0.10  t 

•>rus   .  hi.;,  i :i  percent 

Sulphur    per  cent 

■  .1 — 

Ultlm.-.tc    tenxll    strength    I    .000  lbs 

limit    000  lbs. 

itlon     0   lent 

100,000  I..  110,000  lbs. 

i  '.I'l   Iirawn  Wire — 

Test   on    H-ln.   drawn    I  eel    win        wire   not   heat 

u~  ited  after  last   draw. 

t'ltlmnto  tensile  strength  per  sq.  In 193, lb. 

Rlastlc  limit  per  sq.  in 135, II.    (70  per  cent) 

Elongation     In  8-ln. 

Turns     

Torsions    ....  15 


i  beneficial    effect     of    the    cold    working    incidental     !.■ 

drawing  to  wire  form  is  verj  marked,  particularly  the  tensilt 

el     1 1.    limit      in  the  same  way   it   is  belie\  ed 

the   metal   added    bj    weldlni    to  ■>   crossing  or  frog  is 

Improved  in  the  early  period  of  service,  due  to  the  con 

rolling  effect  of  the  pa     Ing   traffic 

'I'lie    follow  no--    '-  pen  ••in..!:.'    i. 

carbon  ami  manganese  foi    a   Wanamakei   Coated   Electrodi 
No.  :i  when  fused  by  tin-  metallic  arc  process  ami  depo 

ti     l    rail: 

0.99 

Sulphur 0.0 

Phosphorus    0.043  p. 

nese    10.51     pi 

i   in. i.i.    in. in    ibovi 

"     0.71 

II     .  0.018  pi 

ii  061    pi 
10  | 

The  following  tests  were  made  to  show  the  effect  of 
polarity  and  the  Influence  of  the  base  metal  on  the  compo- 
sition oi    the  deposit,  tin-  deposit  being  made  on  a  piece  of 

mild    steel    Vin.    boiler    plate. 

le  i:i.  ■ 

Wire  Poa 

i 
u   ion    

VII 

:  i  isphorus     0  034 

\   greater  loss  of  manganese  is  .shown   by   the  deposit   Ol 
the    mild   steel   plate    over   that    obtained    on   a   carbon    Bteel 
rail.      Concerning   tie     effect   of    polarity,   a   greater    loi 
carbon   is   shown   when    using   electrode    negative   than    thai 
obtained  with  the  electrode  positive.     The  usual   pract  [i 

to    use    an    electrode-positive    polarity    for    mang. 

trode  material. 

In  the  cast  state,  manganese  steel  is  composed  principally 
of  austenlte  and  free  cementite,  austenite  being  a  solution 
ni  iron,  manganese  and  the  carbide  of  iron  and  manganese. 
while  free  cementiti  is  composed  of  the  carbides  of  iron  and 
manganese  which  remain  undissolved.  Free  cemem 
hard  and  brittle,  therefore  manganese  steel  is  also  Iniitl. 
in  the  untreated  cast  condition.  When,  however,  it  is  water 
toughened,  the  free  cementite  is  dissolved  and  the  cast  man- 
ganese becomes  austenite.  which  is  ductile.  In  the  process 
of  toughening  it  is  queni  bed  from  1,800  deg.  P.  in  cold  water 

Quenching    Temperature. — The    proper    temperature     from 

which  arc  deposited  manganese  steel  should  be  quenched 
is  a  point  which  has  been  questioned  by  some  iiiv.su 
Some  tests  have  shown  a  falling  off  in  tensile  propertic-  and 
elongation  on  quenching  from  a  temperature  in  ex. 
1800°  F.  The  following  tests  made  on  %-in.  diameter  round 
bars  heated  to  the  temperature  given  for  one  hour,  and 
quenched  in  water,  tends  to  confirm  this  belief.  The  dura 
tion  of  heating,  however,  has  almost  as  important  an  effect 
as  the  temperature  itself. 


ed  one  hour 

at  ion, 

Breaking  sua 

at 

per  ci  nl 

lbs.  per  sq.   in 

800    P. 

i.   . 

138.400 

1110     I-' 

::."..: 

Another  test    mail,     mi   the   same  material   by   heatin- 
pieces  to  the  temperature  shown  for  only  five  mim 
a    considerable  less  lowering  of  the  tensile  and   eloii^ 
properties,  as  indicated   below: 

ii.  ated    ii  ■    .-'  i  Elong 

.,,  ,  .  mi  lbs.   per  sq.   In 

1800"  F.  142,450 

2066°  F.  34.4  124,780 

In  this  case,  the  higher  temperature  did  not  effect  the 
elongation  and  tensile  strength  nearly  as  much  as  when 
bi  ill  at  the  higher  temperature  for  a  period  at  one  hour. 
The  short  time  at  the  maximum  temperature  apparentlj  did 
not  give  the  steel  quite  enough  time  to  come  fully  to  equilib- 
rium. In  consequence,  the  structure  of  the  test  bai 
not  greatly  altered  from  that  which  existed  prior  to  tin'  beat 
treatment.      All    test    hai  ben    quenched    from    the   In 

rolling    ihowed  'he  following  properties,  without  furthe 

treatment 

Elongation  Breaking  strain. 

per  .  <  lb      i"  i     'i-  In. 

In  the  process  of  welding,  the  time  period  for  the  heating 
;.,,,!  cooling  cycle  le  ■<  matter  of  seconds  due  to  intermittent 

In,      ..I    parent    metal    with   cold   water.      For   this    n 

physical    properties   of  the  arc   fused    metal,   although 

COOled    from    the    melting    point    2,462°    F.    to   2,.r>07°    F.,    would  j 
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not    bo    injured    In    any   way    comparable   to   that    where   the 
metal  has  been   heated  for  a  comparatively  long  period. 

The  Bame  lowering  of  tensile  strength  and  elongation  is 
shown  when  manganese  steel  is  drawn  or  quenched  from 
some  lower  temperature  points  than  the  established  prac- 
tice 1,800"  F.  and  when  the  usual  method  of  heating  is 
employed.  In  the  case  of  arc  welding,  however,  the  metal 
adjacent  to  the  arc  deposited  metal  cooled  from  these  lower 
temperatur.  -  is  nol  thought  to  be  Injured  for  the  Bame 
reason    as    in    the    case    of    cooling    from  high 

eratures,   1    e.,   the   rapid   heating   and   cooling   incidental 


Welded   Manganese  Steel  Frog    Before  Grinding, 
to  arc  welding,  would  not  give  ample  time  for  normal  struc- 
tural changes  to  occur. 

Metallic  Arc  Welding  of  Manganese  Steel. — So  far  as 
known,  the  commercial  welding'  of  manganese  steel  up  to 
the  present  time,  was  accomplished  only  by  the  metallic 
arc  process  with  coated  manganese  electrode  material  and 
by  water  toughening  the  added  metal,  the  metallic  arc  form 
of  autogenous  welding  being  particularly  adapted  to  the 
welding  of  metal  of  this  character,  since  it  is  about  the  only 
form  of  autogenous  welding  which  permits,  without  difficulty, 
the   water  toughening   treatment   of  the  added   metal. 

The  normal  water  toughening  treatment  amounts  to  rais- 
ing the  temperature  of  the  metal  until  the  desired  structure 
is  produced,  and  fixing  it  at  that  point  by  an  increase  of 
the  normal  cooling  rate.  Likewise,  in  the  case  of  welding 
manganese,  the  metal  heated  to  a  high  temperature  by  the 
welding  operation,  is  suddenly  cooled  from  a  temperature  as 
near  equal  to  that  for  the  desired  structure  as  is  possible. 

Electrode  Material. — The  use  of  a  protective  coating  of 
the  proper  character  on  the  electrode  material  is  necessary 
to  prevent  vaporization  of  the  manganese  and  carbon  con- 
stituents due  to  combustion,  supported  by  the  oxygen  of  the 
atmosphere.  The  function  of  the  coating  is  to  envelope  the 
metal  in  fusion  with  a  thin  slag  film,  confine  the  arc  gases 
and  exclude  to  a  great  extent  the  atmospheric  gases. 

The  coated  manganese  steel  electrode  material  is  furnished 
in  the  following  standard  sizes: 

Diameter.  Dengtti. 

H-in.  drawn    14  in. 

5/32-in.    drawn     14  in. 

3/16-in.     rolled     14  in. 

tt-ln.    rolled     14  in. 

The  size  most  generally  used  for  track  work  is  3/16-in. 

and  %-in.  The  3/16-in.  size  seems  better  adapted  for  gen- 
eral work,  especially  where  200  square  ampere  welding  units 
are  used. 

The  approximate  arc  current  and  voltage  values  for  man- 
ganese electrode  material  are  as  follows: 

Approx.  Approx. 

Diameter                                              Current  Voltage 
Electrode.                                             Arc. 

%-in 100-120  20-25 

5/32-in IE 

3/16-in 17  25-30 

Vl-in 225-275  25-30 

The  arc  length  should  be  maintained  as  short  as  consistent 
for  a  uniform  flow  of  metal  about  3/16  in.  If  with  this  arc 
length  the  metal  does  not  flow  smoothly,  it  is  likely  that 
the  arc  current  value  is  too  low. 

Polarity. — In  practice  it  is  found  that  an  electrode-positive 
^polarity  gives  a  better  welding  characteristic  and   that  the 
loss    of    carbon    and    manganese    is    less'.      For    this    reason, 
(where  direct  current  is  used  the  electrode  is  made  the  posi- 
tive and  the  work  piece  the  negative. 


Arc  Manipulation. — When  welding  with  manganese  steel 
on  either  manganese  or  high  carbon  steel,  It  is  found  ad- 
visable to  form  a  rather  wide  deposit  by  a  slight  oscillation 
of  the  electrode,  to  give  a  deposit  approximately  double  the 
width  of  that  obtained  by  drawing  the  electrode  along  a 
straight  line.  By  this  manipulation  the  deposited  metal  is 
kept  in  a  molten  condition   tor  longer  period,  al- 

lowing time  for  the  escape  of  any  gas  which  may  be  in- 
cluded in  the  deposit,  and  thus  preventing  the  formation  of 
blow  holes. 

Water  Toughening. — To  prevent  thi  ■  i   g   brittle 

structure,  the  work  piece,  including  the  weld  area,  is  kept 
cool  by  quenching  with  cold  water  immediately  after  each 
electrode  is  used  and  more  often  on  light  sections  where 
the  part  tends  to  become  too  hot,  or  al  any  time  the  welding 
is  interrupted.  The  result  to  be  accomplished  is  to  keep 
the  work  piece  cool  enough  to  exercise  constantly  a  quench- 
ing action  on  the  deposited  metal.  Unless  the  cooling  bj 
water  is  frequent,  the  rate  of  cooling  will  be  variable  with 

corresponding  difference  in  physical  character  of  the  added 
.  tetal 

In  track  work  the  cooling  is  accomplished  by  directing  a 
small  stream  of  water  directly  on  the  previously  deposited 
metal  until  the  heat  retained  in  the  part  will  just  dry  or 
vaporize  the  water.  Before  the  welding  is  again  continued 
the  surface  where  the  arc  is  to  be  established  must  be  dry, 
otherwise  difficulty  will  be  experienced  in  establishing  the 
arc.  It  is  desirable  to  wipe  the  surface  dry  with  a  piece  of 
waste   when  necessary  before  starting  the  arc. 

Welding  Procedure. — When  building  up  track  parts,  such 
as  frogs  and  crossings,  it  is  advisable  to  apply  each  deposit 
diagonally  to  the  direction  of  the  traffic,  and  terminate  the 
weld  on  a  bias,  the  point  of  the  bias  being  on  the  flange  side 
of  rail,  as  shown  by  the  accompanying  sketch.  This  pro- 
cedure is  thought  to  be  the  best  practice,  in  order  to  min- 
imize the  effect  of  contraction  and  possible  structural  dis- 
turbance on  the  parent  metal  from  the  heat  of  the  welding 
operation. 

To  avoid  roughness  or  overrunning  of  the  added  metal  at 
the  flange  side  of  the  rail  and  on  both  sides  of  points,  a 
piece  of  fire  brick  or  carbon  block  should  be  set  in  the  flange 
groove  so  as  to  project  up  and  form  a  wall  for  the  added 
metal  to  flow  against.  The  use  of  fire  brick  or  carbon  blocks 
for  making  forms  at  the  extreme  points  and  edges  will 
greatly  facilitate  the  welding  and  result  in  better  and  more 
uniform  work. 

Where  welding  is  done  out  in  the  open,  a  small  shield  8 
or  10  in.  high  should   be  set   up  to  shield  the  arc  from  the 


Diagram  of  Special  Crossing   Layout. 

eyes  of  observers  and  from  air  drafts,  especially  on  windy 
days.  Unless  the  arc  is  protected  from  air  drafts  welding 
will  be  very  difficult,  and  an  unnecessary  loss  of  carbon 
and  manganese  will  result. 

Finishing. — If  desired,  the  weld  may  be  finished  by  grinding 
to  allow  a  smooth  approach  for  the  wheel  and  prevent  im- 
pact at  the  junction  of  the  weld.  However,  if  pains  are 
taken  by  the  operator  to  make  as  smooth  a  weld  as  possible, 
grinding  is  not  considered  absolutely  necessary.  The  natural 
flowing    characteristic    of   manganese    steel    will   in    a    short 
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time  r.  miIi  In  thi-  «  'ii     The  operator 

should  not  only  endeavor  lo  maki  Id,  but  should 

.t  tho  top  ''i  th<    'A.i.i  is  level  « it ti 

k  work,  being  •  ireful  to  avoid  sharp 

humps  or 

Tho  records  of  a  number  ol  which  have  been 

made,    in   both   steam    •  I    reilwaj 

...  a  little  doubt  aa  b 

i  basis,  the 
ich  as 
to  insuro  th,.  permanency  of  th< 


Mine  Timbers  Drilled  by  Portable  Air  Drill 

By  rigging  up  a  portable  air  drill  to  form  a  small  drill 

pnss   considerable   time  and  labor   was   Baved   at   a   large 

Montana  mine  In  drilling  mine  Umbers     The  method  is  de 

d    in   the   January   Compi  Ine 

Now  construction  work  Involved  the  drilling  of  about  1,000 

4  in    by  ?  in    guides   for  s  guide  having  ten 


Arrangement    of    Air    Drill    for    Drilling     Mine    Timbers. 

holes.    The  chief  mechanic  and  carpenter  loss  rigged  up  a 

Little  David  air  drill  as  shown  in  the  illustration.  Conning 
a  simple  but  convenient  drill  press.  On  this  outfit  tho  re- 
quired l.  trilled  at  a  large  saving. 

The  are  drilled  in  each  guide  with  a  Jennings 

•  sunk    1  it.    the    Vin.   portion    going    through    4    in.    of 
wood  and  the  1%-ln.  follower  boring  I1-.'  in     Oregon  ' 

though    oak    timbers    were   drilled    with    al- 

This   home  made  drill    ,  i  .1  around  a  great 

many   small   mines,   on   similar   jobs,    the   entire    outfit    being 


High   Power  Electric  Line  Placed   in   Service  in   Sweden. 

The  I  ■  line  designed   to 

through  the  I  pom   north  to  south   has 

mpleted  and   is  now   in   operation.     The   section 

ProUhaettan  Falls. 

one  of  Sweden's 

lant    manufi  it     coal     about 

:  !ral  Sweden 

to  provM 

Me    Sweden 
I   to  run  Its  trains  with  • 

plants  of  the  country. 


French   Experimenting  with   Motors  for  Branch    Railways. 

mbusUon    i 

i   lines  in   K- 
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New  Cost  Plus  Contracts 

Tentative  Drafts  of  Cost   Plus  Fee  and  Cost   Plus 
Fee  with  Penalty  and   Bonus  Forms 
tn-work  between  contractors,  architects,  engineers  and 

owners   is   the   object    ol   B    •■"  »    COSt-plUB   contract    which    has 

been  drafted  by  the  Resean  b  Division  of  the  Associated  Gen- 
eral Contractors  under  the  direction  of  the  Committee  on  Con- 
n-act-. This  type  of  contract  la  nol  advocated  by  the  Asso- 
clatlon  to  the  exclusion  oi  lump-sum  agreements;  but,  for  the 
benefit  of  contractors  and  owners  who  do  not  desire  to  op- 

under    the    latter    typ<      B    new     form    of    cost  plusafee 

sen  drawn  up     Since  the  award  of  a  coat-plus 

contract,  by  reason  ol  t!  tvhich  it  implies,  is  based 

upon  confidence  in  the  COl  ictor's  skill,  integrity  and  respon- 
sibility, no  attempt  h.,  ;.  made  to  produce  a  "legally  tm- 
ble"  ilociinii  n  ought  In  making  the  ten 
tattve  draft  was  a  de  U(  statement  of  principles  which 
shall  permit  the  conti  or  to  exercise  freely  his  skill  and 
judgment  In  construction  a, irk  and  yet  vivo  the  owner  quick 

and   easy   relief  should    thi    contractor   fail   to  fulfill   his   trust. 

making  a  final  draft  of  the  contract  the  Committee  on 

it ii  is m    from   contractors  con- 

cerning  any  question  arising  from  the  principles  expressed. 

All   changes,   omissions   or   additions   suggested   will    be   given 

careful  consideration  Ing  the  agreement     The  first 

tentative  draft  is  reprint)  d  Vi  low  from  The  Constructor,  the 
official  publication  of  tl  d  General  Contractors: 

Cost   Plus  Fixed   Fee 

PIUS  AGREEMENT    made  the  day  of  

in     the     Mar    Nineteen    Hundred   and    by   and 

between  

i  Name  of  firm.) 
bereinaftei  called  the  CONTRACTOR,  and  

(Name  of  owner.) 
hereinafter  called  the  ow  nkk 

WITNESSETH,  that  In  consideration  of  the  compensation 
hereinafter  specified,  the  Contractor  and  the  Owner  agree  as 
follow  s : 

1.  Scope  of  the  Work.  This  agreement  shall  provide  for 
the  construction  and  proper  completion  of  

it  ion   of   project.) 
m  tun  accordance  with  the  existing  plana  and  specifications  ol 

(Name  of  Architect  or  Engineer.) 
and    any    subsequent    plans    and    written    instructions    which 
shall  he  within  the  original  intent  ol  the  existing  plans  and 
specifications, 

2.  Obligations  of  the  Contractor.  The  Contractor  shall 
exercise,  lor  the  0  .tit.  his  best  knowledge  and 
skill  in  planning  the  work,  purchasing  materials,  furnishing 
labor,  supplying  equipment  and  performing  all  other  SI 
incident  to  the  work  He  shall  cooperate  fully  with  the 
Owner  ami  the  Architect  or  Engineer  and  faithfulh 

the  intent  of  this  Bgrei  snout. 

3.  Obligations  of  the  Owner,  (a)  As  full  payment  for 
the  services  rendered  bj  the  Contractor  in  executing  the 
work,  the  Owner  shall   paj    the  Contractor  a   Service  Fee  as 

specified    in    Article   .'• 

thi     The  Owner  ahal    paj   the  Cost  ol  the  Work  as  speci- 

tied   in   Article  t'. 

For   the   use   el    equipment    Uji     ohiht   shall    pay   the 
Contractor    an    Equipment    Rental    charge    as    specified 
Articli 

id  l      For   the   u  and   appurtenances 

furnished   by   the   Contractor,   the   Owner  shall   pay   thi 
a  Tool  Chai 

4.  Status  of  the  Architect  or  Engineer.  -The  Archit.  .  t  Of 
engineer  shall  prepare  all  plane  ami  specifications  needed  to 

ite  properl]  the  quality,  quantity  and  dimensions  of 
tin  work,  except  such  working  drawings  as  he  ma)  direct 
the  Contractor  to  suppl]  He  shall  co-operate  fully  with  the 
Contractor  in  executing  the  work  and  his  decision  on  the 
intent  of  the  plans  and  specifications  shall  be  final.  It  is 
his  dut>  to  Inspect  the  work  and  ho  -hall  use  his  ofll 
..  .    tb.it   tin    owner  shall   receive  full   value  for  moni 


tie 


Engineering    md  Contracting   •■■<    February   i~>.   192 


\y- 


that    the   Contractor   shall    receive   full      constitute   the    Owner's   approval  emtttare.     Tb>- 

CompenMUBn  for  bis  work.  ■  r  shall  have  the  right  to  make  any  expenditure  directlv. 

5.     The  Service   Fee.-   1  Fee  shall  be  $....  01   to  arrange  for  pure!  my  dealer. 


and  shall  include  and  cover  payment  for  the  following: 
ui     The  Contractor's  Profit; 

(b)  The  professional  -  the  Contractor,  his  execu- 
tive officers  and  members  of  bis  firm; 

(c)  The  services  of  the  Contractor's  main  office  emp; 
except  when  executing  drawings,  design  o  non  of 
plans  required  by  this  contract; 

(d)  The  expense  of  branch  offices  not  maintained  exclu- 
sively for  this  contract; 

(el     All   general    expen.-e   of   maintaining 
organization  and   doing   business  not   direi  I  ned    by 

this    contract. 

6.  Cost  of  the  Work.— The  cost  of  the  work  shall  include 
and  cover  all  expenditures  made  in  good  faith   by   thi 
tractor  or  the  Owner  to  execute  the  work  of   this   contract 
which  are  not  covered  by  the  Service  Fee,  the   F.ouipment 
Rental  Charge,  and  the  Tool  Charge. 

7.  The  Equipment  Rental  Charge. — The  Equiprii'-nt  Rental 
Charge  shall  include  and  cover  payment  for  the  service  of 
each  piece  of  equipment,  except  special  equipment  which  the 
Contractor  may  use  to  execute  the  work,  providing  said 
equipment  shall  be  installed  upon  the  work  in  good  opera- 
tive condition  as  certified  by  a  competent  inspe- 

by    the   Owner. 

The  amount  of  the  payment  for  any  piece  of  equipment 
furnished  by  the  Contractor,  except  special  equipment,  shall 
equal  the  daily  rental  rate  herein  specified  for  that  : 
equipment,  multiplied  by  the  number  of  days  elapsing  be- 
tween the  date  of  loading  that  piece  of  equipment  for  transit 
to  the  site  and  the  date  of  reloading  it  for  transit  from  the 
site.  These  dates  shall  be  the  dates  certified  by  the  bills  of 
lading. 

Any  special  equipment  not  owned  by  the  Contractor  which 
he  may  be  required  to  purchase  to  execute  the  work  shall 
be  paid  for  by  the  Owner,  and  on  completion  of  the  work  all 
such  special  equipment  shall  be  sold  and  the  proceeds  thereof 
credited  to  the  Owner. 

Repairs  to  equipment  shall  be  paid  as  a  Cost  of  the  Work. 

I  The  detailed  schedule  is  intended  to  be  supplied  by  the 
individual  firm.  Since  in  this  contract  repairs  are  charged 
as  a  Cost  of  the  Work,  they  should  therefore  be  omitted  in 
determining  the  Equipment  Rental  Charge.  Where  desir- 
able, 'he  Contractor  may  pay  for  repairs  and  cover  them  in 
the  fixed  rate  charges.  Attention  is  called  to  the  Rental 
Schedule  published  elsewhere  by  the  Associated  General 
Contractors.) 

8.  Tool  Charge. — All  tools  when  brought  upon  the  work 
shall  be  listed,  inspected  and  classed  according  to  their  con- 
dition as  follows:  New=100  per  cent  New;  Good.  75  per  cent 
New;   Fair.  50  per  cent  New;   Poor,  20  per  cent  New;    Value- 

per  cent  New. 
On  completion  of  the  work  all  tools  shall  again  be  listed, 
inspected  and  classified  as  herein  stipulated,  and  the  differ- 
ence between  the  values  as  listed  first,  and  as  listed  second, 
multiplied  by  the  current  market  price,  shall  constitute  the 
tool  charge  for  each  tool.  Lost  or  destroyed  tools  shall  be 
paid  for  at  the  first  per  cent  rating  multiplied  by  the  cur- 
rent market  rate. 

9.  Rebates,  Revenues,  Discounts,  Etc. — The  Owner  shall 
receive  the  full  benefit  of  all  rebates  and  refunds,  and  he 
shall  receive  the  full  benefit  of  the  discount  on  all  sums  paid 
directly  with  his  capital,    If    paid    in    time  to  secure  trade 

Miscount. 

The  Contractor  shall  deliver  to  the  Owner  all  revenue  de- 
rived from  commissary,  store  or  othi  maintained 
in  connection  with  the  work  and  all  revenue  derived  from  the 
sale  of  anything  pertaining  to  the  work  except  those  things 
belonging  to  the  Contractor. 

10.  Financing  the  Work. — The  Owner  shall  furnish  all 
funds  for  and  shall  provide  payment  for  all  expenditures 
incident  to  the  execution  of  this  agreement,  except  expendi- 
tures which  the  Contractor  may  make  in  fulfilling  the  cov- 
enants of  the  Profit  Fee. 

11.  Expenditures. — No  expenditure,  transaction  or  sub- 
contract involving  more  than  $ shall  be  made  in  con- 
nection with  this  contract  without  the  approval  of  the  Owner, 
except  that  the  Owner  may  authorize  the  Contractor  in  writ- 
ing to  make  certain  expenditures  in  accordance  with  the 
Contractor's   judgment,   in    which    case    such    authority   shall 


12.  Payments.— All  payments  shall  be  made  by  the  Owner 
in  accordance  with  statements  issued  and  certified  by  the 
Contractor  and  approved  by  the  Architect  or  Engineer,  and 
payments  may  be  made  either  directly  to  vendors  or  indi- 
rectly  by   reimbursing  the  Contractor 

Payrolls,  equipment  rentals,  team  and  truck  hire  and 
other  •  iich  the  Contractors  may  ind  it  expedient 

to  pay  weekly  or  oftener  shall  be  paid  by  the  Owner  within 
days  after  date  of  receiving  the  Contractor's  statement 
including  such   items.     All  other  indebtedness  shall  be  paid 
by  the  Owner  within  10  days  after  receiving  the  Contr 
ment   covering  such   indebtedness. 

On  account  of  the  Contractor's  Profit  Fee,  the  Owner  shall 

pay  the  Contractor  each  month per  cent  of  the  cost 

of  the  work  for  the  preceding  month.  This  payment  shall 
be  made  within  ten  days  after  date  of  receiving  the  Con- 
'-nt  of  the  cost  of  the  work.  When 
the  amount  paid  the  Contractor  on  account  of  the  Profit  Fee 
shall  have  equalled  90  per  cent  of  the  total  Profit  Fee  no 
further  payment  shall  be  made  on  this  account  until  the  work 
is  completed,  at  which  time  the  Owner  shall  pay  the  Contrac- 
tor the  remaining  10  per  cent. 

13.  Auditing. — The  Contractor  shall  keep  during  the  prog- 
ress of  the  work  and  preserve  for  one  year  after  final 
ment,  accurate  and  detailed  accounts  of  all  disbursements, 
and  he  shall  give  the  Owner  access  at  any  and  all  times 
to  all  books,  accounts,  documents  and  correspondence  of  the 
Contractor  which  pertain  to  the  execution  of  this  contract 

If  the  Owner  so  desires,  he  shall  have  the  right  to  place 
Btent  employees  of  his  own  in  any  position  of  account- 
ing, time  keeping  or  checking,  provided  that  such  employees 
-hall  perform  their  respective  duties  in  accordance  with  the 
Contractors  plans  for  handling  the  work,  and  in  co-operation 
with  the  Contractor's  employees. 

14.  Statements. — Statements  of  expenses  to  be  paid  weekly 
shall  be  accompanied  by  certified  copies  of  payrolls  and  orig- 
inal invoices  covering  all  expenditures  not  carried  on  the 
payrolls. 

Monthly  statements  shall  be  accompanied  by  original  bills 
and  invoices  and  shall  be  certified  by  the  Contractor. 

On  or  about  the  fifteenth  of  each  month  the  Contractor 
shall  submit  to  the  Owner  a  correct  statement  of  the  total 
expenditures  during  the  preceding  month  and  the  total  ex- 
penditures to  date.  He  shall  at  the  same  time  furnish  the 
Owner  with  a  progress  report  of  the  work. 

15.  Sub-Contracts. — All  sub-contracts  shall  be  let  by  the 
Contractor  (or  the  Owner)  with  the  approval  of  the  Owner 
(or  the  Contractor). 

After  the  award  has  been  made  to  any  sub-contractor,  that 
sub-contractor  shall  deal  directly  with  the  Contractor  who 
shall  have  full  authority  over  the  execution  of  sub-contracts 
and  shall  be  responsible  for  co-ordinating  the  work  of  sub- 
contractors with  his  general  plan  of  executing  the  work. 

16.  Insurance. — Insurance  against  loss  and  damage  to  all 
plants  owned  by  the  Contractor  shall  be  carried  by  the  Con- 
tractor and  cost  of  that  insurance  shall  be  included  in  and 
covered  by  the  Equipment  Rental  Charge.  The  insurance  on 
Rented  Plant  and  Special  Equipment  shall  be  paid  for  by  the 
Owner  as  a  cost  of  the  work. 

All  other  insurance  which  the  Ow-ner  or  the  Contractor  de- 
sires to  carry  shall  also  be  paid  for  as  a  Cost  of  the  Work. 

17.  Laws,  Permits,  Licenses. — The  Contractor  shall  abide 
by  all  legal  restrictions  and  obligations  of  the  locality  wherein 
the  work  is  located.     In  the  event  that  any  such  legal  re- 

n  or  obligation  should  be  violated  by  the  Contractor, 
or  any  of  his  employees,  the  Owner  shall  be  indemnified 
and  held  harmless  by  the  Contractor  from  any  legal  action 
resulting  from  such  violation. 

The  Contractor  shall  obtain  in  the  name  of  the  Owner  all 
permits  and  licenses  necessary  to  execute  the  work,  the  cost 
thereof  to  be  paid  as  a  Cost  of  the  Work,  and  the  Owner 
and  the  Contractor  shall  comply  with  all  legal  requirements 
relative  thereto. 

18.  Liens. — The  Contractor  shall  indemnify  the  Owner  and 
hold  him  harmless  from  all  liens  and  other  incumbrances 
against  the  premises  on  account  of  debts  or  claims  alleged  to 
be  due  from  the  Contractor  to  any  person,  including  sub- 
contractor, employed  by  or  under  him. 

19.  Time  of  Completion. — The  Contractor  shall  commence 
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work  within   days  after  Bigning   this  contract   and 

shall   complete   the   work   by    Should   the 

Contractor  be  delayed  In  completing  the  work  by  any  strikes, 

ther  circumstances  beyond  time  of 

completion  shall  be  extended  tor  inch  timi   as  will  compen- 

tor    the    time    lost    by    reason   of   all    BUcfa 
rums;. 

20.     Owner's    Right    to    Terminate    Contract.— The    Owner 
-hall  have  the  righl   after  days'  written  notice   to 

terminate   the   contract    if   the   Contractor's   Berries    is   on- 
to the  event  that  the  owner  shall  terminate  the  contract, 
be  shall  have  the  righl  to  taki  0  of  the  site  and  all 

materials   anil    plant    thereon   and    to   Complete   or   employ   any 

person  to  complete  the  work,  provided  that  he  shall  assume 
all  liabilities  and  obligations  which  the  Contractor  has  as- 
sumed in  pood  faith,  and  pay  the  following: 

l;"      v   Per  1  'in  aJ  to  that  per  c<  Ql 

Which  the  total  C08l  of  the  wort  up  to  the  time  of  termination 
is  of  the  estimated  eost  of  the  work. 

-\  ort  up  to  the  time  of  terminating 
th.-  contract  as  specified  in  Article  6. 
hi     The  Equipmenl  Rental  Charge  as  specified  in  Article  7 
id)     The  Tool  Charge  as  specified   in   article  S. 

Contractor's    Right   to   Terminate   Contract.— The   Con- 
tra, tor  shall  have  tie    righl   to  terminate  the  contract  after 

ten    days'    written    notice    under   the    following    conditions: 
ia  1      li  the  work  should  be  stopped  hy  court  order  or  other 

public    authority    for   a    period    of    more    than    days 

through  no  ait  or  fault  of  the  Contractoi 

I,    tie-    Owner    should    fail    to    pax    the    Contractor    in 
accordance  with  the  t,-rms  of  this  contract 

■•  I      If    the    Owner    should    not    permit    the    Contractor   to 

commence    work    within    days     after     signing      thl 

contract 

In  event  that  the  Contractor  shall  terminate  the  contract 
as  provided  in  this  article  he  shall  have  the  right  to  remove 
all  things  from  the  site  which  belong  to  him  and  return  to 
the  renters  all  things  rented  by  him  to  prosecute  the  work; 
and  the  Owner  shall  pay  him  the  sums  stipulated  in  para- 
graphs a.  b,  1  and  d  of  Aritcle  20.  and  shall  assume  all  lia- 
bilities and  obligations  which  the  Contractor  has  assumed  in 
good  faith 

22.  Title.— The  title  of  all  materials  for  which  the  Owner 
i-  required  to  paj  and  for  all  work  either  completed  or  in 
th.-  course  ol  construction  shall  be  in  the  Owner.  Title  of 
all  equipmenl  not  purchased  by  the  Owner  shall  be  in  the 
Contractor  or  m  the  renter  in  the  case  of  rented  equipment. 

23.  Assigning  the  Contract.  Neither  party  to  this  contract 
shall  assign  tie  contract  or  any  interest  therein,  without  the 
written  consent  of  the  other  party. 

The  Contractor  and  Owner  for  themselves,  their  successors, 
executors,  administrators  and  assigns,  hereby  agree  to  the 
full  performance  of  the  covenants  herein  contained. 

IX  WITNESS  THEREOF,  they  have  executed  this  agree- 
ment tin-  day  and  year  first  above  written. 


Cost    Plus    Fee   with    Penalty   and    Bonus 

The-  following  clauses  should  be  substituted  in  the  above 
form  if  Instead  of  "fixed  fee,"  a  "fee  with  penalty  and  bonus" 
contract  is  di 

5.  The  Profit  Fee. — In  the  event  that  any  significant  change 
-ball  in-  made  in  the  plans  the  estimated  cost  shall  be-  revised 
:.ng  to  any  change  in  quantities  that  may  result  This 
adjusted  cost  >11  be  agreed  upon  by  tie-  owner  and 

th.-  contra,  tor  shall  in-  designated  b  th.-  Revised  Estimated 
Cost  and  shall  be  the  cost  of  the  work  considered  in  deter- 
mining the  amount  of  a  penalty  or  bonus. 

The  Profit   Fee  shall  be  $ providing  tin-  actual  cost 

"f  'to-  work  -  i  In  Article  >■  <-  within  ■"■  per  cenl  ol 

the  Revised  Estimated  < 

if  the  actual  cost  of  tie-  work  is  greater  than  tin-  Revised 
Estimated  cost   In  .  , ml   the  contractoi    shall 

the   owner    with    per   cenl    of   the   difference 

between   the   two   amounts,   but    In    do  case   shall   the   con 

paj    an   amount    greater   than per   cent    ol    thl 

Profit  Pee  stipulated  in  this  article. 

if  the  actual  co  '  .uk  is  I.-**  than   the   Revised 

Estimated  Coal  bj  more  'ban  .".  per  cenl  the  Owner  shall  paj 
or  hi  addition  to  the  stipulated  Profit  Pi 
dI  of  tin-  difference  between  the  two  amounts     But  In 


m.    ,-ase   shall    the    owner    pay    the   contractor   an    add,,,, I 

******    "';">    PW   cent    of    the    Profit    Pee 

stipulated  to  this  article 

20.     Owner's  Right  to  Terminate  Contract.-(a)  A  per  cent 
of  the  Profit  Fee  equal  to  that   per  cent  which   the  tot 
t>l  the  work  up  to  the  time  of  termination  is  of  the  n 

.st, mated   Cost   of   it, ..    Work 


NewiPile-Driving  Attachment  for  P  &  H  Excavator- 
Cranes 

To  extend  still  further  the  application  of  P  A  li  excavator 

cranes,  a   new  pile-driving   attachment    ha-    i „   developed 

by  the  Pawling  &  Harnlschfeger   Co    ol    Mllwaukei 

can  be  used  in  place  of  th,-  standard  I 

sbov.-i  attachment  and   road-grading   Bkimmer  scoop 


Excavator  Crane  with   Pde   Driving   Attachment. 

P  &  H  machines  have  been  used  for  pile-driving  work  before 
hy  contractors  who  rigged  up  their  own  pile-driving  attach- 
ment The  new  standardized  attachment  makes  unnecessary 
this  work  and  makes  it  possible  to  change  over  in  shorter 
time. 

The  construction  as  shown  in  the  accompanying  illustra- 
tion, consists  of  two  offsetting  brackets  hinged  on  the  sheave 
wheel-pin  at  the  head  of  the  boom,  with  horizontal  bracing 
below.  The  weight  of  the  hammer  is  1,964  lb.,  and  the  fol- 
lower 7X1  lb.  The  entire  machine  can  be  moved  from  pile 
to  pile  by  the  same  operator,  sin.  ,  th,  attachment  is  made 
for  use  with  either  the  206  or  the  206  full  cordui 
machine. 


More  Women  at  Railway  Jobs.— The  number  of  women  em- 
ployed hy  the  Class  1  lailmads  increased  from  84,427  in  the 
quarter  ended  Jan,  i.  1920,  to  90,602  In  the  quarter  ended 
Oct.  l.  1920,  according  to  recent  reports  from  the  Interstate 
Commer.-e  Commission  The  wartime  oxperimenal  use  of 
women  In  shop  work  ,-  being  abandoned,  but  then- 
increase  in  their  employment  at  lobs  for  which  they  arc- 
better  fitted.  The  number  of  women  employed  in  shop  work 
decreased  5(i.!i  per  ..-in  from  1918  to  1920;  women  in  clerical 
erical  jobs  Increased  is.",  per  cent.  In  the  same 
period. 


Civil  Service  Examinations  for  Engineers.  The  1"  S.  Civil 
Service  Commission.  Washington,  i>  c.  has  announced  open 
competitive  examinations  tor  seven  different  classes  of  engi- 
neers for  the  Interstate  Commerce  Commission  for  duty  in 
connection  with  the  valuation  of  railroads  and  telegraph  lines. 
Salaries  range  from  11,320  for  junior  engineers  to  $2,700  for 
senior  engineers,  grade  2  Engineers  of  the  several  grades 
are  wanted  In  the  fields  ol  civil,  electrical,  mechanical,  sig- 
naling, architectural  ami  telegraph  engineering, 
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Methods  and  Cost  of  Thawing  Frozen 
Gravel  by  Means  of  Cold  Water 

A    new    process    for    thawing    frozen    gravel      >     means    of 

<-old  crater  is  described  by  Mr.  Edward  E.  Pearce  in  a  recent 

38ue  of  the  Mining  and  Scientific  Press  riments 

were  made  by  Mr.  Pearce  in  1918  and  1919  at  Candle,  200 
miles  north  of  Nome  on  the  Arctic  Slope  of  >  rd  Penin- 
sula.    We  quote  from  his  article  as  follows: 

The  following  is  a  description  of  the  new   process:      Fig. 
1   shows  a  general   plan  of  the  ground  A',  A',  A'  being  the 


the  frost-line  M  to  seek  its  own  level  in  the  shall  F,  thus 
making  a  continuous  flow  of  fresh  water  over  the  surface 
nf  the  frost.  As  this  operation  is  continued,  so  will  the 
frost-line  lie  moved  downward  until  it  has  reached  the  level 
of  the  bottom  of  the  shaft.  The  only  limits  to  this  system 
of  thawing,  up-stream  and  sideways,  arc  the  outer  edges  of 
the  surface  water.  It  may  lie  advisable,  however,  in  certain 
instances,  to  sink  two  shafts.  This  can  be  determined  only 
in  each  individual  case. 

In  our  operations  last  summer,  we  found  on  Aug.  4  (the 
day  we  started  to  pump  from  the  shaft)  that  the  seasonal 
thaw  had  reached  a  depth  of  :i'-   ft.,  as  represented  by  the 


Fig.    1.— Pla 


ng    the    Ground    to    Be   Thawed. 


portion  that  had  been  dredged  previously;  and  B',  B',  B' 
ound  desired  to  be  dug.  This  ground  is  perpetually 
frozen.  It  has  no  muck  on  the  surface,  but  there  is  a  layer 
of  muck  -  ft.  above  bedrock. 

In  order  to  confine  our  thawing  to  the  area  that  we  in- 
tended to  dredge,  it  was  necessary  to  turn  the  water  of  the 
creek  C,  over  the  area  B'  instead  of  letting  it  run  over  A'. 
Down  the  stream  at  D  D  a  bar  of  gravel  rose  2  ft.  above 
tli'  v.  ater;  and  in  order  to  get  our  seepage  to  the  limits  of 
this  bar,  which  we  were  to  dig,  we  dug  a  shallow  ditch  on 
each  side,  as  shown  at  E  and  E'.  Our  thawing-area  would 
be  then  confined  within  the  outside  edges  of  these  two 
ditches.  If  we  had  not  dug  this  ditch  at  E,  for  instance, 
all  the  ground  between  the  shaft  F  and  the  side  ]■:  would 
have  remained  frozen,  as  the  seepage  to  the  shaft  would  all 
have  been  from  the  water  side  E'.  It  is  therefore  important 
first  to  block  off  the  area  to  be  dredged,  and  then  see  to  it 
that  there  is  surface  water  at  the  extreme  edges,  for  no 
thawing  will  take  place  beyond  the  limits  of  this  surface 
water. 

F  is  a  shaft  sunk  into  the  bedrock,  F'  the  suction,  and  F"' 
the  pump-discharge.  G  is  a  2^-in.  rotary  pump  with  a  rated 
discharge  of  250  gal.  per  minute,  and  H  is  a  4-hp.  Cushman 
gasoline  engine.  The  numbers  1  to  46  represent  test-holes 
driven  at  different  times  to  determine  the  depth  that  the 
line  of  frost  has  been  moved  downward.  The  broken  lines 
are  the  contours  of  frost  at  different  dates.  The  cross-sec- 
tions along  these  test-holes  are  represented  as  being  taken 
up  in  place  and  laid  horizontally  on  the  surface  of  the 
ground. 

Figure  2  is  a  section  taken  longitudinally  above  and  be- 
low the  shaft;  it  shows  the  contour  lines  of  frost  at  different 
dates,  and  also  the  direction  of  the  seepage.  A  shaft  5  by 
5  ft.  and  9  ft.  deep  is  sunk  at  F  into  the  bedrock.  It  is 
timbered   tightly   down   to   within  about   2   ft.  of  the   bottom. 


eontour-line  M  in  Fig.  2.  On  Aug.  6  the  frost-line  had  been 
moved  downward  to  contour-line  N.  On  Aug.  is  (the  day 
we  stopped  pumping)  the  frost-line  had  been  moved  down- 
ward through  the  entire  area  to  lie  thawed,  passing  through 
and  thawing  a  layer  of  muck,  till  it  had  reached  and  thawed 
into   the   bedrock. 

The  entire  area,  790  ft.  up-stream  and  ■!?.:,  ft.  down-stream 
from  the  shaft,  with  an  average  width  of  (III  ft.,  had  been 
completely  thawed  in  a  period  of  15  days,  with  an  actual 
pumping-time  of  so  hours.  This  ground  was  dredged  during 
the  same  summer  and  no  "horses"  of  frost  were  encountered. 
The    ground    was    thawed    well    and    evenly.      The    cost    per 
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Fig.   3. — Cross   Section    of   Thawed    Ground. 

cubic  yard  to  thaw  this  ground  was  1.4  ct.  per  yard,  not  in- 
cluding any  overhead  or  equipment  charges.  In  many  parts 
of  Alaska  frozen  muck  and  sod  cover  the  surface  of  ground 
that  is  rich  enough  for  dredging.  Anyone  who  has  mined 
in  the  North  knows  that,  when  this  condition  is  encountered, 
the  cost  of  extracting  the  gold  will  be  increased  materially; 
no  matter  what  method  may  be  employed.  In  our  new 
process  this  condition  will  increase  the  cost  of  thawing,  but 
not  to  such  an  extent  as  when  thawing  by  any  other  method 
is  adopted. 

Figure  3   represents  a   cross-section   of  a  piece  of  ground 
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Fig.   2.— Longitudinal   Section   of   Thawed   Ground. 


and  is  also  extended  above  any  surface  water,  the  whole 
purpose  being  to  permit  no  water  to  enter  the  shaft  except 
from  the  bottom.  Around  the  sides  and  at  the  bottom  some 
coarse  gravel  is  thrown,  to  keep  the  fine  from  filling  in. 
The  shaft  will  fill  immediately  with  water  to  the  water-level. 
The  suction  of  the  pump  is  dropped  to  within  about  1  ft. 
of  the  bottom  of  the  shaft,  and  the  water  from  the  shaft 
is  exhausted.  As  fast  as  this  is  being  done,  the  creek-water 
K,  seeping  through  the  thawed  surface  area  L.  follows  along 


of  this  nature,  having  the  creek  A  on  one  side,  then  a  bare 
gravel-bar  K,  and  then  a  gravel-bar  covered  with  frozen 
muck  and  sod  G.  It  is  desired  to  thaw  the  ground  between 
E  E'  and  the  shaft  F.  We  do  not  want  to  thaw  D;  if  we 
did  we  should  move  the  shaft  farther  to  the  right;  A  is  the 
water  in  the  creek,  B'  the  top  gravel  of  the  creek,  naturally 
thawed  to  a  depth  of  3%  ft.,  H  H  is  frozen  gravel,  and  G'  G 
is  frozen  muck  over  the  surface  of  the  gravel.  A  shaft  is 
sunk  at  F  into  the  bedrock.    This  shaft  will  remain  dry,  and 
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no    thawing    will    take    place    unless    a    small    thawed    area    C 

ited  below  the  layers  of  muck.  When  ti>i--  area  la 
thawed,   a   aeepage   will    be   maintained    from    the   creek   A 

b    the    artificially    thawed    ana    ('    into    the    shall     1". 

tions  thi  '     ire  the  same  as   they    would   be   were 

there  do  muck,  as  described  heretofore.     In  Fig.  3  cold-water 

points  are  used   to   thaw   this   area.     The    points  are   set   in 

i.  k  to  the  top  of  the  gravel  only,  and  are  spaced  10 
ft.  apart    it  may  be  contended  that  as  water-points  are  used 

t  the  thawing,  they  might  aa  well  he  used  to  com- 
plete the  operation.  This  contention  is  wrong,  for  It  is  an 
entirely  different  matter  to  set  points  to  the  top  of  the 
gravel  and  to  set  them  in  the  gravel  to  a  depth  of  15  to  40 
ft.  Furthermore,  there  is  a  tendency  In  ground  of  this 
nature  for  the  frozen  collars  to  extend  downward  Into  the 
gravel,  and  when  thawing  with  points  is  completed,  there 
is  no  certainty   that   no  frost  "horses"  are  left 

PR)  ICESS  OF  COLJ  '-u  ITER  'I  HAW  i 
Equipment  Csed,  Com  of  Operations,   Area   Thawed,  and   Ci 

Cubic    Yard   Thaw.. I 
Equipment. 

.-.dine    engine    $135 

40    ft.    of    2'...-in.    pipe 10 

Tees   an.l    ells    10 

nd    Incidentals    

Lumber  for  5  by  5-ft.  shaft  9  ft.  deep 


Total 


.1300 


Labor. 

Digging    shaft,    live    men    f..r    l'j    days $60 

g,  during  digging  u(  shaft,  one  day,  one   man 8 

Extra    man.    two    days     16 

15    days   pump  aft,    one    man 

$204 


Total     « $289 

Area   thawed,    790  X  235   ft.    by   GO  X  9  ft.   =  20,500   cu.    yd.,    at   a 
:    1  4    ct.    per 

Total    time    plant   was    in    operation 1 

Total   time  of  pumping  shaft 89  hours 

Average   mean    temperature  of   creek 64°  F. 

Average  mean  temperature  of  discharge   48°  F. 

TABLE   II— OLD    PROCESS    OF    COLD-WATER    POINT 
THAWING 

Equipment  Used,  Cost  of  Operations.    Ana  Thawed,  and  Cost  per 

Cubic   Tard    Thawed. 

Equipment. 

One  50-hp.   Union  gas-engine   $3,000 

One    Kingsford    pump,    8-ln. 500 

800   It.    of   12-in.    hydraulic   pipe 1.000 

U200    ft.    of    ditch     500 

240  ft.  of  hydraulic  hose,  6-in 240 

100  ft.  of  hydraulic   hose,    10-in 100 

4  units.  25  points  each    150 

800  ft.   of  1-in.   pipe 80 

1.200    0                         i.ipe 100 

700   ft.   of  rubber  hose 400 

Tees,  ells,   unions,   \  100 

Total    $6,170 

Labor. 

One    point-man,    30    shifts     $ 

One  helper.  30  shifts   

One    engineer,    25    shifts 


500   gal. 


300 

240 
250 

790 

300 

iO 

Total    ..  .$1,140 

Area  thawed.   ISO  X  80  X  9  ft.  =  12.000  cu.  yd.  or  9'£  ct  per  yard. 

COMPARATIVE   STATEMENT  OF  TABLES   I    AND    II 
Cold-water 
point  method.  New    p 

COSt   Of   equipment    used $6,170 

f    labor    790 

I    Oil    300 

50 

$7,310 

1 12.000 

■!    i  hawed    $0,095 

400 

Time  .,f  plan  I    in  01  0 


New  Airplane  Compass. — A  satisfactory  type  of  airplane 
compass  has  been  Invented  by  Doctors  Paul  R.  Heyl  and 
Lyman  .1.  Briggs  of  the  Bureau  of  standards,  of  the  Depart- 
ment of  Commerce.  Flying  tests  with  this  instrument  have 
been  made,  and  the  air  service  is  now  engaged  In  putting  a 
number  of  models  into  service.  The  instrument  weighs  only 
while  the  weight  limit  set  by  the  air  service  was  25 
lbs.     The  n.  depends  for  Its  action  not  on  a  mag- 

lied  wire.  Thi^  principle 
1b  by  no  means  new.  but  it  has  remained  for  the  1'.  S.  Bureau 
of  Stan  ha  way  as  to  make  the  device 

practically   operative   under   the  very  severe  conditions   pre- 
vailing In   actual   flight   or  airplane  stunts. 


Experiences  at  Indianapolis  in  Weld- 
ing Track  Joints 

Kxperiences  of  the  Indianapolis  Street  Ry.  Co.,  Indianap 
■  dis.  Ind„  in  reclaiming  track  by  different  welding  methods 
were  related  by  Mr  T  1 1  David,  Principal  Assistant  Engi- 
neer, in  a  paper  presented  al  the  annual  convention  of  the 
Central  Klectric  Itailwaj  Association  held  at  Indianapolis. 
Jan.  26  and  ^7.    An  abstract  of  the  paper  follows: 

Our  experience  has  shown  that  tirst-class  track  in  paved 
streets  should  not  require  maintenance  for  a  period  of  ten 
years  when  subjected  to  a  normal  amount  of  traffic  of,  say, 
3  minute  headway  with  city  cars  or  about,  eight  years  if 
hourly  interurhan  service  Is  carried  in  addition. 

The  Lorain  Electric  Weld.  In  1913  we  welded  3,000  joints 
on  both  old  and  new  tracks,  using  the  Lorain  electric  weld. 
This  type  of  joint  proved  very  serviceable  and  has  prolonged 
the  life  of  track  so  reconstructed.  We  have  had  several  in- 
stances where  the  wear  on  the  ball  of  the  rail  has  decreased 
its  section  until  It  no  longer  had  sufficient  stiffness  to  carry- 
heavy  loads  and  failed  i ...  fracture  immediately  below  the 
ball  at  the  juncture  with  the  web,  the  joints  remaining  in 
fairly  good  condition 

case  is  the  track  oil  College  Ave.  between  Massachu- 
setts Ave.  and  Fall  Creek,  consisting  of  Lorain  Section  80- 
335  7-in.  high  Trail  laid  in  1902.  This  was  the  first 
concrete  construction,  full  tied  track  in  the  city,  and 
carrying  probably  the  greatest  mileage  and  tonnage  of 
any  track  outside  the  loop  district.  There  is  no  doubt 
in  our  minds  that  the  welding  done  on  this  in  1913  pro- 
longed the  life  of  the  joints  and  saved  the  maintenance  cost 
of  the  pavement  which  usually  gives  the  first  evidence  of 
joint  failure. 

The  paving  on  this  street,  excepting  at  the  joints  which 
was  naturally  repaved  with  the  welding,  and  excepting  18-in. 
outside  the  rails  relaid  at  the  time  of  street  reconstruction, 
is  the  original  paving  laid  in  1902.  Up  to  a  year  or  so  ago  the 
appearance  of  wear  was  uniform,  that  is,  the  dip  and  bad 
pavement  at  each  joint,  usually  identified  with  bolted  con- 
struction, were  missing. 

Failure  of  this  method  of  welding  usually  occurs  by  or- 
dinary vertical  break  immediately  adjacent  to  the  weld,  or 
the  ball  of  the  rail  breaks  out  over  the  weld.  This  has 
been  our  experience  with  old  rail  and  we  think  it  partly  due 
to  stresses  resulting  from  lack  of  periodical  grinding. 

The  welds  made  on  new  rail  up  to  this  time  have  been  very 
satisfactory  and  the  breakage  has  been  considerably  less 
than  1  per  cent.  One  track  containing  250  such  welds  with 
about  8-minute  city  service  has  had  no  breaks. 

Resistance  Arc  Welding  on  Old  Track. — From  1914  to  about 
1918  no  welding  of  new  track  was  done,  but  considerable  re- 
sistance arc  welding  was  done  on  old  track  of  all  sections. 
This  method  of  welding  has  proved  reasonably  successful  and 
has  only  been  resorted  to  in  old  tracks  which  we  hoped  to 
reconstruct  in  the  near  future. 

Some  14  miles  of  70-lh.  track,  most  of  it  20  years  old,  has 
been  welded  since  1912  with  the  arc  welder.  Our  method  has 
been  to  cut  the  base  of  the  angle  bar  on  the  gage  side  and 
invert  the  bar  on  the  outside,  thus  giving  the  outside  of  the 
ball  a  support.  In  some  cases  where  tracks  were  out  of  sur- 
face  we  have  re-tied  the  joints  and  a  few  feet  each  side, 
tamping  the  joint  and  leaving  the  quarters  suspended  for  a 
day  or  so  under  traffic. 

By  this  method  a  considerable  amount  of  the  surface  bend 
can  be  ironed  out.  Instead  of  using  plain  gravel  for  this 
work,  we  used  a  mixture  of  cement  and  gravel  in  the  ratio 
of  about  1:7.  In  some  cases  we  bonded  around  a  Joint  of 
this  type  in  order  to  insure  the  proper  return.  Some  of 
these  welds  have  proved  exceptionally  good  while  others 
failed,  the  greater  percentage  failing  by  the  weld  breaking 
loose.  It  appears  that  this  class  of  weld  can  be  made  to  give 
good  results,  hut  the  pel  tal  equation  enters  to  a  greater 
extent  than  In  some  of  the  other  methods  of  welding. 

A  piece  of  track  rei  laimed  by  the  use  of  the  arc  welder 
consisted  of  90-lb.  Lorain  Section  206  In  30-ft.  lengths  which 
■  ry  had  looking  before  reclamation.  The  rail  was  laid 
in  1894  and  on  very  little  ballast,  and  while  small  repairs 
were  made  In  1910,  a  complete  reclamation  was  made  In 
1916  and  1917  with  very  at!  factory  results.  Twenty-five 
per  cent  of  the  ties  were  renewed,  mostly  at  Joints,  and 
loint    was   welded.     In   some   cases  where   bolts   were 
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loose,  the  plates  were  removed  and  cleaned;  and  if  the  bolts 
were  tight,  the  old  plate  was  welded  by  adding  a  '-..-in.  square 
rod  along  tb.  top  of  the  plate  to  carry  the  welding  strip. 
Tic  plates  w  n  pul  under  all  joints,  these  plates  being  old 
•i  in.  fiat  joint  plates.  All  cups  in  the  ball  of  the  rail  were 
tilled  by  arc  welding  and  then  ground  to  surface  with  a  ro- 
tary grinder. 

The  track  was  very  smooth  riding  when  completed  and  the 
results  were  gratifying.  This  track  carries  20-ton  cars  and 
is  a  short  line  wiht  a  ten-minute  service.  No  bonds  were 
used,  and  as  a  rule  they  are  not  used  in  this  type  of  weld  ex- 
cept on  trunk  returns.  In  all,  some  500  joints  were  welded 
at  a  cost  of  90  ct.  per  joint  for  trackwork,  and  as  the  entire 
street  was  repaved  with  brick  and  stone  liners,  the  paving 
was  $1.50  per  square  yard.  This  low  cost  per  square  yard  is 
due  to  the  fact  that  portions  of  the  paving  base  were  not 
disturbed.  The  total  cost  was  $15,460  or  $2  per  lineal  foot 
of  single  track. 

As  usual,  dry  mix  was  used  to  bring  some  joints  up  to 
proper  surface.  This  small  expenditure  per  foot  has  again 
put  this  track  in  condition  to  last  at  least  eight  to  ten  years 
with  present  traffic  conditions.  Considering  the  fact  thai 
the  rail  at  the  time  of  welding  was  22  years  old,  we  cannot 
expect  much  more.  Up  to  date  we  have  had  only  one  break, 
this  record  being  due  perhaps  to  the  class  of  welder  we  bad. 
In  this  case  credit  should  be  given  to  the  personal  factor  In 
obtaining  the  foregoing  results. 

Two  years  ago  a  double-track  electric  over  single-track 
steam  90-deg.  crossing  made  of  solid  manganese  broke  down 
at  several  of  the  frog  points  and  appeared  to  be  destined  for 
the  scrap  pile  after  only  six  years'  service.  As  a  last  resort 
we  tried  arc  welding,  using  gasoline  and  a  wire  brush  to  clean 
fractures  thoroughly.  The  points  were  then  built  up,  soft 
steel  being  used  and  applied  in  thin  layers,  each  layer  being 
pounded  with  a  hammer  while  hot  to  compress  the  metal. 
This  process  was  continued  until  it  was  built  up  to  the  last 
%  in.  and  then  hard  steel  of  the  grade  recommended  for 
manganese  work  was  added.  This  crossing  remained  in  fair 
condition  for  some  time,  but  in  the  two  years  the  points 
have  been  rewelded  twice  by  the  foregoing  method,  as  the 
welded  portion  disintegrated  by  flaking  off. 

Experiences  with  Thermit  Welding. — In  1917  we  became 
interested  in  Thermit  welding,  but  up  to  1919  the  use  of  it 
wa  limited  to  combination  joints  and  built-up  frogs,  the  latter 
beinp  the  result  of  the  high  prices  prevailing  for  special 
pieces.  If  the  Thermit  method  of  rail  fastening  is  used,  we 
find  that  there  are  three  grades  of  rail  that  can  be  welded, 
with  seme  question  as  to  the  wisdom  of  so  doing  with  the 
last  two:  (1)  new  rail;  (2)  rail  that  has  been  in  service  for 
about  eight  or  ten  years  with  moderate  traffic,  and  joints 
(bolted  type)  beginning  to  cup  and  get  loose;  and  (3)  rail 
of  the  same  age  or  older  that  has  been  subjected  to  severe 
traffic. 

In  the  last  couple  of  years  we  have  Thermit-welded  two 
streets  of  the  latter  two  types  to  reclaim  them,  with  the 
nope  that  our  judgment  will  be  vindicated.  On  Central  Ave. 
from  10th  to  19th  Sts.,  approximately  3,700  ft.  of  double 
was  reconstructed  in  1911,  Lorain  Section  95-297  being 
used  on  white  oak  ties  laid  on  concrete  base.  During  the 
last  year  or  so  some  40  per  cent  of  the  joints  showed  evi- 
dence of  pounding  and  breaking  the  bond  with  the  imme- 
diate pavement.  As  we  did  not  wish  to  postpone  repairs  until 
rail  breakage  developed  we  decided  to  "Thermit"  all  joints 
that  showed  any  evidence  of  pounding  and  regrind  all  of  the 
2S0  joints.  A  total  of  114  joints  were  welded  and  ten  cases 
of  broken  rail  were  found,  these  breaks  occurring  along  the 
line  of  the  bolt  holes. 

The  actual  welding  was  done  between  midnight  and  morn- 
ing, the  joints  being  excavated  and  back-filled  during  the 
day  on  account  of  the  street  being  narrow  and  the  impos- 
sibility to  keep  automobiles  from  driving  into  the  excava- 
tions. The  original  joint  plates  were  the  8-hole  continuous 
type,  thus  leaving  about  %  in.  space  between  the  base  of 
the  rail  and  the  tie  after  welding.  Tie  plates  %  in.  x  8  in. 
x  10  in.  were  used  to  give  bearing  and  spot-welded  to  the 
base  of  the  rail  to  hold  them  in  place,  as  in  most  cases 
the  ties  were  cut  away  to  permit  the  necessary  width  for 
the  moulds,  the  original  spacing  of  ties  being  too  close  and 
we  did  not  desire  to  excavate  and  respace  them.  This  work 
of  114  joints  was  accomplished  at  a  cost  of  $13.56  per  joint 
for   track   and   $9.84   per  joint   for  paving;    total,   $23.40   per 


joint.    As  these  rails  were  all  62  ft.  in  length  it  made  the  cost 
per  foot  of  track  about  76  cents. 

Records  show  that  the  number  of  scheduled  cars  operating 
over  this  track  in  the  ten  years  was  930,185  or  3,720  740 
car  wheels  on  each  rail.  As  the  cars  all  weighed  20  tons  it 
gives  us  IS.603,700  tons  of  weight  per  track. 

This  welding  was  completed  in  July,  1921,  and  we  have 
had  two  breaks  since,  both  of  which  were  rewelded  by  waxing 
the  joint  and  pouring  additional  Thermit. 

The  track  on  Massachusetts  Ave.  between  Alabama  St  and 
College  Ave.  also  was  welded.  This  track  was  constructed 
in  1910  of  Bessemer  rail,  Lorain  Section  91-375,  7  in.  high  on 
white  oak  ties  imbedded  in  concrete  or  monolithic  from  sub- 
grade  to  paving  base.  This  track  became  so  rough  at  the 
joints  that  it  was  decided  to  use  Thermit  in  an  effort  to  delay 
reconstruction  at  least  three  years,  or  for  a  period  that  would 
justify  the  expense. 

The  portion  of  the  street  used  by  vehicles  was  resurfaced 
in  the  summer  of  1920  and  this  company  relaid  18  in.  outside 
the  rails  at  that  time,  omitting  the  grouting  at  the  joints 
until  we  could  do  the  welding.  Crossovers  were  placed  on 
the  streets  and  welding  was  started  in  October.  As  this  is 
a  trunk  line  and  handles  all  cars  to  the  northeast  section  of 
the  city,  or  about  60  cars  per  hour  during  tripper  times,  our 
welding  was  all  accomplished  between  the  hours  of  9  a  m 
and  3  p.  m.  and  10  p.  m.  and  5  a.  m.;  that  is,  in  the  off-peak 
hours. 

As  the  work  progressed  we  found  every  joint  in  the  entire 
length  of  2,700  ft.  of  street  to  be  broken.  We  could  not 
afford  to  remove  the  lS-in.  strip  of  pavement  only  recently 
laid,  so  6  to  10-ft.  pieces  were  put  in  on  the  outside  rails 
and  welded,  while  the  inside  rails  were  cut  and  the  rails  were 
driven  ahead.  This  method  not  only  eliminated  all  the  bolt 
holes  but  the  cupped  rails  as  well  and  also  located  the  new 
joints  on  better  ties,  the  old  joint  ties  being  cut  severely  in 
several  cases.  Where  ties  were  cut,  they  were  adzed  and 
either  steel  or  wood  shims  with  holes  drilled  in  them  for 
spikes  were  added  to  bring  to  surface. 

Before  track  and  paving  gangs  had  completed  the  work 
we  had  eleven  breaks  due  to  the  new  conditions  imposed 
upon  the  rail  in  welding.  Since  then  we  have  had  six  breaks, 
four  occurring  during  last  winter  and  two  just  recently.  In 
each  case  they  were  rewaxed  and  welded.  A  recent  inspec- 
tion of  this  track  shows  it  to  be  holding  up  in  fair  shape  and 
it  appears  that  the  expenditure  made,  while  large,  was  justi- 
fied. On  this  street,  264  welds  were  made  at  the  following 
cost:  track,  $30  per  joint;  paving,  $15  per  joint;  total,  $45 
per  joint.  As  the  track  rehabilitated  consisted  of  5,400  ft. 
of  single  track,  the  cost  was  $2.20  per  foot,  or  a  total  cost 
of  $11,772.87 

Operating  statistics  show  that  during  the  year  1920,  319,263 
trips  of  city  cars  and  55,773  trips  of  interurban  cars,  or  a 
total  of  375,036  trips  were  made  over  this  stretch  of  track. 
Therefore,  in  the  past  ten  years,  15,001,440  wheels  passed 
over  each  rail.  This  amount  of  travel  is  equivalent  to  78,681,- 
030  ton-miles  for  that  interval.  These  figures,  as  in  the  pre- 
vious estimate,  do  not  include  w-ork  cars,  sweepers,  etc.,  and 
are  based  on  dead  load  of  cars  only. 


Siphon  Pipes  for  Catskill  Aqueduct 

Work  is  now  under  way  on  the  construction  of  two  pipes 
in  each  of  the  14  steel  pipe  siphons  along  the  line  of  the 
Catskill  aqueduct  of  New  York  City.  One  pipe  is  now  in 
place  at  each  of  the  fourteen  points  and  the  three  pipes  will 
be  capable  of  carrying  the  full  capacity  of  the  Catskill  aque- 
duct, which  is  in  excess  of  500  millions  of  gallons  per  day. 
The  new  siphon  pipes  will  consist  of  riveted  steel  pipes  from 
7  ft.  4  in.  to  11  ft.  3  in.  in  nominal  inside  diameter,  with 
plates  from  7/16  to  9/16  in.  in  thickness.  They  will  be  lined 
with  Portland  cement  motrar,  enveloped  with  concrete  and 
covered  with  an  embankment  of  earth  or  of  earth  and  rock. 

Contracts  for  these  siphons  were  awerded  on  Nov.  23  last. 
Rice  &  Ganey,  Inc.,  103  East  125th  St.,  New  York  City,  have 
the  contract  for  these  siphons  of  an  aggregate  length  of 
12,200  ft.,  the  contract  price  being  $999,000.  Frederick  Snare 
Corporation,  8  West  40th  St.,  New  York  City,  has  the  con- 
tract for  approximately  34,000  lin.  ft.  of  pipe  at  the  seven 
locations;  the  estimated  amount  of  this  contract  is  $2,978,- 
103.  The  thrid  contract,  which  totals  $2,275,360,  was  awarded 
to  the  Thomas  Crimmins  Contracting  Co.,  New  York. 
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The  Need  for  Immediate  Resumption 
of  Railway  Construction 

From  a  Statement  by  Herbert  Hoover,  Secretary 
of  Commerce  Before  the   Interstate 
Commerce  Commission 
it  we  look  at  the  national  economic  Bltuatlon  as  a   whole. 
the   greatest   Impulse   that    ran    be   given    to   recovers    from 
any  sourci    whatever  is  a  reduction  "i  ratei   on  primarj  com 
modifies  combined   with  the   Immediate  reeumptlon   of  rail- 
nay  construction  and  equipment      The   first    depends   upon 
■ion  of  operating   costs,   the   second    upon    restoration 
ol  credit  for  our  railways. 

One    thing   is   absolute.     Our    transportation    facilities   are 
below  the  needs  of  our  country,  and  unless  we  have  a  ciuick 
ption  of  construction,   the   whole   community — agricul- 
tural,   commercial,    and    Industrial — will    be    gasping    from    a 
strangulation   caused   by   Insufficient   transportation    the   mo 
raent  that  our  business  activities  resume.     For  the  past  five 
we    have    had    no    consequential    expansion    to    our 
railway  transportation  machine.     With  but  one  interval  of  9 
months  in  1918  and   1919  we  had  a  ear  shortage  throughout 
hole  of  tie-  years   1916-17-18-19  and   20.     This  shortage 
■  as  high  as  160,000  cars   with  a   corresponding  short- 
We   paid    tremendous   sums   in  com- 
merciaJ  losses  ami  unemployment   in  consequence.     We  laid 
■  .ar.     We  should  lay  it   onto  our  lark  ol   foresight 
and   antagonism   tc 

Railway     Expansion     Has    Not    Kept    Up    with    Growth    of 
Country. — Ft  amount  ot  ezpan- 

•  our  transportation  machine  necessary  to  keep  pace 
with  the  growth  of  the  country.  And  an  equal  few  seem  to 
have  any  notion  of  the  price  we  pay  for  not  having  it.  Our 
country  is  more  dependent  upon  railway  transport  than  any 
other.  All  others  have  comparatively  greater  coast  lines  and 
Internal  waterways.  The  experience  of  the  twenty  years 
the  war  has  shown  that  we  must  build  an  extension 
ol  lines,  including  terminal  facilities,  additional  sidings,  etc., 
every  year  equal  to  the  construction  of  a  new  railway  from 
New  York  to  San  Francisco.  We  must  add  at  least  120,000 
cars  and  2,500  locomotives  annually  to  our  equipment.  Since 
tered  the  war  In  1H17  we  have  constructed  at  least  10,- 
000  miles  of  railways  less  than  our  increasing  population 
and  economic  development  called  for  and  we  are  behind  in 

rolling  stock  by  about   4. )  locomotives  and  200,000  cars.     I 

wish  to  emphasize  that  unless  we  can  have  an  immediate 
resumption  of  construction  and  equipment,  our  commercial 
community  will  pay  treble  the  cost  of  the  whole  of  them  in 
their  losses  of  a  single  season.  The  very  moment  that  we 
reach  anything  like  normal  business  we  shall  see  a  repeti- 
tion of  car  shortages,  followed  by  an  increase  in  the  cost  of 
coal  to  the  consumer  from  $1  to  $3  a  ton;  we  shall  again 
see  premiums  of  20  ct.  a  bushel  for  the  use  of  cars  for 
moving  grain;  we  shall  in  fact  see  a  shortage  of  commodi- 
ties to  the  consumer;  and  we  shall  see  gluts  upon  the  hands 
of  the  producers.     We  shall   b<  tilled  with  orders 

again  closed  for  lack  of  cars;  m-  shall  see  large  intermit- 
tency  in  employment ;  and  we  shall  see  the  usual  profiteer- 
ing in  commodities  due  to  a  stricture  between  the  producer 
and  con 

There  would  he  no  difficulty  whatever,  by  basing  such  losses 
on  the  experiences  we  have  already  had.  to  calculate  a  loss 
to  the  American  people  of  B  billion  dollars  for  each  one  of 
shortages. 
Furthermore,  there  Is  nothing  that  is  so  irrecoverable  a 
loss  to  the  nation  as  Idle  shops  and  id!"  men.  To-day  we 
have  both.  nothing  thai   will  bo  quickly  start  the 

and  employment  a  an  immediate  re- 
sumption of  construction  and  equipment  of  the  railways. 
When    .  ■•      resume,   we   Bhall   need   all   of  our  ca- 

pacity  for  the   production  of  We  shall 

I  for  1  but  we 

shall    find   ourselves    plunging   into   the   manufacture   of   this 
railway    equipment    and    construction    In    competition 
■   i  I  labor.    ]  [i  rein  lies 

the  basic  cause  of  in  and  booms,  with 

all  their  waste  and  u\  er  expansion.  In  tlmeH  of  depression, 
we  should  prepare  for  the  future  and  by  doing  so  we  can 
core  the  depression  Hseir. 


Difficulties  of  Railway  Financing.  -If  we  examine  the  fun- 
damental reasons  for  (allure  to  resume  equipment,  we  will 
find  them  In  the  t<  ence  In  railways  as  an  invest- 

and  the  competition  of  tax  free  securities.  We  have 
passed  the  period  of  credit  strain  in  this  depression,  sur- 
plus capital  is  pouring  bj  hundreds  of  millions  monthly  into 
tax  free  securities  and  foreign  loans,  and  yet  our  railways 
are  unable  to  finance  the  most  moderate  of  construction 
programs.  The  coniidem  e  oi  the  public  in  railway  invest- 
ments was  at  so  low  an  .lib  before  the  war  that  financing 
bj  the  issue  of  common  and  preferred  stocks  had  become 
impossible  and  railway   expansion   was   living   on   bond   issues. 

The  confidence  of  an  assurance   and  continuity   in  earning 

power  i vei    this   burden  of  bonds  has   been  even  lowered 

since  tie  war  began,  becau  i  ol  the  uncertainties  of  both 
rising  and  falling  prices,  of  rising  ami  falling  wages,  of  rising 
and  falling  rales  preventing  all  regularity  of  earnings  upon 

which  an  investor  could  be  convinced,  even  if  >ther  dif- 

ticult  factors  entered  into  the  problem.  I  see  no  occasion 
in  go  into  the  labyrinth  ol  past  railway  finance  II  propriety, 
in-  ia,k  of  propriety,  It  foolishness  or  its  skill.  That  gen- 
■  '  ition  is  gone  by.  This  Commission  approaches  the  finan- 
cial problems  of  the  railways  upon  the  ■■,  not 
upon  their  issues  of  securities  ami  I  take  II  we  are  living  for 
the  future,  not  the  past  We  want  transportation,  and  we 
want  it  with  the  values  of  private  initiative  and  clean  pub- 
lic sen  a  e. 

If  we  look  to  the  Immediate  future  with  its  complete  ne- 
cessity of  paring  the  railway  earnings  down  to  little  more 
than  bond  interest,  until  to  the  shipper  (and 

thus  the  primary  foundation  to  business  recovery)  I  can 
see  little  likelihood  of  convincing  the  investor  as  to  his  mar- 
gins of  safety.  There  is  an  atmosphere  that  our  railways 
will   never  again   ean     pi  mil    that    they   are   not   as   an 

industry   worthy  of    In    •  and   that    because   private    in- 

\  esters  will  not  come  to  theii  assistance  nobody  can  do  any- 
thing. 

Far  from  being  Impossible  tor  our  railways  again  to  re- 
turn to  a  profitable  footing,  I  believe  it  is  possible  to  dem- 
onstrate that  on  an  average  they  will  become  very  profit- 
able. If  we  assume  that  the  reduction  of  prices  and  wage 
levels  will  settle  at  a  plane  no  lower  than  50  per  cent  over 
pre-war,  and  if  we  assume  that  the  present  rates  are  to 
maintain,  and  if  we  assume  restored  traffic,  then  the  earn- 
ings of  our  railways  would  exceed  15  per  cent  on  the  whole 
of  the  Commission's  tentative  valuation.  Surely  there  is 
room  here  for  safety  to  investment,  as  well  as  relief  to  the 
shipper. 

But  the  circumstances  being  as  they  are,  confidence  being 
at  a  low  ebb,  we  do  not  have  the  equipment  necessary  for  our 
business.  We  are  driving  headlong  for  a  setback  to  our  whole 
commerce  the  very  moment  that  we  begin  to  get  on  our  feet. 

Railways  Should  Propose  Program  of  Betterment. — In  these 
circumstances  it  seems  to  me  vital  that  the  railways  as  our 
greatest  industry  should  propose  a  courageous  program  of 
broad  visioned  betterments  and  if  necessary  the  Government 
should  consider  giving  the  use  of  its  superior  credit.  It 
would  not  cost  the  taxpayer  a  cent  to  give  the  Govern 
guarantee  to  equipment  trusts  upon  the  primary  responsi- 
bility of  the  railways  the  proceeds  devoted  entirely  to  im- 
provement  and  equipment.  This  is  no  proposal  to  take 
money  irom  the  taxpayer,  It  is  a  proposal  to  save  him  from 
paying  treble  the  amount  of  his  guarantee  in  profiteering 
and  losses.  It  will  render  a  reduction  of  rates  earlier,  for 
unless  something  is  done  the  improvements  will  have  to  be 
paid  over  years  out  of  increased  rates.  Nor  would  we  lose 
i  ' ■■•Hi  upon  the  guarantee  for  if  American  railways  can  not 
earn  interest  upon  their  borrowings  lei  us  throw  up  our 
hands  and  prepare  for  a  second  Russia. 

A  real  program  of  construction  would  in  its  various  rami- 
fications give  relief  to  500,000  or  600,000  of  our  unemployed. 
It  would  enable  even  added  numbers  to  Increase  their 
standard  of  living,  and  thus  give  increased  market  to  the 
produce  ol  our  farmers  Oui  farmers  who  look  to  foreign 
markets  fur  their  surplus  ttould  Stop  t"  consider  that  our 
home  consumption  of  meat  decreased  nearly  7  pounds  per 
capita  in  1921,  mostly  owini  to  unemployment  and  that  If 
this  decrease  could.be  overcome  it  would  be  worth  more 
than  a  35  per  cent  increase  in  exports. 

We  talk  glibly  of  giving  billions  of  credits  to  foreign 
countries,  to  Increase  our  farm  exports.  I  wish  to  say  with 
all    responsibility    for   the   statement,    that    a    billion    dollars 


(38) 


Engineering  uml  Contracting  for  February   /•">.   1922. 


161 


spent   upon   American  railways  will    gi  ore   employment 

to  our  people,  more  advance  u>  our  Industry,  more  assistance 
to  our  tanners,  than  twice  that   sum   expended  outside  the 
frontiers  of  the  United  States— and  th<        rill  be  greal 
rarity  for  the  investor. 

Finally,  1  want  to  refer  to  the   verital  le   witches  cauldron 
being  fed  constantly  with  hates   distilled   from   the   misdeed 
Iway  promoters  in  the  past,  from  the  conflicts  between 
Uways  and  the  farmers,  between  the  railways  and  their 
workmen       From   the  confusion   that   arises   from   it  we  de- 
stroy  our   railways  and  destroy   ourselves.      With   this   Com- 
mission  on  one  hand  assuring  honesty  in  finance,  justice   to 
the  shipper  and  the  railway   investor,  with  the  Railway  La- 
bor Board  assuring  justice  to  workers  and.   above   all,  with 
at   spirit  of  public  service  in  our  generation  of  railway 
managers,  it  is  time  to  call  off  the  witches  and  take  some 
q   of  our  national   situation   if   we  are   to   pull   ourselves 
out  of  this  depression. 


The  Necessity  for  an  Engineer  to  Be 
Democratic* 

By  W.  J.  TOWNE, 
Chii      I  50  S    \'"i  1 1  v.  estern    Rj 

I  recall  when  1  began  railroad  work  as  an  engini 
assistant.  1  had  a  radical  viewpoint  about  engineers.  I 
had  seen  practical  work  for  a  number  of  years  and  knew  the 
work-side  of  it;  also,  I  had  the  benefit  of  a  technical  train- 
ing and  was  a  little  inclined  to  feel  pretty  well  postedd.  I 
was  not  looking  for  anybody  to  advise  me.  Later  on  I 
began  to  see  that  any  man  who  tried  to  stand  by  himself 
and  put  his  knowledge  against  the  field  without  seeking 
the  co-operation  and  advice  of  his  fellows,  was  generally 
going  to  be  a  loser.  It  is  necessary  that  we  have  the  friend- 
ship, at  least  respect,  of  our  associates,  and  we  must  have 
plenty  of  that  in  order  to  make  good  our  plans  and  carry 
them   through. 

An  engineer's  training  is  largely  along  that  line  that  fits 
him  for  a  position  that  is  more  or  less  technical  and  1  be- 
lieve he  is  inclined  to  overlook  the  viewpoint  of  the  fellow 
that  comes  up  through  the  operating  ranks.  He  is  the  man 
who  usually  starts  in  at  one  job  or  another  and  gradually 
progresses.  His  original  viewpoint  is  often  narrow.  He 
comes  along  to  a  position  of  more  importance  on  the  rail- 
road; he  is  associated  with  men  in  the  engineering  depart- 
ment and  unfortunately  some  of  those  he  meets  impress 
him  with  an  atmosphere  of  superior  beings.  As  they  have 
the   advantage   of   a   technical    education,    it    follows    in    his 

mind  that  they  feel  themselves  to  be  wiser  men  and  he  9 i 

develops   ideas   of   antagonism    and    a    barrier    is    begun    be- 
tween  them. 

Superintendents  have  much  praise  for  engineers  and  yet, 
when  talking  to  one  of  them  about  putting  an  engineer  in  a 
position  of  an  operating  nature,  he  said  an  engineer  will  not 
do  at  all.  That,  of  course,  is  an  unfortunate  condition  tor 
the  engineer  and  perhaps  for  the  company's  interest,  What 
we  need  is  a  better  understanding.  If  men  employed  by 
railways,  will  show  by  every  performance  to  the  operating 
men  and  to  their  own  associates  that  they  are  practical, 
dependable,  resourceful,  hard  working  loyal  men.  with  good 
mental  balance,  they  will  find  that  they  are  doing  the  most 
that  anyone  can  do. 

As  I  see  it,  one  of  the  essential  things  is  to  be  democratic 
be  a  mixer;  to  put  it  in  slang  "be  a  regular  guy"  with  your 
associates  who  are  performing  work  along  the  track,  round- 
house, and  yards.  You  will  find  that  these  men  will  warm 
up  to  you  and  give  you  ideas  and  make  suggestions  and 
really  educate  you  with  the  things  that  you  little  dreamed 
they  had  in  their  minds,  and  you  do  not  need  to  ask  any 
questions.  All  you  have  to  do  is  to  listen:  make  them  feel 
that  you  are  just  a  man  alongside,  no  better  or  worse  than 
they,  and  that  you  are  trying  to  get  better  results.  Know 
them  well  enough  to  call  them  by  their  first  name.  Make 
them  feel  that  you  are  one  of  them;  then.  I  believe  is  when 
you  get  the  best  that  they  have  and  you  give  the  best  that 
you  have.  It  is  of  the  utmost  importance  for  men  to  get 
along   well   together. 

There  was  never  more  chance  for  advancement  than  at 
present.      Broaden    your   experience    in-   every    way    possible 


and   benefit    w  ill    follow    to  yo 

There  is  nothing  like  mixing  with  others  and  thus  being 
better  understood.  One  of  the  troubles  today  among  our 
people  is  lack  of  understanding  and  lark  of  sympathy  be- 
tween  various  classes  of  endeavor,  if  yon  are  super' 
work  of  others,  undoubtedly,  some  of  you  may  ha 
differences  between  management  and  workers.  If  you  can 
look  at  the  situation  from  the  other  follows  viewpoint  and 
in  a  way  absorb  his  troubles,  take  them  onto  yourself,  you 
will  get  satisfactory  results;  if  you  can  not  do  these  things, 
there    is    nm.     hope  of   getting   together    with    satisl 

results. 

An  engineering  instructor  told  me,  years  ago,  that  a  young 
engineer  ought  to  train  himself  to  answer  off-hand  quickly 
as  to  engineering  information.  He  said  too  many  of  them 
are  in  the  habit  of  withdrawing  from  any  declaration  of  a 
or  any  knowledge  until  they  have  had  a  chance  to 
analyze  the  thing,  "figure  it  out"  as  they  put  it.  If  you  want 
to  succeed,  he  said,  with  business  men.  managers  and  others 
who  are  seeking  engineering  information,  yon  should  train 
yourself  in  a  way  to  say  "it  will  cost  about  as  much."  Do 
not  be  afraid  to  discuss  results  in  a  preliminary  and  reason- 
able way  because  ninety  times  (as  he  put  it)  out  of  a  hun- 
dred, that  is  the  last  you  will  hear  of  it.  The  project  may 
be  merely  a  dream,  and  if  it  comes  to  a  realization  you 
will  have  an  opportunity  to  develop  an  estimate  and  rarely 
will  you  be  put  in  an  embarrassing  position  by  later  de- 
velopments. The  big  advantage  is  that  you  have  impressed 
the  man  with  a  knowledge  of  the  subject  on  which  you  are 
supposed  to  be  expert  and  you  have  enhanced  your  own 
chance;  you  have  increased  your  value  by  just  that  amount. 
It  has  rarely  failed  that  a  man  who  could  successfully  do 
that,  was  not  in  demand.  Do  not  misunderstand  me:  This 
I  be  much  abused;  if  not  handled  properly,  its  advantage 
is  destroyed. 

In  handling  cases  where  men  are  involved  in  controversies, 
if  you  can  not  do  anything  yourself,  at  least  merit  the  repu- 
tation of  being  fair.  Try  to  have  the  other  fellow^  feel  that 
you  are  fair  and  are  trying  to  go  along  with  him.  even 
though  you  can  not  do  so. 

As  you  go  along  be  an  engineer  of  railway,  hydraulic, 
sanitary,  or  other  special  lines,  but  be  also  an  engineer  of 
humanity. 


January   Construction    49'  ,    Ahead    of   Last  Year 

January  construction  activity  was  49  per  cent  greater  in 
volume  than  it  was  in  the  corresponding  month  of  last  year, 
according  to  the  F.  W.  Dodge  Co.  The  total  amount  of  con- 
tracts awarded  last  month  in  the  27  northeastern  states  of 
the  country  was  $166,320,000.  Although  this  represented  a 
decline  of  1G  per  cent  from  the  previous  month,  it  was  the 
second  largest  January  total  on  the  Dodge  Company's  statis- 
tical record,  having  been  exceeded  only  in   January,  1920. 

Xot  only  did  the  "work  actually  started  in  January,  as  in- 
dicated by  the  awards  of  contracts,  hold  up  exceedingly 
well  for  this  season,  but  the  volume  of  contemplated  new- 
work  reported,  amounting  to  $435,859,000,  was  the  largest 
monthly  total  of  contemplated  work  reported  since  April, 
1921,  registering  an  increase  of  3  per  cent  over  the  amount 
reported  in  December,  and  2V  per  cent  over  the  amount  re- 
ported in  January,  1921.  All  this  indicates  an  increased 
volume  of  construction  in  1022. 

Residential  building  accounted  for  45  per  cent  of  the 
January  total,  amounting  to  $75,728,000.  Business  buildings 
amounted  to  $23,694,000,  or  14  per  cent  of  the  total;  indus- 
trial buildings,  $19,695,000,  or  12  per  cent,  public  works  and 
utilities.  $18,735,000,  or  11  per  cent.  Industrial  building,  al- 
though small,  showed  a  gratifying  increase  over  the  previous 
month. 


•Prom   "Professional  Engineer"  of  February.    1!<22. 


Drill  Steel  Troubles  in  Tonopah  District. — Mine  operators 
in  the  Tonopah,  Nevada,  district  are  having  considerable 
trouble  with  drill  steels,  as  different  lots  received  require  dif- 
ferent heat  treatment  in  tempering.  At  one  mine  the  steel 
does  not  stand  up  in  hard  ground  when  used  in  the  stopers 
with  the  outside  water  spray  At  two  different  times  in  one 
mine  the  drill  bits,  after  being  used  five  or  ten  minutes,  were 
noted  to  be  at  red  heat  as  drawn  from  the  holes.  The  problem 
is  being  studied  by  the  U.  S.  Bureau  of  Mines  in  the  course 
of  its  general  investigation  of  drill  steels. 
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Equipment  Rental  Agreement 

Early  last  year  the  Committees  on  Methods  and  Contracts 

of  Associated  General   Contractors   submitted   two   tentative 

drafts  of  standard  agreement   forms  tor  rental  of  equipment. 

forms,  as  well  as  the  comments  made  upon   thorn   by 

various  contractors  and  association  members,  were  carefullj 

ommittee,  and  from  the   Information   thus 

obtained  another  draft  has  been  prepared  as  the  1922  Form 

of  th.  i    General   Contractors.     The   agreement    is 

reprinted  below  from  the  January  issue  of  The  Constructor, 

tho  official  publication  of  the  Associated  General  Contractors: 

EQUIPMENT     RENTAL    AGREEMENT— 1922     FORM. 

AGREEMENT  made  this  day  of  192.   . 

by  and  lu-tu  een  t Name)  

(Name)   

by  and  beta  i 


The  Lessee  shall  paj  the  Owner  a  minimum  rental  of  6  pei 
cent  of  the  total  value  as  given  In  the  List  of  Equipment  ol 
any  equipment  actually  delivered  to  a  public  carrier  or  othei 
agency  of  transit  to  the  Le 

Article  IV.  Transportation.  The  Owner  shall  ship  all 
"'  i  o.  b.  public  carrier  or  other  agency  of  trans 
portatlon  as  specified  by  written  shipping  instructions  to  be 
furnished  by  the  Lessee,  and  shall  make  shipment  on  the 
date  named  in  such  instructions,  or  within  five  days  there- 
after. 

The  Owner  shall  also  at  his  own  expense  unload  the  equip-' 
ment  upon  its  return  from  the  Lessee's  work,  but  all  other 
expenses  of  transportation,  including  handling  at  the  Lessee's 
shipping  point,  freight,  switching  and  hauling  shall  be  borne 
by  the  Lessee. 

Article  V.  Returning  Equipment.  Except  in  case  of  can- 
cellation of  this  agreement  this  Equipment   may  be  retained 


hich 


WITNESSETH:  That  in  consideration  of  the  covenants  and 
the  payments  hereinafter  provided,  the  Owner  and  the  Lessee 
agree  as  follows: 

Article  I.  Material  Leased. — The  Lessee  hereby  leases 
from  the  Owner  for  use  at  or  near all  equip- 
ment herein  named  and  identified  under  the  List  of  Equip- 
ment, and  throughout  this  agreement  designated  in  whole 
or  in  part  as  "Equipment."  Each  article  of  Equipment  shall 
be  delivered  to  the  Lessee  or  his  agent  in  good  repair,  fully 
equipped  for  operation  as  herein  further  described,  and  shall 
remain  in  possession  of  the  Lessee,  subject  to  the  conditions 
hereinafter  stated,  for  approximately  the  time  designated  in 
the  List  of  Equipment  as  the  approximate  Rental  Period. 
List  of   Equipment. 


es  of 
Equipment 

Column 

No.    1 
Identifi- 
cation 
No. 

Column 
No     2 
Approx. 
Rental 
Period 

Column 

No    .; 
Rental 
Rate 

Column 

No.    4 

Value  of 

Article 



,,,,,.,,,  b>    tne   Lessee   until   expiration   of   the    approximate    Rental 

Party   of   the    ttrsi    part,   !,  .lied   the   OWNER  and      LTZL™  J^l^t  '"  £*"*£  *  °7  may  at  nny  time'  UP°D 

(Name)  written  notice,  be  returned  to  the  Owner. 

(identification)  After  exP'ration  of  the  approximate  Rental    Period,   wt 

party  of  the  second'  part.'  hereinafter' called  the  LESSEE.'  ' '         ^i*  ™p  ^fn^  *  ?"*"*  "*"?!*  "dement  of  Ow_. 

and  Lessee,  the  Owner  may  at  any  time  request  release  of 
and  the  Lessee  shall  within  ten  days  thereafter  release  and 
return  the  equipment  as  requested,  but  anj  expense  Incurred 
thereby  over  and  above  that  of  shipping  the  Equipment  to  the 
Lessee  shall  be  paid  by  the  Owner. 

Article  VI.  Maintenance  and  Operation.— The  Lessee  shall 
not  remove,  alter,  disigure  or  cover  up  any  numbering,  let- 
tering or  insignia  painted  or  otherwise  displayed  upon  the 
Equipment,  and  shall  see  that  the  Equipment  is  not  sub- 
jected to  careless  or  needlessly  rough  usage;  and  he  shall 
at  his  own  expense  maintain  the  Equipment  in  good  operative 
condition,  well  greased,  oiled  and  repaired  and  in  such  con- 
dition shall  return  it  to  the  Owner.  All  tools,  appliances  and 
appurtenances  furnished  with  the  Equipment  shall  be  re- 
turned therewith  in  good  condition. 
(Optional.) 

The  Owner  shall  furnish  the  following  operators  for  equip 
ment  subject  to  the  following  conditions:    

Article  VII.  Damage  to  Equipment.— The  Lessee  shall  in 
demnify  the  Owner  against  all  loss  of  Equipment  and  all 
damage  thereto  incurred  during  the  Rental  Period  from  fire, 
theft,  flood  or  any  other  cause;  and  the  appraisal  of  any 
such  loss  or  damage  shall  be  based  on  the  equipment  values 
herein  named  in  Article  I.  Any  public  carrier  transporting 
the  Equipment  to  the  Lessee  during  the  Rental  Period  shall 
be  an  agent  of  the  Lessee,  and  any  such  carrier  returning  the 
Equipment  to  the  Owner  shall  be  an  agent  of  the  Owner. 
Short  and  damage  claims  of  either  party  shall  be  made  known 
to  the  other  party  within  5  days  after  receipt  of  Equipment. 

Article  VIII.  Repairs. — The  Lessee  shall  bear  the  expense 
of  renewing  boiler  tubes  when  the  number  of  tubes  renewed 
in  any  one  boiler  during  a  single  calendar  month  is  loss 
than  5  per  cent  of  the  total  number  of  tubes  in  that  boiler; 
hut.  if  the  necessary  renewals  in  any  calendar  mouth  total 
more  than  5  per  cent  of  the  total  number  of  tubes  in  the 
boiler,  the  cost  of  such  renewals  shall  be  paid  by  the  owner. 
The  cost  of  all  other  repairs,  renewals  of  parts,  and  the 
rolling  of  old  boiler  tubei      ball  be  paid  by  the  Lessee. 

Alternate  Paragraph  Re  Boiler  Tubes. — If  in  order  to  con- 
tinue operation  it  becomes  necessary  to  renew  boiler  tubes 
in  any  equipment,  the  cost  of  labor  and  materials  used  in 
making  such  renewal  shall  be  adjusted  between  the  parties 
hereto  on  a  basis  ol  fifteen  months'  life  foi  the  now  tubes, 
and  the  Lessee  shall  pay  one-fifteenth  of  such  cost  for  each 
month  after  such  rent  that   the  equipment  Is  in  his  pos- 

session. The  cost  of  all  other  repairs,  renewals  of  parts  and 
rolling  of  old  boiler  lubes  shall  be  paid   b\   the  Lessee. 

Article  IX.  Liability  of  Lessee.  The  Lessee  shall  Indem 
nify  the  Owner  against  all  loss,  damage,  expense  ami  penaltj 
arising  from  an>  action  on  account  of  personal  injury  or 
damage  to  property  occasioned  by  the  operation,  handling 
or  transportation  Of  any  Equipment   during  the  rental  period. 

Article  X.  Inspection.— The  Owner  shall  have  the  right 
at  any  time  to  enter  the  premises  occupied  by  the  Equip 
menl  and  shall  be  given  fi..    access  thereto  for  the  purpose 

pectinn.   and    lie   shall    make   an    Inspection    immediately 

upon  return  oi  the  Equipment  such  Inspection  to  be  at  the 
Owner's  expense.  Any  loss  or  damage  to  Equipment  shall 
be  listed  and  notice  thereol   supplied  to  the  Lessee  within 


Article  II.  The  Rental  Period. —  The  rental  period  for 
any  article  of  equipment  shall  begin  on  the  day  following 
legal  delivery  of  that  article  to  a  public  carrier  or  a  carrier 
of  the  Lessee,  for  transit  to  the  Lessee,  or  if  delivered  directly 
by  the  Lessor  on  the  date  of  actual  delivery  to  the  Lessee, 
and  shall  continue  up  to  and  including  the  date  upon  which 
such  article  is  either  legally  delivered  to  a  public  carrier  for 
transit  from  the  Lessee's  work  or  is  by  the  Lessee  actually 
delivered  to  another  lessee  or  to  the  premises  of  the  Owner. 
The  Rental  Period  shall  be  the  only  time  during  which  the 
Lessee  may  become  liable  for  the  loss  of  or  damage  to  the 
Equipment 

Article  III.  Payment. — The  Lessee  shall  pay  rental  for 
each  article  of  Equipment  named  in  The  List  of  Equipment 
at  the  rates  thereby  indicated  for  each  article. 

Payi  tal    tor  each   month   shall   be   made  by   the 

Lessee  on  or  before  the  fifteenth  of  each  following  month  at 
the  Owner's  office  or  such  other  place  as  the  Owner  may 
designate  in  writing. 

Monthly  rental  rates  shall  not  be  subject  to  any  deduc- 
tions on  account  of  any  non-working  time  in  the  month  and 
the  amount  of  rent  payable  at  or  end  of  the 

Rental  Period  for  any  fraction  of  a  month  shall  be  the 
monthly    rental    rate,    prorated    accoi  the    number   of 

calendar  days  in   such   fi 

ly   rental   rates  shall   not   he  subject   to  deductions  for 

any   non-working   time   in   the  day   and  paid   for  each 

:  ir  clay  in  the  month  except   tint   rental  on   Equipment 

d  at  a  daily  rat  not  be  paid  toi  ad  legal 

holidays  unless  such  Equipment  I    used  on   )ucb  days. 

Daily  and  monthly  rental  rates  named  in  the  List  of  Equip- 
ment have  been  based  upon  tl  of  operating  equip- 
U  n  hours   per  day,  and   for  each   hour  over  ten   during 
which  the  Equipmi               EGULARLY  operated,  the  daily 
and  monthly  rates  shall  be  increased  three  (3)  per  cent. 

monthly  pi  equipment   lea  ed  on  b   unit  of 

work  basis  shall  be  the  number  of  units  shown  In  the  super- 

i  ie.   the  rate  per  unit. 
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ten  ilays  after  receipt  ol  the  Equipment  or  otherwise  the 
Lessee  shall  be  released  from  any  loss  or  damage  claims. 

Article  XI.  Title.-  Title  to  the  Equipment  shall  at  all 
times  vest  in  the  Owner  unless  transferred  to  the  Lessee 
through  sale.  The  Lessee  shall  give  the  Owner  Immediate 
notice  in  case  any  Equipment  is  levied  upon  or  from  any 
cause   becomes   liable   to   seizure 

Article  XII.  Termination  of  Agreement.  Should  the 
Lessee  default  more  than  thirty  days  in  any  payment,  or 
become  bankrupt,  fail  to  maintain  and  operate  or  return 
the  Equipment  as  hereinbefore  provided,  the  Owner  shall 
have  the  right  after  three  days'  notice  to  terminate  this 
agreement,  to  take  possession  of  the  Equipment,  and  to 
recover  from  the  Lessee  all  rental  due,  full  damages  for  any 
injury  to,  and  all  expense  incurred  in  returning  the  Equip- 
ment  to  the  Owner's  yard. 

Should   the  Owner  fail  to   ship   the   Equipment  as  herein- 
e    stipulated,    this    agreement    shall,    at    the    option    of 
the   Lessee,   become   void. 

Should  the  equipment,  upon  receipt  by  the  Lessee,  prove 
not  to  be  in  good  repair,  or  good  working  condition,  the 
Lessee  shall  within  five  days  so  notify  the  Owner  and  shall 
then  have  the  right  to  make  necessary  repairs  and  collect 
the  cost  thereof  from  the  Owner;  or  if  the  necessary  repairs 
cannot  be  made  within  reasonable  time  and  expense  as 
determined  by  the  Lessee,  the  Lessee  shall  have  the  right 
to  cancel  the  agreement,  to  return  the  Equipment  at  the 
Owner's  expense,  and  to  recover  any  monies  paid  to  the 
Owner. 

Article  XIII.  Insurance  Premiums. — The  Lessee  shall  pay 
all  premiums  for  fire,  liability  and  other  insurance  which  he 
may  carry  upon  the  equipment. 

Article  XIV  (Optional).  Bond. — The  Lessee  shall  furnish 
a  bond  with  sureties  satisfactory  to  the  Owner  to  the  amount 
of  the  total  value  of  the  Equipment  as  stipulated  in  the  List 
of  Equipment,  to  insure  return  of  the  equipment  in  good 
condition. 

Article  XV.  Sub-Letting. — No  Equipment  shall  be  sub-let 
by  the  Lessee,  nor  shall  he  assign  or  transfer  any  interests 
in  this  Agreement  without  written  consent  of  the  Owner. 
No  modifications  of  this  Agreement  shall  be  binding  upon 
either  party   unless   mutually   accepted   in   writing. 

Article  XVI-A  (Optional).  Optional — Should  the  total  con- 
tinuous rental  paid  to  the  Owner  for  any  units  of  the  equip- 
ment amount  to  one  hundred  and  fifty  per  cent.  (150%) 
of  the  value  of  such  units  as  stipulated  in  the  List  of  Equip- 
ment, no  further  rental  shall  be  paid  to  the  Owner  and  the 
title  of  such  units  shall  vest  in  the  Lessee. 

The  Lessee  shall  have  the  right  at  any  time  to  purchase 
any  part  of  the  equipment  by  paying  the  difference  between 
the  total  continuous  rental  already  paid  and  one  hundred 
and  fifty  per  centum  (150%)  of  the  value  given  in  the  List 
of  Equipment,  and  payment  of  such  difference  shall  be  made 
upon  such  terms  as  the  Lessee  and  the  Owner  may  decide. 

Article  XVI-B  (Optional).  Optional  Clause.— Should  the 
Lessor  agree  to  sell  and  should  the  Lessee  agree  to  buy  any 
article  of  equipment  prior  to  surrendering  possession  thereof, 
the  purchase  price  of  any  such  equipment  shall  be  the  value 

stated  in  the  List  of  Equipment  and per  cent  of  the 

rental  paid  on  such  articles  shall  apply  as  payment  therefor 
and  the  remainder  be  paid  as  the  Lessee  and  the  Owner 
may  agree. 

WITNESS  the  hands  of  the  parties  hereto  the  day  and 
the  year  first  above  written  all  in  duplicate. 

WITNESS     

WITNESS     


Santa  Fe  System  to  Spend  $43,000,000  for  Improvements. 
— The  expenditures  for  repairs  and  improvements  of  the 
Atchison,  Topeka  and  Santa  Fe  railway  in  1922  will  be 
$43,150,000,  an  increase  of  $8,150,000  over  the  amount  spent 
in  1921,  according  to  a  statement  made  public  last  week  by 
W.  B.  Storey,  president.  The  principal  items  for  which  the 
money  will  be  spent  are  the  construction  of  an  additional 
main  line  track,  $6,662,298;  a  branch  line  from  Satanta,  Kas., 
to  a  point  55  miles  west,  $1,400,000;  bridges,  trestles,  and 
culverts,  $1,512,893;  stations  and  office  buildings,  $1,056,639; 
rails,  $1,101,S6S;  shop  buildings,  $1,041,350.  If  conditions 
were  normal,  Mr.  Storey  declared,  the  road  would  spend 
$60,000,000  annually  for  three  years  on  improvements. 


New  Types  of  Small  Electric  Shovels 

The  successful  operation  of  electric  shovels  up  to  12  tons 
capacity  having  established  the  practicality  of  electric  drive 
for  this  class  of  machines,  the  Marion  Steam  Shovel  Co., 
Marion.  O.,  has  recently  developed  three  new  types  of  small 
revolving  electric  shovels,  with  capacities  of  %,  1  and  1% 
cu.  yd.  respectively.  They  were  designed  to  meet  the  de- 
mand for  a  small  electric  shovel  for  work  on  street  or  road 
construction,  in  quarries,  open  mines,  lumber  reclamation 
work,  and  other  places  where  the  steam  shovel  is  either 
impractical  or  undesirable.     The  electric  generators,  motors 


Marlon   Electric  Shovel,  Stripped  to  Show  the  Interior  Arrangement 
of    the    Hoist    and    Swing    Motors,    Etc. 

and  control  equipment  are  of  the  General  Electric  Co.  type. 
Ordinarily  the  shovels  are  equipped  with  the  Marion  "crawl- 
ing traction,"  but  they  may  be  supplied  with  wide  traction, 
or  standard  railway  wheels  instead  if  desired. 

The  new  shovels  carry  their  own  generating  plant,  of  which 
there  are  two  varieties,  gasoline  engine-driven  electric,  or 
straight  electric.  The  two  smaller  types  may  be  equipped 
with  either  class  of  power  plant,  but  the  1%  yd.  ones  always 
have  the  straight  electric.  The  gasoline-electric  plant  for 
the  smallest  shovel  consists  of  a  53  HP.  (S.A.E.)  4-cylinder, 
4-cycle,  heavy  duty  Matthews  gas  engine  directly  connected 


Revolving    Type    Electric    Shovel 


Cu.    Yd.    Bucket. 


to  a  250-volt,  compound  wound  D.C.  generator.  That  for  the 
larger,  or  1-yd.  type,  is  of  the  same  design,  but  of  greater 
capacity. 

The  electric  power  plants  also  vary  in  horse  power  for 
the  different  capacities  of  shovels,  although  the  general  lay- 
out is  the  same  in  all  cases.  They  consist  of  an  induction 
motor  of  40,  50  or  75  HP.,  as  the  case  may  be,  driving  a  250- 
volt  shunt  wound  generator.  The  primary  current  is  usually 
440  volts,  60  cycle,  and  is  brought  to  the  shovel  by  means 
of  a  specially  wound  and  insulated  cable.     Since  the  shovels 
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Blip   ling   arrangement   is   used    to   transmit 
the  current  to  the  main  pari  ol  thi 

rhe  motoi  ;it  electric  power  la  in- 

ogeable  with  the  i  enerator  set  on  the  two 

smaller  types,  bo  that  it  is  pot  shovel  from 

another  it  conditions  q<  The  floor 

•  imenl  is  tiio  same  tor  each,  but  are  speciallj 

arranged  to  accommodate  the  respects      Beta,   providing  an 

absolutely  rigid  Bupporl   tor  them. 

rhe  salient  feature  in  the  design  ol  la  is  the  use 

rati  motors  tor  .;n  h  motion  With  the  new,  Indepen 
dent  drive,  all  the  power  is  applied  directly  where  and  when 
n  is  needed,  and  there  is  no  wa  running  Idle     The 

construction  as  well  as  the  pi    •  baracteristlcs  are 

maintained  as   nearly  as  possible  t<>  those  of  the   standard 
steam  shovels. 

Phe  motors  used  on  the  various  motions,  Bwing,  bolsl  and 
crowd  are  all  Berles  wound,  mill  type,  230-volt  D.C.,  varying 
in  horse  power  according  to  the  size  ol  the  shovel.  A  motor- 
driven  air  compressor  which  furnishes  air  tor  the  hoisting 
clutch  and  crowding  brake  is  located  at  the  front  of  the 
upper  Irani.'  on  the  side  opposite  the  i  ontrol  levers     T1 

is  started  and  slopped  automatical]}  b>  means  of  a 
pressure  governor. 

The  control  equipment  in  all  cases  consists  of  reversible 
drum  controllers  with  vertical  handles  and  suitable  resisters. 
The    latter    are    of   a    new    and    Improved    typo,    especially    de- 

signed  to  withstand  the  severe  vibration  encountered  in  this 

class    of    service.      In    addition    the    hoist    and    crowd    circuits 

are  protected  by  a  contactor  and  a  relay  which  cuts  a  large 
sistance   Into  the  circuit   In  case  a   stalling  load 
is  encountered. 

This  protective  relaj  panel  Is  a  special  feature  of  the 
control  equipment.  It  is  designed  to  protect  both  the  motor 
and  the  generator  from  damage  when  a  heavy  rock  or  other 
obstruction  that  overloads  the  motor  is  met  with.  Instead 
of  merely  breaking  the  circuit .  as  is  the  case  with  most 
ad  protective  devices,  11  Inserts  enough  resistance  in 
the  circuit  to  limit  the  c  sale  stalling  value.     To 

automatically    reset    it.    and    cut    the    resistance    out    of    the 
circuit,  the  controller  is  turned  back  to  the  second  point. 

The  Hire,-  operating  handles  tor  the  drum  controllers  are 
located  on  the  left  side  of  the  front  end  of  the  shovel,  close 

in     30   that  the  operator  has   a   char   view    of  the 

i    controller    has    five   operating   points    in   each 

direct!  n  to  work  with  the  minimum  amount 

the  part  of  the  operator.     The  starting,  plugging 

and    protective   resisters    have   been    designed    for   minimum 

requirements,   hut   with   ample   capacity   for  the  most 

forking   conditions       The\    are    mounted    beneath    and 

Inside   tin-  shovel   at  the  most   convenient    point    compatible 

with  a  simple  and  accessible  wiring  scheme 


Precautions  for  Handling  Creosoted  Pile 
in  Wharf  Construction 
Suggestions  for  preventing  damage  to  creosoted  piling  in 
handling  and  in  construction  in  marine  structures  are  given 
in  the  second  progress  report  of  the  San  Francisco  Bay 
Marine  Piling  Committee,  presented  at  the  18th  annual  meet- 
ing of  the  American   Wood    Preservers  Association,  held   at 

I'hicago.    Jan     24-26.      The    notes    following    were    taken    from 

port 

Specifications   and    Inspections.— It  should    be   obviou 

Icatlom    and    inspections    should    be    co-extensive.      The 

imparal  valueless  unless  inspec 

ugh,  and  of  sufficient  scope  to  Insure  that 

■  ith.     With  respect  to 

piling  this  should  follow    through   the   supply  and  preparation 

of  the  piles,  their  transfer  from  source  of  supply  to  site,  their 

handling  to  ;  ind  finally  their  driving  and  fastening 

in  the  completed     nurture.     The  suggestions  herein  offered 

sunned    to  creosoted    piling.     The   committee   believes 

its  is  t,i  have  inspection 

idling  for  final  acceptance  done  as  it  hangs   in 

..,!,.■!,     even     defeel     may    be    seen    and 

ii-  d 

Preparation    and    Treatment.     Creosoted    piling    Bhould    be 

,      ai  the  .  reosoting  plant,  as  to  the  dimeu- 
f'orm    and    condition    of    the    piling    used,    and    during 

"-    'I Us.     t,,       ee    tint    ■ 


from   adulterants  and  otherwise   fulfill  specifications,  and  as 

to  the  penetration  of  the  piling  by  the  oil  as  required.     Creo- 

piles  should   be   bored   in   the  course  of  inspection,   in 

lance    with    the    tentative    specifications    presented    in 

this  report. 

Handling  Creosoted  Piling.  After  having  the  piling  prop- 
erly   treated    it    is    equall;     I rtanl    that   it   be   carefully 

handled  from  the  treating  plant  to  the  job.  Too  much  em- 
phasis cannot  be  placed  on  the  handling  and  care  of  creo- 
soted piling,  ( nice  the  outer  protective  shell  is  penetrated 
the  value  of  the  pile  is  large!}  destroyed  unless  the  defect 
is  repaired. 

Recenth     a    pile-driving    crew     in    this    hay    had    a    raft    of 

dogged    in   the   center   of    Hie    raft.      As   the 

raftsman  worked   the  piles  out  of  the   rati    up  to   the  driver, 

e  drove  the  dogs  into  the  piles  at   live  different  points  in 

their  length.  It  has  been  a  common  Bight  to  see  rafts  of 
i  reosoted   piling   dogged   diagonal!]  !.    pile   being 

ged,  as  the  holes  made  by  the-  dogs  are 
rarely  plugged.  The  dog  is  by  far  the  worst  enemy  of 
creosoted  piling,  as  is  definitely  shown,  it  Is  believed  for 
the  first  time,  in  lie  service  record  report  of  the  Bo. 
State  Harbor  Commissioners  which  has  been  presented  in 
this  report.  Their  us.-  should  be  unconditionally  prohibited, 
i  i  pi  within  specified  distances  of  either  end  which  will 
allow  ample  margin  t<>  protect  the  water  section  of  the  pile. 
When  creosoted  piles  are  prepared  for  towing  considerable 
distance  boring  and  reeving  should  be  the  only  method  of 
fastening  allowed.  The  ax.  the  pike  pole  and  the  peavie 
also  cause  much  damage  The  holes  left  by  sinking  an  ax 
in  the  piling,  as  is  frequently  done  in  handling,  are  much 
like  those  caused  by  the  dog.  and  are  particularly  dangerous. 
The  use  of  pike  poles  and  peavies  should  only  be  permitted 
when  their  points  are  blunted.  The  use  of  boat  hooks  (lut- 
ing inspections  by  row  boat  or  raft  is  also  a  source  of  con 
siderable  damage  to  treated  piles  in  place  and  should  be 
prohibited. 

Driving  Creosoted  Piling. — Again  it  is  necessary  to  take 
precautions  against  tin  puncturing  of  the  protective  shell 
with  pike  poles,  peavies.  axes,  etc.  Tnfortunately  men 
handling  creosoted  lumber  and  piling  do  not  appreciate  the 
necessity  for  preserving  the  protective  shell.  Eternal  vigi- 
lance is  the  price  of  a  good  job  in  t! 

One  of  the  most  Important  duties  of  the  pile-driving  crew- 
is  to  drive  the  piles  without  puncturing  the  protective  shell. 
There  is  always  danger  of  checking  the  piling  under  the 
hammer.  In  using  a  steam  hammer  it  is  well  to  use  piles  of 
a  minimum  butt  diameter  of  14  in.  This  permits  tie  pile 
to  be  headed,  trimming  off  all  creosoted  material  so  that  the 
plate  upon  which  the  plunger  strikes  rests  entirely  on  un- 
treated wood  and  is  not  so  likely  to  cause  checking.  On 
rocky  bottoms,  where  there  is  little  or  no  mud,  great  care 
must  he  taken  not  to  spill  the  pile.  This  can  be  done  by 
avoiding  hard  driving,  and  bj  the  use  of  various  types  of 
teel    ihoe  i  and  pis 

Cutting  Off  Piles.  Creosoted  idling  should  not  be  cut  off 
below  high  water  line,  thus  exposing  untreated  wood  to  at- 
tack bj  borers,  If  it  can  be  avoided  Evei  ipplng, 
where  piling  is  cut  near  to  high  water  level,  ma>  permit 
Limnoria  attack,  if  water  can  settle  where  it  does  not  run 
..it  Furthermore,  decaj  frequentl]  occurs  in  the  untreated 
Interior  of  piles   when   thej    are  cut   oft   at   anj    level  above 

high    water.      Whenever    piles    ate    CUl    off,    therefor.,    the    un 

treated    wood    should    be    protected    by    thoroughly    painting 

the  tup  of  the  cut-off  portion   with   1  \l.ove  the 

line,  a  further  eating  of  thick   asphalt  ma>    be  applied, 

to  prevent  the  penetration  of  moisture;  below  water  line  the 
access  of  borers  can  be  prevented  by  covering  tightly  with 
sheet  copper. 

Bracing,  Ribbing,  Etc.  The  only  safe-  way  is  to  have  all 
bracing,  ribbing  and  other  construction  attachments  well 
above  high  water.  Where  this  cannot  be  done,  dapping  the 
piles,  which  exposes  Untreated  wood,  should  be  prohibited, 
except  where  it  is  absolutely  unavoidable,  letting  necessary 
.  utting  or  framing  be  done,  so  lar  as  possible  on  the  pieces 
to  be  attached  to  the  idle,  since  they  are  cheaper  to  renew. 
ih.  braces,  ribbing  and  other  attachment  members  should 
be  creosoted  if  they  will  be  exposed  to  borer  attack,  and 
all  boring  and  framing  which  can  possibly  be  done  In  ad- 
vance should  be  done  before  the  members  are  creosoted. 
Otherwise  all  such  holes  or  framing  cuttings   should  be  well 
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swabbed  with  hot  creosote  before  putting  the  parts  into 
the  construction.  All  holes  for  bolts  or  pins  should  be  bored 
not  larger  in  diameter  than  the  bolt  or  pin,  to  insure  a 
driving  lit.  This  will  prevent  borers  from  entering  the  bolt 
holes,  so  far  as  it  is  possible  to  provide  against  it. 

Fender  Lines. — Fender  lines  are  always  constructed  of 
wooden  piling,  usually  untreated  in  this  region  but  some- 
times treated.  Connections  to  treated  piling  below  the  water 
line,  where  such  connections  expose  untreated  material, 
are  dangerous.  Bolt  and  spike  holes  provide  a  ready  means 
for  borers  to  enter.  Where  it  is  necessary  tn  bore  holes  in 
creosoted  fender  piling  the  holes  should  be  bored  for  a 
driving  fit,  as  above   indicated   for  bracing. 

Repairing  Damaged  Piles. — When  a  treated  pile  is  dam- 
aged it  should  be  immediately  repaired.  Holes  should  be 
plugged  with  creosoted  material,  and  where  repairs  cannot 
ade  in  this  way  the  damaged  place  should  be  covered 
with  sheet  copper.  The  Board  of  State  Harbor  Commission- 
ers have  recently  been  filling  such  holes,  as  well  as  those 
of  the  initial  attacks  of  Limnoria  working  in  them,  with 
cement  mortar.  It  is  too  early  to  judge  the  effectiveness  of 
the   method,   but   it  looks   promising. 


in 


San 


Marine    Borers    and     Structures 
Francisco  Bay 

For  the  past  two  years  a  committee  working  under  the  joint 
co-operation  of  the  Forest  Products  Laboratory  and  the 
American  Wood  Preservers'  Association  has  been  investi- 
gating the  effect  of  marine  borers  on  structures  in  San  Fran- 
cisco Bay.  The  first  progress  report  of  the  committee  was 
presented  last  year  at  the  annual  meeting  of  the  associations. 
An  abstract  of  the  report  appeared  in  the  March  16,  1921, 
issue  of  Engineering  and  Contracting.  At  the  1922  meeting 
of  the  association  Jan.  24-26,  a  second  progress  report  was 
submitted.  In  this  later  report  the  conclusions  given  in  the 
previous  one  are  restated,  with  modifications  which  seemed 
to  be  required  as  the  result  of  the  year's  work.  The  conclu- 
sions follow,  all  changes  of  wording  from  that  used  in  the 
1921  report  being  indicated  by  italics: 

<!)     Marine  borers  are   verj    active   In   San   Francisco  Baj    and 

Led    waters,  and    in    places  where  their  attack   is  severe  will 

.    untreated  piling  in  as  short  a  time  as  six  to  eight  months. 

In    other    places    the    untreated    piling:  may   last   from    two   to    four 

years. 

(2)  The  information  secured  indicates  that  it  is  reasonable  to 
expect  a  life  of  live  to  eight  years  from  paint  and  batten  protec- 
tions In  sheltered  waters,  if  the  work  is  well  done.  If  it  is  not 
well  done,  or  if  the  covering  is  damaged  by  careless  handling  or  if 
unprotected  wood  is  exposed  by  mud  scour,  this  range  of  life 
cannot  be  expected. 

(3)  The  data  so  far  in  hand  indicate  that  it  is  fair  to  expect 
tad  Douglas  fir  piling  in  San  Francisco  Bay  to  give  a  life  of 
15  to  20  years  under  present  conditions.  Certain  piles  are  of  au- 
thentic record  from  the  Oakland  Long  Wharf  which  were  sound- 
when  removed  after  a  service  of  29  years.  Poor  treatment,  or  dam- 
age to  creosot'il  piling  by  careless  handling,  rafting,  storage  or 
construction,  wilt  materially  reduce  the  life  which  might  otherwise 
'..    rendered  by  such  piling. 

(4)  Most  of  the  attack  on  creosoted  piling  by  marine  borers, 
which  the  committee  has  observed  throughout  this  survey,  appears 
to  have  begun  In  spots  where  untreated  wood  has  been  exposed  by 
damage  in  handling  the  piles  or  placing  the  superstructure.  It  is 
urgently  recommended  that  improvements  be  made  in  the  methods 
<>f  handling  creosoted  piles  and  building  structure:  upon  them,  so 
that  damage  to  the  surface  of  the  piles  may  be  reduced  to  a 
minimum. 

(5)  Precast  reinforced  concrete  piles  and  pile  casings  have  not 
been  in  use  in  San  Francisco  Bay  a  sufficient  length  of  time  to 
determine    their   ultimate   life.     A    detailed    examination    of   those 

res  which  have  been  in  service  for  10  years  shows  no  evi- 
dence of  deterioration  below  high  water  line,  and  they  seem 
of  a  Inns  further  life.  The  length  of  life  to  be  expected 
from  this  type  of  construction  is  largely  dependent  upon  the  quality 
of  materials  and  workmanship  and  the  skill  and  care  with  which 
they  are  employed;  and  any  laxity  in  these  particulars  will  ma- 
terially shorten  the  length  of  service  which  may  be  secured. 

(6)  Reinforced  concrete  cylinders  cast  in  open  caissons  have 
been  in  use  for  twelve  years.  Although  the  average  life  of  many 
earlier  cylinders  has  been  considerably  shortened  by  construction 
defects,  these  cylinders  with  minor  repairs  still  aire  promise  of  a 
long  period  of  service.  Similar  cylinders  designed  and  constructed 
in  accordance  with  best  modern  concrete  practice  should  con- 
stitute a  type  of  construction  only  excelled  for  longevity  by  solid  fill 
or  mass  concrete. 

(7)  Cast  in  place  concrete  pile  jackets  may  be  expected  to  give 
satisfactory   results   if   properly   constructed   of   suitable   materials 


"'"'   ''  lusion   of  sea   water   from 

fort,,.*.      The  difficulties  of  this  type  of  construction,   however,  are 
>f    sn,h    a    nature    that    the    probability    of    securing    .,    ma 
length  of  life  is  less  than  in   the  cas,-  of  precast  con. 
pile  casings.     (No.  6  in  last  year's  summai  i 

i  si     Copper  sheathed  piles  ho  satisfa^tfmi 

itions    ah,,,    dama0(    from   abrasion   and   theft    aan    be    mm 
imieed.    such  piles  carefully  prepared  and  handled  fail  into  th< 
Oi    I"  st    surface   protections,    when    used   under    the   conditions  indi- 
cated. 

(9)     The   selection  of  a  type  of  piling  or  pile   protection   for  a 

given  structure  must  be  made  upon  the  basis  of  cost  and  i a 

nence  of  the  materials   under  consideration,   the  character   ol    thi 
structure  and  the  probable  need  for  future  alterations  to  in. 
■hang  nig  requirements  of  commerce.     When  a  comparatlveL 
increase  over  the  life  of  untreated  wooden  piling  is  sufficient,   the 

protections  will  often   be  found  economical   in  waters  not 

exposed  to  severe  storm  action;   if  a  moderately  Ions  phyi  nil    lit. 
i  i  ng    the  average  economic  life  of  marine  structures   in 

this  harbor  is  desired,  a  good  creosote  treatment    will    ,. 

iii.    lowesl   annual  cost  so  far  as  present  knowledge  goes;   ndi 

lions   warrant    building  for  the  greatest  permanence,   with    li 
tor  first  cost,  concrete  construction  7ms  shown  a  high   oi 

'Ins    harbor.      For  the  protection    from    further    d ai r   wooden 

piles  already  in  place  and  showing  attack  by  borers,  not  yet  severe 

enough   to  require   condemnation,    the   concrete  .asm 

poured  in  place,  is  the  only  means  of  salvage  so  far  found   l.      n 

committee. 


Two  Largest  British  Railway  Systems  Merged.— The  two 
greatest  English  railroads,  the  Midland  &  London  and  the 
Xorthwestern,  have  been  merged.  Each  has  a  capital  of 
£205,000,000  (roughly  ($871,250,000),  and  together  they  own 
14,122  miles  of  track  and  S.000  locomotives.  The  amalgama 
tion  is  a  result  of  the  government  grouping  of  railwa 
administrative  purposes  and  is  simply  anticipating  making 
a  closer  union  which  would  be  enforced  later.  The  admin- 
istration will  be  concentrated  at  Euston  station,  London,  and 
great  economies  are  expected  to  be  brought  about. 


News  Letter 

ST.   LOUIS   ITEMS. 
By  A.    E.   Koenig. 

Walter  Lonergren  wants  to  sublet  25.000  yd.  of  state  road  work 
at  Jai  ksonville,  III. 

Cameron,  Joyce  &  Co.  were  also  awarded  68  miles  of  state  road 
work    In    Minnesota  / 

Briggs  &  Drew  Co.  have  started  work  on  their  drag  line  con- 
tract near  Carrollton.  Mo. 

Win.  List  took  a  trip  to  Honduras  the  other  day  to  look  over 
his   work   in   that  country. 

J.  L.  Moss  has  21,000  yd.  of  slip  and  fresno  work  on  State  Road 
to  sub-let  at  Keithsville,   Mo. 

Henry  Rees  &  Sons,  Quincy,  111.,  secured  contract  for  putting 
in  sewers  and  pump  pit  at  Bellwond,  111. 

A  complete  list  of  Missouri  State  Highway  work  to  be  let  is  on 
file  at   Koenig's  Labor  Agency,   St.  Louis. 

The  L.  J.  Smith  Const.  Co.  of  Kansas  City  have  3  splendid 
steam-shovel  and  standard  gauge  outfits  idle. 

J.  L.  Keller.  Route  10,  Emporia,  Kan.,  writes  us  that  he  desires 
i    lob  suitable  for  a  20  team  and  machine  outfit. 

Win.  Brothers  will  finish  his  levee  work  at  Warsaw.  111.,  shortly. 
Wants  to  place  this  outfit  on  road  or  levee  work. 

K  S.  L.  Construction  Co..  Marlin,  Tex.,  has  just  completed  4 
•  ridge  and  culvert  jobs  in  Texas.  Report  3  complete  concrete 
outfits  idle  that   tiny  can  place  on  work  immediately. 

Bob  Morris  passed  through  here  on  his  way  from  Fairhury. 
Neb.,  to  Benton,  111.,  where  he  is  going  to  take  charge  of  Tom 
Wiggins'  drag  line  work 

Robert  Oliver  &  Co.,  4400  Gibson  Ave.,  St.  Louis.  Mo.,  have 
1  i,000  yd.  of  grading  on  State  Road  in  ftawls  County.  Missouri,  to 
sub-let. 

J.  It.  Recce  of  the  Capitol  Const  Co.,  Des  Moines,  la.,  was  here 
trying  to  scare  up  a  steam-shovel  or  a  grader  job  for  their  outfit 
which  is  idle  in  Iowa. 

Al  Gilliand  will  finish  his  road  job  at  Benton.  III..  In  a  little 
while.  Is  looking  around  for  a  grading  job  suitable  for  a  25  team 
outfit. 

Otto  Piffel,  345  Calvert  Ave  ,  Webster  Grove.  Mo.,  has  a  0  team 
outfit  idle  that  he  would  like  to  place  on  some  work  in  this  neigh- 
borl I, 

Contractors  when  in  want  of  labor  or  work  for  their  outfits  write 
Koenig  Lahor  Agency.  012  Walnut  St.,  Si.  Louis.  Mo.,  or  501  Dela- 
ware St..  Kansas  City,  Mo. 

Tom  Joyce  of  Cameron,  Joyce  &  Co.  spent  a  few  weeks  at  Hot 
Springs.  Tom  returned  the  other  day  looking  and  feeling  bettei 
than   he   ever  did    in    his    life. 

Cameron.  Joyce  &  Co.  were  awarded  160,000  yd.  of  grading  and 
12.000  yd.  of  concrete  and  culverts  in  Alexander  County,  11!  Sub- 
let the  grading  to  Lane  and  Malonev. 

Frazier-Davis  Const.  Co.,  1170  Arcade  Bldg.,  St  Louis.  Mo., 
have  27.000  yd.  of  grading  on  state  road  east  of  Mascouth,  111.  This 
!s  short    haul  and  a  nice  job  for  about  a   10-team  outfit. 

Mayor  Gardner  of  Little  Rock  is  working  on  plans  for  repairing 
and  improving  Eighth  street  viaduct,  and  that  it  is  his  plan  to 
award  a  contract  for  necessary  work  on  the  structure  as  soon  as 
practicable. 

The  contract  for  completion  of  a  Catholic  Orphans  Home  at 
Alton.  111.,  for  the  Alton  diocese,  was  let  to  the  Wimmer  Const. 
Co.  of  St  Louis.  There  were  nine  bidders.  The  successful  bid 
was  J311.443. 

Up  to  the  present  writing  contracts  for  grading  and  double 
tracking  the  Missouri  Pacific  R.  R.  between  Kirkwood  and  Pacific. 
Mo.,  have  not  been  awarded.  Bids  were  opened  on  Jan.  3rd  and 
forwarded  to  New  York  for  approval. 
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netting  una  Contracting  foi    February   15,   n<: 


N     \.m    Buret 
good  [r.iin  i.imit  idie.    la  In  the  market  i  idlng 

w  is  il  unisb  i  . 

A  irch  1st  and  mliea  .-t  su 

■ 
work 

Ml. 

-i   known  engineers  in  U  appointed  bj 

member  ot  u,.     \ . 
u     a     Pali  01  ■  i 

li  Rail I  Co.  has  I  bj   the  Ullnol 

In  the  hard  I,   111.     In 

cod  Jan.   19th  thi 
I   a    within    thirty   days   and    the 
compleli  i   bi  rore  An- 

'i  he   ,  ;.  •  awarded  the  contrat  t   i-" 

bill  i ...Li  bi  ' « i 

■  i  o      true!  i  ontract   pro  I 

,    j  d    ol    macadam  -    yard  and 

yd.  ol   concrete  gutter!!  yard      \\  ork 

runt. 
The   •  iperlence  ol  centuries  ol    Europi 
roada  by 

.mmlsalon,    who    will    sail    for    Eut 
trip      Gary   will  devote   most   ol   his   stud]    b  md    English 

endi     to   examine    European   roada   with   the   object 
•  ■  Iticatlons   toi  e  roads  for  Mil 

SoUII. 

\  belt  line  connecting  the  Arkansas  Vallej  with  si 
11   Hutchinson,   Kan.,  .mil   nrovldlt  foi    the 

Uidiand  \  allej  .  <  irlent  and 

Hutchinson    Interurban    railway    Is    backing    the 
1        ard  Cat  if  thi    companj ,  has 

none  to  Chicago  to  confer  with  Rock  Island  . .HK-uiis  regarding  the 
matter. 

jami      D.  McCarthy  of  B  ntrai  l 

fur  paving  District   10,  Beardstown,   111.,  when  he  submitted  a  pro- 
posal amounting  to  (119,241  bi  tlmated 

I 
inn  the  west  end  of   Main  lion  of  Fourth  su-- 

of  the  C     B    &  Q    R.  R.  tracks.    0  submitted  exceeded 

. .  mini    County   ai"i  urts    mel    with   Hie 

i  i  fay  Association  at  the 

Osage    R  een   miles  nortl  dorado   Springs,   Mo., 

on  Jan.    17U>,  Ige   approved    bj    both 

courts    last    month.      The   site   was    pronounced    as    being    the   best 
my  piace  on  the  river.     The  courts  jointly  ordered   that 
the  state  highwaj    department  make  plans  immediately  for  letting 
the  contract 

The   park  board  of   Kansas  City,   Mb.,   awarded   the  cont  i.i' 

conslri.'  ting  Benton    Bouli  - 

arkway,   to   M.    E.    Gillioz  of  Monett,   Mo.,   for 

Work  "u  the  bridge  will  begin  within   two  weeks.     The 

:    provides  for  a  bridge  488  ft.   long,  68  ft.  wide,  to  be  built 

with    cut    Btone    pylons   and    hand    rail.      The-    specillcations   require 

that  the  work  be  completed  by  Jan.  l.  next  year.    A  $200,000  bond 

issue  was  voted   two  years  ago  to  pay  for  the  construction  of  the 

bridge. 

Alexander   Maitland,    president  of  the  Kansas  City  Bridge  Com- 
'ianv,  now  looms  as  a  '"ice  of  the  democratic  bosses  for 

Mayor   ol    Kansas   City  at   the   election     Vprll    I.     It   is   understood 
that    Mr.   Maitland    If  the   matter   favorably.      In   April 

Mr.    Maitland   becomes  one  of  the  bipartisan   water  commission   to 
Ol    the  City    water  works,  and  will  be  one  of  the  four 
iiie  new   11  million  dollar  water  plant,   if  approved  by 
the   voters   a:    the   next    city   election.     He   served   last   summer  as 
bitratlon  board  in  the  building  trades  wage  con- 
trol ersy. 

The  Missouri  Pacific   It.   R.  has  hail  prepared  a  new  set  of  plans 

ii  al    Texarkana  and  will 

be  ready  for  submission  for  approval  to  the  Chamber  of  Commerce 

and   the  Texarkana  Freight    Bureau   within   the   next    two   or  three 

submitted    several    weeks  ago  did    not   fully   satisfy 

the   people,    hence   the   new   plans.      It    Is    said    thai    the    new    plans 

tation    about    eight    feet    farther 

l    In   the   first    plans.     According   to   the 

plans,    the    new   structure   will   be   commodious,   modern   In   all   Its 

-en  $550,000  and  $600,000. 

It    is   expected    tliai    work   on   a    new    railroad   bridge   across   the 

load  will  be  started  by  the  Mlssoui 

next   few  weeks  for  the  construction 

.     already  received  the  approval  of  the  War  De- 

np    a   start    on    the 

i      eve   this   is   a  part   of   the   plan   of  tl 

■  :  >  possibly  double  track  the  line  between  Jef- 
ferson  City  and   St.   Louis,  and     I  d   that   the  br 
be   constructed    will    be   such    as   to   care    for   the   doul ill     tracl         [I 

-    a   new   bridge  will  be  construct 
Osage  River  at  Osage  City  within   the   next   few   months,   as   that 
(Hi     lis  Of  tl  "  sired    to   im- 

i  mlslson  In  a  regular  meeting  at  Jeffer- 

.  .!      i.i  .  i  "     miles     of     In 

'  n.liture  of   more    than    $2,1 I rdlng   to 

Inforr  d   from   the   State   Highwaj    Department.     The 

B  miles  ol 

1 1  aid  projects 

as  well 
as  the  !  come  under 

•"  carry  out 
lad  law     Thi 
lects. 

Personals 

A.   H.  Chambers  h  '  r   Ol    Logan,   Utah. 

Matthew  Graham   ;  Itendenl  of  the  mu- 

Capt.    Ralph    Ralnsford   of    New    York 

..f  the  Philadelphia  Co    and  afBII  to  suc- 

■  tii   it.  Toronto    I'anada. 

Harvard     I'nlverHlty        II- 

■  •■  Guggenheim    h 


'   I American  Smelting  .\    Refining  Co.     Until  recently 

v'.  kM   x'"    '"','M"*'1"   ot    the   w-    u    Rlcharoa  Company   ot   .New 
G.   G.   Martin  of  Greenville,    Pi  been  appointed  supervisor 

pi    tracks   on    the    Bessemet    -\     Lak<     Erie    R.    K.,   auccei      I 

Haun  ol  Grove  City,   wl 

George  W.   Kable,  agricultural  Benton  County,  Oregon, 

has  bei  ultural  College  at  forvallls, 

'  ''e  ■  W  head  a  m  w  line  oi  ■   di  iin  igi     peclahst. 

w.   t-.  heni,  hereto  on  i  nginet  i   ol  the  Penn- 

v  Ivanla  R.  it  .  at  Grand  Rapids,  Mich.,  has  bi 

""     roledo  division      li     I.    Ro  him  at  Grand 

D.  C.   Fensterma*.  i  ppolnted   principal  assistant  en- 

1  Iwauki  •     &    St.    Paul    i:y.     He    will    be 
and    win    h. no n,       'i.  i,    in., tiers   as   may    be  aa- 
■      ■ 
W.    P.    Graham,    formerlj     I  .  in    of   the    L.    C.    Smith   Colli 

Vn Scienc.  ise,  N.  Y„   ha 

.i  pointi  .1    Ai  ting    Vice  Cnancelloi  i 

■    ' '  '  '-11  Eng nted  Ai  imn  I  lean 

R.    F.    BushiT   has   resigned   rrom    hit:    posli  chlel    of  the 

and   Stattstli  rvlci    i-ommls- 

i    Pennsylvania   and   has  enterei  ..f   public  ac- 

i    • 
Charles  Russ   Richards.  Dean  ol    the  '  ol.ege  ol    Engineering  and 

1  '  '■  '  :i"   "'   '!"    I  •■] tital  En  be  Un 

of  I  as  b.  en  electt  6  ■  i,  iniversity. 

da    i '.     li.  nrj    s     i  u  Inki  ..    v.  ho   n  tired    more 

than  a   yeai     ,i,.,,i    Emeritus.     Mr.   Richards  is 

•  i    years   old  and   was  graduated   from   Purdue   University   in   1S90 
■'     "  i"ii     he     i"  .   urn     an     Instructoi     in     i  ,. 
■    ■  '  he "."    i      '  ultural  i  lolli    ■ 

until    1911,    when    he    Wl  in 

■    has  been  a  nnei  ted  with  tl 
Edwin   F.  wendt,  n    Ineer,    has  opened  an   office  at 

1  .' "ii  lrusl  Co.   Bldg.,  Washington,  D.  C,  tor  the  gen- 
ral  prai  nni  cl ....  wit  h  valual  io 

dation   and   i.  gulal  I.  n   ol    railroad  i  t   lines 

and  other  com n  .  rties.     ii.    was  member  engineer- 

ing   Board,    Bureau  Commerce    Commis- 

sion,  in   charge  of  th.  from  May   l.   1913,   to  Oct. 

31,    1921       Mr     w,  n.ii  with  highest 

In    1888,   and    was      warded   the   honorary  degree  of   Doctor 
1913  n  he  entered  thi     ervice  of  the 

Pittsburgh  <».    '.  Pittsburgh,   Pa.,  and   was,   until 

he    entered    governim  engineer    In    charge,    in    various 

construction  and  maintenance  work.     He  was  a    i 
■i   "i    N--  w   Fork  i  I  ngineering  Committee,   1907-1918; 

member    ol    mission    to    Inspect    the    Government    railroad    in 

Alaska   in    1  PIT. 

Industrial  Notes 

The   Rathbun   Jon-.-s   Engineering   Co.,   Toledo.   O..   has  app. 
the  IngersoU   Eland  Co.,  Nev         rk,  general  sales  agent  for  liathbun 
gas  engines. 

The    Hauck   Manufacturing   Co.,  Brooklyn.   N.   Y.,   manufacturers 
of  port-able  oil  burners,  torches.  In  has  moved  its  Phila- 

delphia office  to  lT-.i  Sansom  51  Herbert  Vogelsang,  who  has 
been  connected  with  the  llauck  Manufacturing  Co.  for  six  years, 
will  be  in   charge. 

George  W.  Cravens  has  been  elected  president  of  the  Climax 
Engineering  Co..  Clinton.  la  manufactun  speed, 
heavy  duty  engines.  G.  \v  Dulany,  Jr.,  has  been  elected  chair- 
man of  the  board  of  directors;  C.  B.  Stebblns  has  been  re-elected 
vice-president;  R,  D.  Upton  n  elected  Measurer,  and  .1  M.  Thora- 
sen  re-elected  secretary.  Mr  Cravens,  the  new  prealdi 
many  years  with  the  General  Elei  md  has  had  a  wide- 
engineering  and  e He  has  been  chief  en- 
gineer for  the  Elkhart  Carriage  .x-  Motor  Car  Co.,  general  manager 
of  the  American  Motors  Corpoi  and  general 
manager  of  the  Univei  I  is  now  also  a  director  in 
other  companies. 

Westinghouse  Electric  <&.  Manufacturing  Co.  announces  the  fol- 
lowing changes  and  m  personnel.  Several  changes  have 
recently  been  made  in  thi  Railway  Salea  Department,  the  or- 
ganization  of  which  is  now  as  follows  !•'  11  tor  of 
heavy  traction;  M.  I!.  Lamb.  r;  E.  D.  Lynch,  office  man- 
ager: F.  F.  Rohrer.  aslsstant  to  manager  in  charge  of  contracts; 
('.  II.  Long,  section  illway  equipment  contracts  and 
orders;  R.  Seybold,  >  Ion;  T.  II.  Stoffel.  electric 
railway  freight  haulage  export;  \V.  R.  Sttnemets,  manager,  and 
It.  \V.  Carter,  assistant  manager  "I  the  heavy  traction  division; 
K.  A.  Simmon,  manager  liulit  traction  division:  .1  I.  Crouse,  man 
ager.  and  .1.  \V.  Lew  railway  development 
and  supply  division.  II.  \  Campe  has  been  appointed  manager 
small  motor  applian.  •  Bectlon  of  the  industrial  1  i.-partment, 
succeeding  V.  M.  Beeler.  who  has  been  transferred  to  the  Spring- 
Held  office  II.  B.  Smith  has  been  appointed  manager  of  the 
domestic  service  section  of  thi    depi  rtl                              g  Mr.  Campe. 

<:     I,    Washington  has  been   ai into,]   assistant    to  manager  of  the 

Havana,  Cuba,  office  of  the  Westinghouse  Electric  International 
Company. 
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How  Local  Engineering  Societies  and 
Chapters  Can  Serve  the  Public 

Although  it  has  been  frequently  urged  that  engineers 
either  individually  or  collectively  should  guide  the  public  on 
many  matters,  the  reply  with  equal  frequency  has  been  made 
that  engineers  seldom  have  either  time  or  money  to  devote 
to  public  affairs.  It  must  be  admitted  that  this  is  a  serious 
practical  objection  to  the  arguments  of  those  who  contend 
that  engineers  should  assume  a  leadership  that  their  training 
and  experience  warrant  them  in  assuming.  However,  when 
the  nature  of  a  difficulty  is  clearly  apprehended,  means  of 
overcoming  it  usually  can  be  devised. 

Engineers  lack  time  and  money  for  public  service.  Since 
engineers'  time  is  purchasable,  the  fundamental  lack  is  money. 
Engineers  can  hardly  be  expected  to  contribute  all  the 
money  needed  for  investigations  and  publicity  relating  to 
public  matters.  They  can  be  expected  to  contribute  their 
share;  beyond  that  the  necessary  funds  must  come  from 
others.  But  who  are  the  others  who  are  likely  to  respond  to 
such  an  appeal,  and  how  can  they  be  persuaded  to  contribute? 

In  nearly  every  large  city  there  is  at  least  one  organization 
whose  aim  is  to  reduce  the  waste  of  public  funds.  The 
money  that  supports  these  organizations  is  contributed  by 
public-spirited  men  of  wealth  and  by  far-sighted  taxpayers. 
The  fact  that  such  organizations  continue  to  exist,  year  after 
year,  proves  that  they  are  regarded  as  being  worth  while,  and 
this  in  spite  of  the  fact  that  they  are  often  managed  by  men 
whose  main  ability  is  as  solicitors  of  money.  It  seems  to 
us  that  such  organizations  could  in  most  instances  be  better 
managed-  by    local    engineering    societies    insofar    as    their 


economic  investigations  are  concerned.  We  are  not  so  sure 
that  engineers  would  prove  as  efficient  in  the  very  important 
matter  of  securing  the  cash  contributions  needed  to  carry 
on  the  investigations.  But  what  is  to  prevent  engineering 
societies  from  employing  competent  propagandists  and  so- 
licitors? This  might  be  accomplished  in  some  instances 
by  an  affiliation  of  the  existing  taxpayers'  "league"  with 
the  local  engineering  society.  But  we  doubt  whether  that 
could  be  brought  about  in  many  cases,  for  there  is  a  powerful 
incentive  for  the  officers  of  any  successful  association  to 
resist  giving  up  any  of  their  functions.  As  a  rule,  then,  local 
engineers,  through  their  local  societies  or  through  the  local 
chapters  of  national  societies,  will  probably  find  it  necessary 
to  organize  a  new  department  whose  function  it  will  be  to 
investigate  many  economic  problems  and  report  to  the  public. 
We  would  not  restrict  the  scope  of  the  investigations  to 
purely  engineering  problems,  although  those  would  probably 
take  precedence  over  others.  Engineers  are  the  only  large 
class  of  scientifically  trained  men  whose  training  and  experi- 
ence fits  them  to  solve  economic  problems.  Many  business 
men  are  expert  economists,  but  lacking  a  scientific  training 
their  tendency  is  not  to  impart  many  of  their  methods  to 
others,  but  rather  to  use  all  their  knowledge  for  their  per- 
sonal gain  and  that  of  their  associates.  Scientific  men,  on 
the  other  hand,  tend  not  only  to  publish  all  their  methods 
but  to  devote  their  services  very  largely  to  social  progress 
even  at  the  expense  of  their  personal  income.  For  this  rea- 
son, and  because  their  numbers  and  influence  are  so  gi 
it  seems  to  us  that  all  engineers  should  become  very  active 
in  political  economics.  This  activity  should  not  be  confined 
to  discussing  economic  problems,  but  should  include  such 
activities  as  are  now  monopolized  by  municipal  and  tax- 
payers' "leagues"  and  the  like.  Therefore,  we  commend  to 
every  engineering  society,  and  particularly  to  local  societies 
and  to  local  chapters  of  national  societies,  a  study  of  ways 
and  means  of  launching  a  campaign  for  securing  funds  with 
which  to  make  local  investigations  of  economic  problems  and 
to  convey  the  results  to  the  public. 
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iiri  |-v  |  |        •    .      i  t  employment    ol   a   host    of   chemists,   biologists   and   research 

WhOSe     L/Uty     IS    It    tO     insist  .Upon     a      physicians?    If  men  trained  in  applied  science  do  not  appre 

Qnanfritv      Snrv*»v  ?  ciate  what   marvel      cientiflc  research  can  accomplish,  who 

uanuiy     ourvey  .  wil]  appreciate  jr;    lf  witn  appreciation  of  the  possibilities 

We  are  glad   to  note   that    engineers,   arcl  d    con       engineers  remain  inactive  we  shall  be  deeply  disappointed 

tractors  have  at  last  gone  on  record  In  tavor  ol  the  making 
of  quantity  surveys  of  buildings  at  Be.    it 

has  long  been  the  custom  ol  civil  engineers  to  prepare  quan- 
tity surveys,  commonly  known  a-  "bidding  sheets,"  tor  con 
Btruction  work  other  than  buildli  class 

of  civil  engineering  structure,  except   build 

Ineer  prior  to  submitting  il   to  contractors.    How 
does   it   happen,   then,   that    buildings    bav< 

tion  to  this  rule?     We  think  i1  ml     to  be  found 

in  th«'  fact  that  supervising  architects  are  commonly  paid 
for  th.  on  a  percentage       i   I    and  not  on  a  salarj 

basis,  it  is  but  natural,  therefore,  that  ah  architect  should 
shift  onto  the  contractor's  shoulders  the  expense  burden  of 
preparing  the  data  ier  estimating  the  cost  of  construction. 
If  onh  one  contractor  were  Invited  to  bid  on  each  building, 
there  would  be  no  economic  loss  from  this  practice,  but 
ordinarily  several  contractors  submit  bids,  and  in  doing  so 
ae  duplicates  the  quantity  survey  work  of  the  other. 

Now  that  the  American  Institute  Of  Architects  has  in- 
dorsed the  plan  to  have  the  building  owner  pay  for  a  quantity 
surv.  ;es(    that    the    architects    increase    the   per- 

•  charged  for  then  ervices  to  provide  for  the  cost 
of  making  a  quantity  survey,  and  they  do  not  leave  such  a 
Burvej   optional  with  thi  <•    omission  of  a  survey 

to  be  an  economic  mistake.     If  so,  why  coun- 
tenance  it  any   longer?     In   our  Jan.  25   issue  we  reprinted 

an  editorial   from  the  Journal  of  the   American    Institute  of      \  Civic  Bureau    Twice    Headed  by   an 
Architects  favoring  the  quantity  survey  and  payment  for  it 
by   the   owner.     The   last    sent,  nee    of    that   editorial   reads: 


An    Important    Bulletin   on   Price 
Indexes 

Tie    ii  e  ei   price  Indexes,  or  index  numbers  of  commodity 

prices,  is  becoming  mere  and  mere  common.  Wage  con- 
troversies, hearings  on  public  utility  rates,  questions  as  to 
the  wisdom  ol  constructing  at  present  prices,  and 
ether  economic  problems  Involve  price  and  wage  levels. 
Consequently  there  is  a  grow  inn  call  lor  just  such  literature 
as  that  contained  In  Bulletin  No.  284  of  the  U.  S.  Bureau  of 
Labor  Statistics,  entitled  "Index  Numbers  of  Wholesale 
Prices  in  the  United  states  and   Foreign  Countries." 

This  bulletin  contains  350  pages,  of  which  nearlj  100  pages 
are  devoted  to  methods  used  in  making  index  numbers. 
Then  follow  20  pag*  s  of  critical  comparison  of  the  hading 
American  Index  number  im  the  ,,-ars  1S90  to  1918.  ti 
dex  of  the  Federal  Reserve  Board  is  given  and  briefly  de- 
scribed, but  is  not  criticallj   discussed. 

Price  indexes  are  being  misused  by  many  i pie  who 

only  a  smattering  of  knowledge  of  price  levels.  Hence  everj 
engineer  and  contractor  who  has  occasion  ever  to  quote 
price   li  opy   of   this   bulletin   and 

study  it. 


"Any  man  proposing  to  spend  a  considerable  sum  of  monej 
in  building  should  insist  on  a  quantity  survey,  as  one  of  the 
most  certain  means  of  economy  that  he  can  display."  True, 
but  will  the  nsist    upon   a   quantity   survey? 

We  doubt  it.  iicaiise  the  average  owner  knows  very  little 
about  building  economics  li  so,  the  insistence  should  come 
from    the    men     wh  altj     it     is     to    study     building 

economics,  namely,  architi  i  ts  and  engineers,  They  should 
carry  their  insistence  to  the  point  of  refusing  to  take  charge 
of  building  construction  unless  such  a  survey  is  made  part 
of  their  work. 


The  Possibility  of  Defeating  Disease 
by  Chemical  Research 

Only  b]  a  massive  co-ordinated  attach  of  many  workers 
can  we  hope  to  save  time  and  all  it  means  to  us."  This 
quotation  is  from  a  report  by  nine  scientists  on  the  need 
for  intensive  chemical  research  to  relievo  human  suffering 
and  prolong  life.  It  Is  significant  to  note  in  passing  that  this 
growth  ol  an  editorial  written  by  a  chemical 
i    and    published    I  ago    in    the   Journal   of 

Industrial   and    Engineering   Chemistry. 

Alter  outlining  seme  of  the   remarkable  achievements  ef- 
fected by  chemico-biological   research    the   report   urges   the 
supreme    importance   of    a    "massive    co-ordinated    attack    of 
many    workers."     it    Is    mad.    cleat    that    the   pitifully   slow 
tering    disease    i>    not    attributable   to   poor 

strategy  or  bad  tactics,  but  to  the  numerical  weakness  of  the 
attacking  army.     The  <r>    goes  up  from  men  who  know   what 

can  be  done,  and  81 dilj    dote-,    it    enough   trained   scientists 

are  enlisted  in  the  army  to  wage  war  against  pneumonia, 
tuberculosis,  cancer  and  all  that  host  of.  as  yet,  unconquered 
enemies  of  man. 

The  authors  ol  this  remarkable  report  -we  would  prefer 
to  call  it  a  cry  for  help  rather  than  a  report  -direct  our 
attentl  erj   ot   several   recent   chemical  cures 

and  preventives,  such  as  Balvai  phlUs,  chaulmoogra 

oil  foi  leprosy,  thymol  and  chenopodium  tor  hookworm,  lu- 
minal for  epilepsy,  thyeoxln  foi  stunted  growth  of  mind  and 
body,  vitaminee  for  beri-beri  and  bcuh  and  sodiumloxide 
for  goiter. 

but   exampli 
by  the  aid  oi  chemist       Thej  are    ufflcienl  to  warrant  everj 
scientific  man  in  supporting  the  appeal  ot  the  nine  authora 

of   this  report       Indeed,   should   not   the    100, >   engini 

America,    through    their    national      OCietleS,    lake    the    lead    in 

the  country  to  what  can  bi    mpllshed  by  the 


Engineer 

Apropos  of  our  leading  editorial  in  this  issue,  we  note  that 
the  San  Francisco  Bureau  of  Governmental  Research,  "an 
Incorporated  non  partisan  citizens'  agencj  to  study  public 
business,  co-operate  with  officials  and  specifically  work  for 
economy  and  efficiency  in  municipal  affairs,"  has  had  an 
engineer  as  its  executive  head  sine,  January,  1918.  Mr.  Paul 
Eliel  occupied  this  position,  with  the  title  of  "Director"  from 
the  date  named  until  the  latter  part  of  1921,  when  he  re- 
signed to  engage  in  private  industrial  engineering  work. 
Upon  the  acceptance  of  Mr.  Eliel'a  resignation  as  Director,  he 
ilected  a  member  of  the  Board  of  Trustees.  The  suc- 
cessor to  the  position  of  Director  is  Mr.  William  li  .\anry. 
an  original  Staff  member  of  the  Bureau,  having  joined  it  is 
"Engineering  Examiner"  in  1917. 

It  is  a  pleasure  to  find  such  an  organization  so  headed, 
and  we  hope  from  time  to  time  to  be  able  to  report  other 
instances  of  such  leadership  bj  engineers.  We  also  observe 
among  the  trustee-  ,u  the  San  Francisco  organization,  a 
chemist  of  international  note,  and  a  professor  ol  econi 
and  accounting,  who  is  known  as  the  author  of  one  of  the 
most  practical  of  the  extant  looks  on  these  subjects. 


Apportionment  of  Labor  Cost  in  Building  Small 
Houses 

The  Division  of  Buildings  and  Housing  of  the  U.  S.  Bureau 
of  Standards  has  re..nt!>  completed  a  table  showing  the 
relation  which  the  amount  paid  to  each  labor  group  bears  to 
the  total  labor  cost  in  the  construction  of  a  6-room  house. 
The  table  covers  both  name  and  brick  houses  and  is  as 
follows: 

TOTAL    LABI  >R    C<  »ST    ,     BASIS). 

Trade  Frame  house  Brick  house 

Can  •  mers  *3-6,  **•! 

Brick  ayera  g.2  21.S 

ii.kI  carriers  2.2  6 

Plasterers    '■»  »•« 

I' I.ri     J- J 

Electricians     *■» 


10.O 

I 
I 


Total  ln0°  100° 

These  averages  were  constructed  from  reports  covering  a 
lam.-  number  ol  6-room  brick  and  frame  houses  throughout 
the  country. 

The  relation  of  the  amount  paid  to  the  various  groups  to 
the    total    labor    costs    varies    according    to   the    types   of   con 

,  prevailing  In  the  various  localities;  however,  these 

averages  are  believed  to  give  a  fair  view  of  the  general  dis- 
tribution of  labor  costs. 
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Life  of  Wire  Bridge  Cables 

Satisfying  assurance  of  the  permanence  of  the  three  great 
suspension  bridges  across  the  East  River  al  \.  a  York  has 
been  received  recently  as  a  result  of  a  careful  examination 
of  those  portions  of  these  structures  most  frequently  eriti- 
namely,  the  cables.  Brought  about  bj  the  necessity 
of  removing  the  fabric  wrapping  of  the  Williamsburg  bridge 
cables  and  replacing  it  by  a  wire  wrapping  of  the  same 
character  as  used  for  the  Brooklyn  and  Manhattan  bridges, 
a  careful  investigation  of  the  condition  of  the  wires  under 
the  wrapping  of  the  cables  for  this  bridge  as  well  as  for  the 
Other  two  was  made  by  the  Department  of  riant  and  Struc- 
tures of  New  York  City.  As  interested  parlies,  representa- 
tives of  the  engineering  staff  of  the  Philadelphia-Camden 
bridge  made  an  inspection  of  the  condition  of  the  rabies  of 
the  three  bridges  at  the  same  time,  and  as  a  result  of  the 
conditions  found,  have  indicated  their  confidence  in  the  type 
tare  proposed  at  Philadelphia. 

The  indication  thus  obtained  of  the  long  life  of  wire  bridge 
-  properly  protected  is  merely  one  of  many  that  have 
been  available  to  the  engineering  profession  for  a  long  time. 
The  1,010-ft.  wire  cable  suspension  bridge  built  across  the 
Ohio  River  at  Wheeling,  W.  Ya.,  in  1846  by  Charles  Ellet  and 
later  reconstructed  by  John  A.  Roebling,  contains,  for  the 
most  part  the  original  cable  material.  After  a  use  of  76 
years  this  material  is  said  to  be  in  perfectly  good  condition. 
The  Cincinnati  and  Covington  bridge,  constructed  originally 
with  two  iron  wire  cables,  and  opened  for  traffic  in  1S67,  still 
contains  these  original  cables  in  excellent  condition.  Winn 
the  Roebling  railway  suspension  bridge  was  built  across  the 
Niagara  River  in  1855,  use  was  made  of  the  cable  wire  that 
had  formed  a  part  of  the  original  Ellet  structure  built  in  1848 
Except  for  the  necessity  of  cutting  out  a  few  dozen  wires 
which  had  been  badly  exposed,  the  cables  so  constructed 
continued  to  do  service  till  1S97,  when  the  bridge  was  re- 
placed by  the  present  railway  arch.  The  excellent  resistance 
of  cable  wire  to  corrosion  was  also  evidenced  when  the  pres- 
ent Lewiston-Queenstown  suspension  bridge  was  built  in  1899. 
On  removing  the  old  cables  of  the  former  structure,  which 
had  been  built  in  1S51,  they  were  found  to  be  in  an  excellent 
state  of  preservation.  In  the  new  structure,  cable  wire 
which  had  been  used  in  the  upper  suspension  brick'  at 
Niagara  Falls,  as  reconstructed  in  18S9.  was  used. 

In  all  the  suspension  structures  built  in  America  prior  to 
about  1880  a  clean,  bright  wire  was  used,  usually  d 
twice  in  boiled  linseed  oil,  passed  through  an  oiled  sheepskin. 
on  being  unrolled  from  the  reels  prior  to  stringing  and  then 
carefully  oiled  in  the  strands  before  the  wrapping  was  ap- 
plied. With  the  construction  of  the  Brooklyn  bridge,  how- 
ever, from  1876  to  1883,  advantage  was  taken  of  the  newly 
established  art  of  galvanizing.  Both  the  strand  wire  and 
the  wrapping  wire  were  treated  by  the  new  process  with 
results  that  have  been  shown  to  be  excellent.  Examination 
has  shown  that  the  Brooklyn  bridge  cables  are  as  good  as 
they  ever  were. 

Believing  that  the  experience  with  suspension  bridges 
built  prior  to  1880  indicated  a  practically  unlimited  life  for 
bright  wire  properly  oiled,  the  engineers  of  the  Williams- 
burg bridge  decided  to  protect  the  cables  by  filling  the 
spaces  between  the  wires  with  "slushing  oil."  a  hydrocarbon, 
to  which  was  added  25  per  cent  of  artificial  graphite.  In- 
stead of  covering  the  entire  cable  with  wrapping  wire,  as 
had  been  done  in  the  Brooklyn  bridge,  it  was  covered  with 
four  wrappings  of  canvas,  heavily  coated  with  the  same  bitu- 
minous material  as  filled  the  interspaces  between  the  wires. 
To  make  the  whole  entirely  waterproof  and  to  protect  it  from 
the  atmosphere,  a  1/16-in.  steel  sheathing  was  placed  outside 
the  fabric.  The  experience  of  20  years  has  shown,  however, 
that  this  method  of  protection  is  inferior  to  that  adopted 
by  Roebling.  The  metal  sheathing  corroded  and  the  canvas 
wrapping  had  hardened  so  that  the  motion  in  the  neighbor- 
hood of  the  suspenders  had  caused  it  to  break  destroying  the 
waterproof  seal  at  these  places.  Fear  of  dangerous  corrosion 
prompted  the  Department  of  Plant  and  Structures  to  remove 
the  faulty  covering  and  wrap  the  cables  throughout  with 
No.  9  Norway  iron  galvanized  wire.  With  this  protection, 
there  is  no  doubt  the  life  of  the  Williamsburg  cables  will  be 
practically  unlimited. 
In  th?  construction  of  the  Manhattan  bridge,  completed  in 


1909,  the  Roebling  method  of  cable  protection  was  followed, 
although  at  that  time  there  was  no  Indication  that  the  pro- 
tective covering  on  the  Williamsburg  fridge  cables  would  not 
be  satisfactory.  The  farsightedness  of  the  engineering  staff 
in  charge  of  bridge  work  in  New  York  City  at  that  time  has 
been  amply  demonstrated  in  the  excellent  condition  now 
found   in   the   Manhattan  cables. 

It  thus  appears,  as  a  result  of  an  experience  with  wire 
cables  in  this  country  extending  over  a  period  of  about  three- 
quarters  of  a  century,  that  even  with  the  methods  of  pro- 
tection devised  for  wire  cables  45  years  ago,  there  should 
be  no  doubt  whatever  so  far  as  the  cables  are  concerned,  of 
the  life  and  serviceability  of  the  wire  cable  suspension  bridge 
for  centuries. — Editorial  from  'fin    Canadian   ICngineer. 


Weight  of  Bridge  Floors  Reduced  by  Use  of  Drums 

steci  or  wooden  drums  Introduced  in  the  floors  of  concrete 
overhead  bridges  constructed  by  the  New  York,  Chicago  & 
St.  Louis  Ry.  in  connection  with  a  grade  separation  project 
at  Cleveland,  reduced  the  volume  of  concrete  and  thus  not 
onlj  aided  in  relieving  the  weight  of  the  floor  but  also  effected 
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a  decided  saving  in  cost.  The  following  details  of  this  feature 
are  abstracted  from  Railway  Age: 

A  standard  plan  of  viaduct  construction  was  developed  and 
applied  to  all  of  the  streets  where  it  was  possible  to  do  so. 
Of  the  13  bridges  to  be  placed.  9  will  follow  the  one  type  of 
construction,  with  slight  variations  to  conform  to  the  angles 
of  the  crossings. 

The  design  of  the  concrete  bridge  .structures  is  simple, 
being  comprised  of  a  4-span  structural  steel  bridge  encased  in 
concrete,  each  span  opening  being  wide  enough  for  two 
tracks.  The  substructure  consists  of  mass  abutments  with 
piers  of  concrete  encasing  steel  columns.  The  superstructure 
comprises  longitudinal  I-beams  encased  in  concrete  to  form 
the  floor.  In  the  sidewalk  structure  the  I-beams  are  encased 
separately  with  reinforced  concrete  slabs  at  both  the  top  and 
bottom  to  provide  public  utility  galleries.  A  concrete  banister 
on  each  side  of  suitable  design  completes  the  viaduct.  Under 
the  original  plan,  at  five  of  the  bridges  steel  drums  were 
introduced  into  the  floor  between  the  beams.  Later  develop- 
ments showed  that  drums  constructed  of  wood,  which,  need- 
less to  say,  would  be  less  expensive  than  steel  drums,  could 
be  used  with  just  as  good  an  effect  as  the  steel  drums.  Con- 
sequently, this  type  of  drum  is  being  used  on  the  additional 
eight  bridges. 


Tensile  Properties  of  Steels  at  High  Temperatures. — A 
summary  is  being  prepared  by  the  U.  S.  Bureau  of  Standards 
of  the  data  obtained  on  the  various  carbon  and  alloy  steels 
which  have  been  tested  in  the  metallurgical  laboratories  of 
the  Bureau,  including  the  effects  of  normalizing  rolled-low 
carbon  steel,  the  effects  of  1%  per  cent  of  manganese,  the 
presence  of  5  per  cent  cobalt,  the  addition  of  0.4  per  cent  of 
molybdenum  to  carbon  chromium  steel,  and  the  effect  of 
various  heat  treatments  on  their  properties.  Progress  has 
also  been  made  in  determining  the  effect  of  time-annealing 
at  blue  heat  on  the  properties  of  cold-rolled  boiler  plate. 
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Designs  and   Specifications    for   Iowa 
Bridge  Construction 


New  Developments  of  State  Highway  Commission 

for  1922  Work,  Outlined  in  Paper  Presented 

Before  Iowa  Engineering  Society 

By  .1    II     A  NIKS. 
Bridge  Engineer,  Iowa  stati    Highway  Commission. 

Prior  to  about    1909   practically   all    the   bridges   and   cul 
.11  towa  were  bud  of  either    rood,  steel,  wrought  Iron, 
or  a  combination  ot  these  three   materials      A   tew    unrein- 
forced  concrete  and  stone  masonry  structures  had  been  built 
up  to  that  time  imt  in  tii.  number  was  small, 

'Die  plans  and  specifications  for  Individual  structures,  where 
anj  were  prepared,  wen'  provided  by  the  bridge  companies, 
K.nh  bridge  company  doing  business  in  the  state  possessed 
I'm-  en  more  sets  ol  so-called  tandard  designs  and  specifics 
tions  which  wit.'  placed  on  file  when  necessity  demanded  it. 
To  aaj  tin-  least,  these  design  lards  were  "flexible" 

and  were  prepared  with  little  or  no  regard  as  to  future  load- 
ing requirements  or  traffic  conditions. 

Early  Standards  of  State  Highway  Commission. — In  about 
1909  the  commission  began  to  consider  the  necessity  for 
developing  Borne  standards  of  design  and  construction  and 
ot  Issuing  Borne  specifications  which  would  Insure  uniformity 
of  materials  and  workmanship,  it  was  also  at  about  this 
time  thai  reinforced  concrete  began  to  assume  importance 
as  a  construction  material  and  that  the  motor  vehicle  was 
becoming  of  general  use  and  necessitating  consideration  in 
the  design  of  highways.  These  things  largel]  Influenced  and 
made  accessary  the  Issuance  ol  standard  plans  and  specifica- 
tions. With  the  limited  funds  at  the  disposal  of  the  commis- 
sion at  that  time  not  a  great  di  a!  could  be  accomplished, 
although  it  should  be  said  that  the  preliminary  work  done 
in  those  early  days  was  pioneer  work  ot  considerable  im- 
port;,: !  laid  the  foundation  for  much  that  we  now 
have  in  the  way  of  standardized  practice.  When  the  new 
highway    law    became   effective    in    1913    the   Iowa    commission 

had  issued  a  rather  complete   set   of  standards  covering  the 

more  com n   types  of  construction   and   had   prepared  and 

issued  a  Bel  of  standard  bridge  specifications  in  much  the 
same  form  although  not  as  complete  as  they  exist  today.  At 
that  time  very  few  states  had  active  state  highway  depart- 
v.  er  ha.!  attempted  '"  prepare  anj  standard 
plans  or  specifications,  or  to  exercise  any  control  over  con- 
struction work.  It.  therefore,  tell  to  the  lot  of  Iowa  to  "blaze 
the  trail"  in  the  matter  of  bridge  designs  and  specifications 
and  this  has  a.  ted  as  an  added  incentive  for  this  state  to 
"s.-t    tin-   pace"  ever  since. 

In  Issuing  the  early  standards  there  was  little  of  anything 

■  c.   "i   precedent  to  t<  How.     No  other  state  had  a  set 

of  well  established   standards   which   could   safely   be  followed 

and    no    other    state    bad    similar    topographic,    economic     or 

traffic   conditions   to   meet.      Natural];    attention    was   directed 

development  of  Btandan  general  lines 

as  they  bad  previously  been  applied  to  railroad  construction 
and  in  doing  so  we  inherited  oi  perhaps  'stole"  from  our 
professional    brethren,   the    railroad    engineers,   much   that    we 

now  have  in  the  wa  and  construction  details,    Some 

that  we  took  was  -in   generously  and 

rendered    lull,     credit    to    them    for   it.    hut    also   some   that    we 
took   w.--    ret    good  as  applied   to   highway   work  and    v.. 
me   difficulty   in   divorcing   ourselves   from   it       w 

' '  Ived  ai   a  elopment   « hen   we  can   with 

te    the    "sheep"    from    the      goats"   aim 

Ij  upon  what  has  b.'.-n  demonstrated  to  be  good,  sound 
applied  to  highway  bridge  work  and 
;\  ing  undue  influence  to  t  he  pi 
vork.     This    fact    will    account    for    many    ol    the 
Ich    will    be   apparent    in    the    \M2'1    edition   ot    the 
ad   will,  peril. 
d  in  some  changed  ■' 
Experimental    Stage    In    Highway    Bridge    Work    Passed. — 
:•   farther   I    w  is),   to  empl  nlnt,   ami    that 

the   very   brief   period   of   time   through    which   our 
lards    and    specifications    have    been    developed. 
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It  was  just  ten  years  ag,,  that  the  commission  Issued  the  first 
set  of  standard  plans  and  specifications,  Yet.  during  that 
time  owing  to  the  inten  •  application  and  verj  general  use 
of  this  material  much  has  been  done  to  conoentrati  engineer- 
ing thought  and  study  upon  these  problems  which  otherwise 
might  have  reasonalih  occupied  a  long  period  of  time.  Dur- 
ing that   period  of  tin eer  85,000  Individual   bridges  and 

culverts   have  be.  n   built   under  these  plans  and   specifications 

with  a  total  estimated  ■ I  believe  I  am 

entirely  safe  in  saying  that  we  have  passed  from  the  experi- 
mental stage  in  highwav  bridge  WOrK  where  each  individual 
engineer  was  cautiousl)   feeling  bis  own  way  to  a  more  stable 

period  where  ti ,,  ervative  and  well  established  practices 

of  today  will  be  .bang..!  only  aftei  the  most  thorough  and 
painstaking  Investigation  and  n  ■  an  h  1  do  not  believe  that 
we  are  likely  to  experience  an  developments  in 
the  immediate  future  but  tath.r  that  tic  changes  and  re- 
scions    which    will    come    will    he    th i    a    conservative 

nature  intended  to  o\ some   minor  detect!    or  to  meet 

some  new  traffic  or  load  condition.  Th,  .iways 

the  possibility  that  some  new  construction  materia]  will 
come  into  general  use    vhich  might  completed    revolutionise 

i     as  did  rein! I   i  om  rete  a    few    j  eai  a   ago, 

shall  not  attempt  to  entei  the  realm  ot  prophesj 

development  of  the  standard  designs  and  specifications 
as  they  exist  todaj  nol  the  thought  and  effort  of  any  one 
individual,  or  even  small  group  of  individuals  working  to- 
gether  for  a  short  period  of  time  such  as  a  year.  Rather  they 
represent  the  colled  mil  studies  of  many  engineers 

in    not    only  this   stai.     but    in   other   states  as   well,   who  have 

in  their develoi nl  in  their  suggestions  and  criticisms. 

They    reflect    in    a  economic    conditions    which 

have    effected    us    d  Mine    and.    in    fact,    the    whole 

trend  of  highway  development.  To  those  of  us  who  have  had 
some  small  part  in  their  preparation  and  use  they  are  repre- 
sentative  of  conservative  practice  ami  economical  design  as 
applied  to  the  M  ssissippi  Valley  states.  I  assure  you  in  the 
past  it  lias  not  been  altogether  an  easy  matter  at  all  times 
to  harmonize  the  economic  requirements  imposed  with  the 
rapidly  changing  traffic  conditions,  with  the  future  loading 
Increases  uncertain,  with  engineering  and  construction  forces 
undeveloped,  with  disturbed  industrial  conditions  due  to  the 
war  and  without  precedent  t"  follow  Hut  I  believe  we  have 
now  reached  a  more  or  less  stable  period  through  which  it 
will  be  possible  to  give  more  thought  and  attention  to  some 
of  the  refinements  ami  details  which  are  essential  to  a  satis- 
factory and  completed   product. 

Now  to  consider  brleflj  a  few  of  the  changes,  revisions  and 
additions  to  our  1922  di   -igns: 

Loadings. — The  possibility  of  future  increases  in  loads  ex- 
ceeding those  now  in  common  use  is  being  carefully  con- 
sidered by  practically  all  of  the  state  highway  departments. 
At  present  our  maximum  live  load  in  this  state  is  a  15-ton 
road  roller  loading.  Some  apprehension  has  existed  as  to 
the  possible  development  of  the  motor  truck  to  where  it 
might,  under  certain  conditions  and  with  added  impact  due 
to  high  speeds,  overstress  bridges  designed  for  our  present 
maximum  loading.  We  have  collected  much  information  from 
truck,  tractor  and  steam  shovel  manufacturers  and  from 
others  which  would  Indicate  the  present  loadings  and  possible 
overloading.  We  havi  also  through  the  co-operation  of  the 
engineers  of  the  Burea  i  ot  Public  Road  obtained  a  detailed 
statement  from  the  present  manufacturers  as  to  possible 
future  increase  in  loads.  From  these  data  and  from  other 
computations  and  Btudiea  now  in  progress  we  are  trying  to 
develop  a  standardized  maximum  loading  which  will  provide 
for  any  reasonable  Increase  In  loading  likely  to  occur.  Should 
v    loading    be    m.ii.-i  iallv    different    from    those    now    in 

use  it  will  require  I  ton  t ir  present  designs. 

Impact. — The  effect   ol   nick  and  tractor  loads  moving  at  a 

maximum  speed  ha  i    Iderable  study  I 

and  investigation  bj  o  ission  during  the  past   Bummer 

ii      Ki.-id  teal  ral  tj  pes  ol   bridges  ol   recent 

design  and  under  actual  field  conditions  have  i n  made   »itii 

son nits.      These  tests  and   investigation! 

■     the  results   may   be     aid  to   be 

conclusive  but  the]  Ij  indicative  of  the  necessity  for 

impact  consideration  In  future  design.  The  tests  will  be  con- 
tinued  as  soon  as  weather  conditions  will  permit  and  it   is 

'   thai   in  the  mar  future  we  may  have  some  further  data 

on  this  much  dl  cu    ■  d  question 
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Concrete  Piling.— Material  and  COllStrucI  coats  have  QOW 
decrea.-od  to  a  point  where  it   may   be  tl  and   a.  sn 

able  under  certain  conditions  to  use  reinfi  ncrete  piling 

in  trestle  approach  construction.    This  t  ii   construction 

has  found  more  general  use  in  the  eastei 
states   due   to   the   necessity    for   protection    against    marine 
I  and   ""  account   of  the  many   Btrui       es   affected  by 
tides  ami  those  located  across  swamps  ai 
w,.  have  nol   been  able  in  the  past  in  tin  to    d 

contractors   In    this  type  of  construction   to   the    point   of   its 
economical  use  on  account  of  the  heavy   equ  ;   i  enl   required 
in  transporting,   handling  and  driving  the   piles      A    tevi    in- 
dividual locations  are  now  being  considered  for  the  i> 
use  of  this  class  of  construction  and  if  its  u  onoml- 

cal  and  satisfactory  its  more  general  use  may  provi    desirable. 

Increased  Roadway  Widths. — The  tendency  towards  to- 
ed roadway  widths  both  for  bridges  and  culverts  might 
be  mentionad  as  a  factor  affecting  future  designs.  The  20 
ft.  minimum  roadway  width  for  bridges  and  28  ft  minimum 
width  for  culverts  on  heavily  traveled  roads  has  now  become 
so  well  established  that  further  emphasis  is  not  required. 
We  should,  however,  be  (artful  to  provide  adequate  lengths 
of  culverts  at  intersections  on  curves  and  under  high  fills. 
Recently  we  have  revised  our  practice  in  determining  culvert 
lengths  so  that  the  greater  lengths  of  barrel  will  be  provided 
in  all  cases,  but  particularly  under  the  higher  fills.  Experi- 
ence has  indicated  the  necessity  for  these  changes  am 
signs  prepared  under  the  new  requirements  should  prove 
adequate  except   in  the  unusual  cases. 

Concrete  Pipe  Culverts. —  New  standard  requirements  gov- 
erning the  use  of  concrete  pipe  culverts  will  be  issued  in  the 
near  future.  These  will  be  in  general  conformance  to  the 
requirements  adopted  by  the  Joint  Concrete  Culvert  Pipe 
Committee  and  based  on  the  recent  investigations  conducted 
by  the  Engineering  Experiment  Station  of  Iowa  State  College 
on  culvert  pipe  loadings.  These  new  requirements  have  been 
delayed  somewhat  awaiting  the  results  only  recently  avail- 
able and  sufficient  data  are  now  available  to  permit  the 
issuance  of  these  detailed  requirements. 

Structures  for  the  Secondary  Road  System. — A  word  might 
well  be  added  here  in  reference  to  the  necessity  for  further 
thought  and  study  as  to  the  problems  of  bridge  design  and 
construction  on  the  secondary  system.  These  structures 
demand  careful  consideration  as  to  their  safety  and  con- 
venient use.  They  are  often  subjected  to  heavy  loads  from 
farm  tractors  and  threshing  machine  outfits,  and  it  is  essen- 
tial that  proper  provision  be  made  for  keeping  them  in  good 
repair.  Bituminous  floor  coverings  are  being  used  wit 
cess  in  some  of  the  counties  for  maintaining  good  surfaces 
over  plank  floor  and  for  protecting  these  floors  against  ex- 
cessive wear  and  from  decay.  A  further  study  of  the  pos- 
sible use  of  such  materials  as  well  as  the  general  require- 
ments for  structures  on  the  secondary  system  will  be  made 
by  the  Commission  this  year. 

Many  other  details  of  a  minor  nature  might  be  added  to 
the  list  just  given,  but  these  probably  represent  the  major 
changes  in  design  likely  to  occur  this  year. 

New  Specifications  Will  Give  Much  More  Detail.— It  is  im- 
possible to  foretell  at  this  time  to  what  extent  the  1922 
edition  of  the  standard  specifications  for  bridges  and  culverts 
will  be  revised.  The  new  specifications  are  now  being  pre- 
pared and  much  work  remains  to  be  done  before  they  may 
be  issued  in  final  form.  It  may  be  said  with  assurance,  how- 
ever, that  the  new  specifications  will  be  much  more  in  detail 
than  any  previous  edition,  also  that  the  general  form  and 
arrangement  will  be  materially  altered  so  as  to  make  refer- 
ence to  them  much  easier. 

It  is  contemplated  that  the  new  edition  when  issued  will 
follow  the  general  outline  prepared  by  the  subcommittee  on 
bridge  standards  of  the  American  Association  of  State  High- 
way Officials,  which  outline  was  adopted  at  the  Omaha  meet- 
ing last  December.  This  outline  is  to  form  the  basis  for 
the  bridge  specifications  of  the  several  states  of  the  Union, 
and  it  is  expected  that  in  future  revisions  most,  if  not  all, 
of  the  states  will  follow  the  general  outline  as  adopted.  Iowa 
is  the  first  state  to  attempt  to  revise  their  specifications 
under  the  new  outline  and  the  work  of  "blazing  the  trail"  is 
slowing  up  the  actual  issuance  of  the  specifications  to  some 
extent.  I  am  confident  that  those  of  you  who  make  frequent 
reference  to  the   specifications  will   find  the   arrangement  of 


the    1922    edition    much   more    satisfactory    than    past    edit 

and  will  heartily  Indorse  the  i  b  mi  \  complete  Index  which 
will  accompany  the  specifications  will  also  facilitate  reference 
greatly.  It  is  also  quite  probable  that  the  new  specifications 
when  issued  will  be  in  sectional  form.  Each  section  will 
covet   a  complete  part  of  the  specifications  and  this  will  not 

Onlj    add    to    tl ase    to    locating    similar    material,    but    will 

also   permit    future   revision   by   sections   rather   than   revising 

all  of  the  material  al  one  tune 

The  general  clauses  and  material  sections  will  both  be 
considerably  Increased  in  size  and  will  cover  points  not  in- 
i  imleil  in  the  present  specifications.  Some  forms  of  general 
use  will  be  added  to  the  section  on  forms  and  those  now  in 
the  specifications  will  be  revised  to  some  extent. 

In  summarizing  the  work  being  done  on  the  new  bridge  and 
culvert  specifications  it  might  be  said  that  the  principal 
changes  will  be  to  form  and  arrangemeni  with  considerable 
new  material  added.  The  changes  in  the  detailed  require- 
ments now  found  in  the  present  specifications  will  in  general 
be  only  corrective  in  nature  and  with  the  idea  in  view  of 
eliminating  insofar  as  possible  points  of  difference  between 
the  engineering  and  contracting  forces. 


Steam    Box    Arrangement    for    Heating   Concrete 
Materials 

Steam  boxes  made  of  plank  are  being  employed  by  William 
Steele  ,^  Sons  Co.  for  heating  the  aggregate  for  a  3-story  flat 
slab  job  at  Kensington  avenue  and  M  street,  Philadelphia. 
The  arrangement  is  described  in  Successful  Methods  from 
which  the  matter  in  this  article  is  taken. 

Four  1-in.   steam   lines,  connected   to   a  junction   box   near 


{ayor/  for  /jeahnf  ma/er/o/s 

Layout   and    Details   of   Steam    Boxes. 

the  mixer  plant,  enter  each  of  the  lines  of  steam  boxes  and 
project  into  them  approximately  half  way.  The  covers  of 
the  boxes  are  made  up  of  2-by-8's  which  project  slightly  over 
the  box  proper.  A  l-by-6  crosspiece  on  about  30-in.  centers 
forms  an  opening  through  which  the  steam  escapes  to  the 
material  piles.  The  projection  or  overhang  prevents  the 
material  from  getting  into  the  boxes  and  at  the  same  time 
there  is  no  chance  of  clogging  which  is  a  great  advantage 
over  the  box  in  which  holes  are  bored.  From  the  construc- 
tion it  is  seen  that  it  is  sufficiently  strong  and  that  there  is 
no  chance  of  a  collapse.  Another  advantage  of  this  particular 
layout  is  that  the  piles  are  arranged  in  parallel  so  that,  should 
one  box  be  stripped  the  other  would  be  available. 


Production  and  Price  of  Lime  in  1921. — About  2,531,000 
short  tons  of  lime,  valued  at  $24,536,000,  was  sold  in  the 
United  States,  including  Hawaii  and  Porto  Rico,  in  1921, 
according  to  an  estimate  made  by  the  U.  S.  Geological  Sur- 
vey, from  reports  made  by  the  principal  producers.  This 
quantity  is  less  than  that  sold  in  any  year  since  the  survey 
has  collected  its  statistics  and  is  29  per  cent  less  than  that 
sold  in  1920.  The  average  value  per  ton  in  1921  is  estimated 
at  $9.69.  In  1920  it  was  $10.52,  and  in  1919  it  was  $8.84.  The 
sales  of  hydrated  lime  in  the  United  States  in  1921  were 
estimated  at  737,000  short  tons,  a  decrease  of  less  than  14 
per  cent  as  compared  with  those  in  1920,  whereas  the  sales 
of  quicklime  (including  refractory  lime  or  dead-burned  dolo- 
mite) were  estimated  at  34  per  cent  less  than  in  1920.  The 
estimated  value  of  the  hydrated  lime  sold  in  1921  was  $7,- 
673,000,  an  average  per  ton  of  $10.41.  The  average  value  per 
ton  in  1920  was  $10.89. 
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Standardization  of  Building  Codes 

At  the  annual  meeting  ol  thi  serai  Contrac- 

tors ot  America  at  Cleveland,  Jan    17-19,  the  Commit 

-  submitted  ;i  suggested  outline    tor  a  standard  building 
code,  prepared   by   R    C.   Marshall,   Jr.,  general   mam 
the  Association.     The  outline  ol    standards  tolli 

Outline  for  Standard  Building  Code.  1  Scope  The  code 
should  be  prefaced  by  a  Btatemenl  licabllity. 

(a)  As  i"  time:  it  should  Include  all  future  work  and 
may  be  In  ■  e. 

itn  As  to  character:  It  should  Include  all  permanent 
buildings,  fences  and  billboards,  etc  .  and  not  onlj  the  finished 
Btructm  during  the  pi  i  iod  of  ei 

i  i  extant;     Definition  bi    made  as  to  how 

much  (if  an;  i  alti  be  made  i"  anj    present  build- 

ing or  structure  without  tiriu.  er  the  scope  of  the 

code. 

The  main  portion  of  the  code   falls   under   three  heads — 
ilrements,   giving   the   Information  necessary  to   make 
the  general  plans  for  an]  Bpeciflc  b 

Construction,  giving  the  Information  necessary  to  make 
the  working  drawings  for  all  buildings. 

Administration,  giving  the  methods  by  which  the  code  is 
enforced. 

PART    I— REQUIREMENTS. 

Requirements  as  to  Occupancy.  As  practically  all  build- 
ings arc  erected  for  a  certain  definite  character  of  occupancy, 
such  as  residence,  theati  r,  storehouse,  factory,  etc.,  the  code 
proper  should  commence  with  a  statement  of  its  general 
requirements  for  buildings  of  every  class,  leaving  the  details 
thereof  to  be  explained  in  subsequent  sections.  In  order  to 
avoid  confusion,  the  names  used  to  describe  occupancy  should 
be  denned  exactly  and  exhaustively;  for  instance,  the  line 
of  demarcation  should  be  carefully  drawn  between  tenement 
houses,  apartment  houses  and  hotels,  between  loft  building. 
factories  and  stores,  between  churches,  lecture  halls  and 
theaters.  Care  should  be  taken  to  define  the  status  of  build 
ing-  whose  occupancy  does  not  fall  in  any  well-defined  cate- 
gory such  as  bathhouses,  jails,  railway  stations.  Provision 
must  be  inserted  to  cover  buildings  of  more  than  one  i  bar 
acter  of  occupancy,  such  retail  stores  with  apartments  in 
the  upper  stories,  etc.  The  requirements  as  to  occupancy  fall 
under  the  following  heads: 

(a)  Location. — Limitations  on  occupancy  may  be  imposed 
in  the  various  zones  of  the  city;  thus  factories  may  be  ex- 
cluded from  certain  neighborhoods,  and  those  causing  un- 
pleasant odors  or  noises  may  be  restricted  to  a  zone  of  their 
own. 

(bi  Types  of  Construction. — Different  occupants  require 
different  types  of  construction  tor  exterior  walls,  floors,  roofs, 
partitions  and  stairs.  The  usual  method  of  prescribing  types 
of  construction  in  existing  building  codes  is  to  group  build- 
ings as  a  whole  into  four  or  five  classes,  such  as  fireproof, 
ordinary,  and  frame.    Pot  rely  few  classes  of  occu- 

pancy does  a  building  run  true  to  type,  so  that  the  general 
definition  for  each  type  of  construct  inn  [g  loaded  with  ex- 
ception- It  is  therefore  suggested  that  a  simpler  and  more 
exact  method  is  to  define  four  or  five  types  of  construction 
for  exterior  wall-,  partitions,  interior  columns,  floors,  roofs 
and  stau-  separately  and  to  prescribe  for  each  class  of  occu- 
srhicb  type  shall  be  used.  It  should  be  noted,  how- 
it  ly  more  than  one  type  of  wall  or 
floor,  for  Instance,  may  i  ■  I  for  the  same  building; 

thus,    an    occupancy   allowing   ordinary    frame    partitions    be- 
ooms  may  yet  require   fireproof  or  fire-resistive 
partitions  around  the  stairway  and  i  it.     It  should 

■  .1    that    the   type   Ol 

ions  such  as 
tbe  height  or  location  of  the  building,  as  provided  in  Sec- 
tion 3.  b. 

(ci     Allowable    Loading    of    Floors. — Most     codes     sp 

which    floors   or   different   occupancies   aro 

■  d,   these  figures   to  be  used   for  Joists,  girders  or 

buildings  where  the  whole  Boor  may  be  loaded 

uniformly,   this  is   necessary.     HoWl  I  I    row 

.  mi  in  offices  a  safe  a  ■•■  llj   on.'  or 

it  there  is  no  likelihood  of  the  whole  Boor  being 

i  it  is  therei.  ...  aded 

that  tie  •    calculated   for  a   much   lighter   load   than 
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the  joists.    Allowance  should  be  made  tor  vibration  in  cast  a 

of  floors   used   for  dancing,   marching  or   machinery. 

(d)  Safety  Provisions.  I  Miscellaneous  arrangements 
ot  plan:  such  as  limitation  ol  area  of  space  between  fire- 
walls, etc.,  provision  for  resl  rooms  for  women  in  factories 
and  the  location  of  workshops  and  property  rooms  in  theaters. 

II.  Means  of  egress:  number  and  size  of  doors,  and  when 
tiny    Should    open    Outward;     Width     and  .    |ea     m 

churches  and  theati  i  th<  h  number,  width  and 

Ore-escape,  their  number  and  location   (details  of  con- 
Iven    later)      This    Bectlon   should    provide 

its   to   roof,   and   from    sidewalk    vaults   and    from    yards 

or  llghtwells. 

III.  Fire-fighting  applli  a<  b  as  sprinkler  systems. 
Btandpipea  with  hose  reels  and  chemical  extinguishers  when 
required, 

(e)  Light  and  Air.  I.  Dark  rooms  the  uses  to  which 
thej  "  hould  be  given,  both  when  the  rooms  are 
and  are  nol  provided  with  a  specified  amouni  of  indirect 
ventilation,  i  in  im-  connection,  thi  iould  be 
defined  so  as  to  prevent  evasion  id'  the  code  bj  construction 
of  unauthorized  alcot  e 

II.  Size  of   windO  ize   of  window   and    the   amount 
>:'  to  be  capable  of  opening   for   ventilation   Bhould   be 

given  for  such  occupancies  as  sleeping  rooms,  workrooms 
and  places  of  public  assembly,  preferably  in  terms  of  the  size 
of  the  room.  Where  Indirect  ventilation  is  permitted  instead 
of  windows,  its  amount   and  character  should  be  given. 

III.  Cubic  capacity:   the  number  of  cubic  feet  required  per 
in  places  of  public  assembly  and  in  workrooms  should 

!..■  u:\en— the  latter  will  vary  with  different  industries.  A 
minimum  size  should  he  specified  for  sleeping  rooi 

IV.  Size  of  light  shafts:  for  buildings  on  interior  lots  (or 
portions  of  corner  lots  more  than  a  certain  distance  from  the 
corner)  whose  rooms  require  w  Indows,  the  amount  of  lot  to 
remain  open  to  fin  h<  econd  Story  window  sills 
should  he  stated  This  should  increase  as  the  height  of  the 
building  increases. 

(f)  Sanitary  Provisions.— I  Water  supply:  when  to  be 
furnished  and  number  ol  Ins  required.  Hot  water 
to  be  furnished  in  certain  factories. 

II.  Water-closets:  when  to  tie  installed  and  ratio  of  num- 
ber required  to  number  of  occui 

III.  Use  of  cellars:  how  permitted  (line  must  be  drawn 
between   cellar  and   bas.ni.  nt   i 

3.  Requirements  Other  than  Those  from  Occupancy:  This 
suhjiit  should  occupy  the  next  chapter  of  the  code.  It  di- 
vides itself  into  the  following  headings: 

(a)  Restrictions  on  Height.  This  is  usually  determined 
by  the  zone  in  which  the  building  is  located  or  by  the  width 
of  the  street  on  which  it  fronts  It  should  be  given  in  feet 
rather  than  in  stories  and  Bhould  be  calculated  from  the  top 
of  curb  (average  curb  If  street  is  on  a  grade)  to  top  of  the 
front  wall.  Height  of  pent  houses  and  roof  structures  should 
be  governed  by  a  line  -loping  bach  from  the  top  of  the  front 
wall  at  a  given  angle 

(b)  Restrictions  on  Types  of  Construction. — These  may 
be  determined  bj    tie     tone  in  which  the  building  is  located, 

or  by   the  SX] n  the   width   of  the  street   on  which   it 

faces  or  its  distance  from  other  buildings)  or  by  the  height 
of  the  building. 

(c)  Projections  Over  Building  Line.  I  Cornices,  string 
courses,  balconies,  bay  window  marquees,  steps 
and  areaways:  the  projection  ot  iteps  and  areaways,  if  al 
lowed,  is  usually  given  as  a  percentage  of  the  width  of  the 
sidewalk.  Porticos  are  usuall]  restricted  to  a  percentage  of 
the  frontage  of  the  building  Marquees  may  usually  project 
to  the  curb,  but  must  be  a  given  height  above  the  sidewalk. 
Continuous  String-course,  balconies  or  cornices  (except  the 
main  cornice)  are  usually  allowed  to  project  a  foot  or  two. 
The  projection  of  main  cornices  should  be  governed   by   the 

of  the  building  and    the   width   of   the   sidewalk.      Iso- 
lated balconies  may  pr c(  Bev<  ral  feet  hut  should  not 

more  than  a  given  percentage  ..i  the  frontage,  Provision 
Bhould  be  made  (o  coll.-,  i  rain  water  falling  on  roofs,  cor- 
nices, marquees  and  n  to  dispose  of  it  so  that  it 
is  not  discharged  upon  the  sidewalk.  It  is  also  suggi 
that  the  upper  surface  ,,f  window  sills  and  string  courses  be 
bo  sloped  as  to  pi  ccumulation  of  snow  or  tin 
standing  thereon  of  articles  liable  to  fall  upon  passers-by. 
II.     Projections  under  the  sidewalk:     If  the  street  is  likely 
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to  be  occupied  by  a  subway,  the  projects  ol  foundations 
•beyond  the  building  line  should  be  prohi  ted  The  space 
below  the  sidewalk  may  usually  be  occupi.  v.  s  vault,  but 
if  this  is  permitted  it  should  i"1  bj  revoci  license.  It  is 
not   uncommon  to  reserve  a   given  space  en   the  curb 

line  and  the  outer  side  ol  the  vault  tor  pipi         d  i  onduits. 

Hi'     Party   walls:    their  construction    sho   Id    onlj    be   per- 
mitted where,  by  mutual  agreement   beta  aing  own- 
ers,  they  become  an  easement  and  their            lit  ion  is  not 
i   except    by   mutual   consent;    but    the   channeling    ol 
such  a  wall  for  columns  should  be  permitted.     A   minimum 
ace  between  the  party  line  and  the  ends  oi  beam     >     I 
ing  on  stub  a   wall  should   be   prescribed.     The   method   of 
strengthening   such   walls    by    underpinning    and    addition    ol 
thickness  should  be  giveu  in  detail 
iv.     Carrying  up  chimneys:   whore  a  new  building  is  built 
contiguous   to   and   higher   than   a    wall   in   which    there   are 
il    i>  usual  to  require  that  those  flue!  i   up  to 
the  level  of  the  new  building  by  the  owner  of  the  latter,  at 
his  own  expense. 

PART   II— CONSTRUCTION. 

4.  Structural   Design. — The  necessary  dat. 

(a)  The  loading  for  which  floors  must  be  calculated. 
These  have  already  been  given,  but  in  tall  buildings  where 
the  live  load  is  comparatively  small  and  shifting,  however, 
it  is  usual  to  neglect  a  portion  or  all  of  it  in  designing  the 
foundations  and  the  columns  of  the  lower  stories. 

(b)  Roof  loading  and  wind   pressure. 

(c)  Allowable  bearing  on  soils. 

(d)  Allowable  stresses  on  materials. 

(e)  Formulae  to  be  used. 

5.  Details  of  Construction. — This  section  should  prescribe 
those  features  which  it  is  not  possible  to  obtain  by  calcula- 
tion, but  which  experience  has  shown  to  be  necessary.  They 
are  best  segregated  into  portions  of  the  building  thus: 

la)     Foundations. 

Protection  of  steel  against  corrosion,  details  of  caisson  con- 
struction, types  of  concrete  or  composite  piles. 

(b)     Walls  and  partitions. 

Minimum   thicknesses,   combination   of   different   materials, 
ton   and   cage   construction,    bonding,   hollow    walls,   re- 
ceases  and  chases,  arches,  parapets,  fire-stops  in  studding. 

i  c  >     Floors. 

Bearing  of  beams,  beveling  of  ends  of  joists,  bedding  of 
sleepers,  provision  against  dry  rot,  framing  around  chimneys 
and  hearths,  provision  for  disposal  of  water  from  fire  .hose 
■(sruppers). 

(d)     Roofs.     Guards  on  skylights 

(dd)     Towers,  turrets  and  spires. 
Stairs.     Height  of  hand  rail. 

(f)  Chimneys  and  fireplaces. 

(g)  Installation    of   heating    apparatus. 
(h»     Plumbing   and   drainage   regulations. 

iii     Installation  of  electric  wiring  and  apparatus 

(j)     Elevators  and  dumbwaiters  and  their  enclosures 

(k)     Gasoline   storage  tanks. 

(1)     Theater  curtains. 

(m)     Flagpoles. 

(n)     Roof  signs. 

(o)     Fences. 

i  pi     Parade  stands. 

6.  Specifications  of  Materials  and  Workmanship.  This 
section  should  follow  the  lines  of  an  architect'  specification, 
but  prescribing  only  those  features  necessary  for  safety  and 
security. 

(a)  Masonry. 

Quality  of  brick,  stone,  terra  cotta.  cement,  sand,  etc.; 
Method  of  mixture  of  motor  and  concrete.  Quality  of  rein- 
forcing  steel  and  method  of  placing.  Location  of  points  for 
stoppage  of  work  and  expansion  joints. 

(b)  Steelwork   and   cast    iron. 

Quality  of  materials,  detail  of  connections,  protection 
■  against  corrosion. 

(c)  Carpentry. 

Quality  of  material,  method  of  framing. 

7.  Methods  of  Construction. — This  section  refers  to  the 
processes  to  be  followed  during  the  actual  erection  of  the 
building. 

(a)     Shoring   and  underpinning. 

Shoring  of  sides  of  excavation  and  of  walls  of  adjoining 
buildings.      Underpinning  walls   to   deepen   foundation. 


I  In      Concrete    forms. 

Method  of  making  and   removing.     Length  of  time  to  be 
allowed    for     etting    ol   concrete. 
ui     Protection   ol   passers-bj 

Sidewalk   platforms. 

(d)  Protection   of   workmen. 

Guards   at    elevators,    construct  inn    of   scaffolds. 

(e)  Demolition   of   buildings 

(fl     Temporary   safeguards    tor    unsafe    buildings. 

PART    III— ADMINISTRATION. 
8.      Enforcement  of  the  Provisions  of  the  Code.-  This  should 

be   placed    in   the   hands  of  a    Superintendent    of   Buildings, 

who  should  be  appointed  for  a  lout:  period,  say  ten  years. 
subjecl  to  removal  only  for  cause,  and  who  should  have  the 
necessary  assistants  of  his  own  selection  to  enable  him  to 
execute  the  following  duties  and   powers: 

(a)  Interpretation  of  Code.-  He  should  issue  regulations 
interpretative  of  the  code;  if  necessary,  establish  tests  to 
be  used  to  determine  the  qualities  of  material  and  conduct 
tests  of  new  materials.  He  should  have  the  right  to  decide 
if  and  when  materials  and  fm  ins  of  construction  not  covered 
by  the  code  should  be  used. 

(b)  Permits  to  Construct. — No  construction  should  be 
started  without  a  permit,  to  he  issued  after  the  plans  and 
specifications  have  been  examined  to  determine  whether 
they  fully  comply  with  the  code.  Applications  for  permits 
should  bear  the  consent  of  the  owner. 

(c)  Inspection  of  Work. — Provision  should  be  made  for 
frequent  inspection  during  construction,  and  means  provided 
to  rebuild  work  done  in  violation  of  the  code  and  to  imme- 
diately correct  any  condition  which  is  dangerous. 

(d)  Certificates  of  Occupancy. — No  building  should  be 
occupied  until  a  final  inspection  is  made  and  a  certificate 
issued  to  show  that  the  building  complies  with  the  pro- 
vision- of  the  code  and  is  considered  thereby  suited  for  the 
purpose  for  which  it  is  intended.  This  certificate  should  be 
required  to  be  kept  in  evidence,  and  no  change  of  occupancy 
permitted  without  the  necessary  alterations  and  a  new 
certificate. 

(e)  Building  Surveys. — Provision  should  be  made  for 
periodic  inspection  of  completed  buildings  to  see  that  they 
are  safe  and  suitable  for  the  purpose  for  which  they  are 
being  used.  Powers  should  be  granted  to  cause  corrections 
of  any  faulty  condition,  immediately,  if  necessary.  A  fund 
should  be  provided  for  emergency  work  of  this  character. 

(f)  Procedure  in  Case  of  Disaster.— It  should  be  the  duty 
of  the  police  to  summon  a  representative  of  the  Superin- 
tendent of  Buildings  in  cases  of  collapse  of  buildings  and  all 
rescue  or  demolition  work  should  be  under  his  direction. 

(g)  Appeals— Right  of  appeal  should  be  granted  from  the 
decisions  of  plan  examiners  or  inspectors  to  the  Superin- 
tendent and  from  his  decisions  to  a  Board  of  architects, 
engineers  and   builders. 


Retail  Prices  of  Food  Decrease 

The  U.  S.  Department  of  Labor,  through  the  Bureau  of 
Labor  Statistics,  has  completed  the  compilation  showing 
changes  in  the  retail  cost  of  food  in  27  principal  cities  of  the 
United  States.  During  the  month  from  Dec.  15,  1921,  to  Jan. 
15,  1922.  there  was  a  decrease  in  all  of  these  cities,  as  follows: 
In  Salt  Lake  City  and  Savannah,  9  per  cent;  in  Providence,  8 
per  cent;  in  Manchester,  New  Haven  and  New  York,  7  pdi 
cent;  in  Louisville,  Milwaukee.  Minneapolis,  Norfolk. 
Pittsburgh  and  Rochester,  6  per  cent;  in  Birming- 
ham, Chicago,  Columbus,  Peoria  and  Seattle,  5  per 
cent:  in  Baltimore,  Kansas  City,  Little  Rock,  Philadel- 
phia, St.  Louis,  Springfield  and  Washington,  D.  C,  4  per  cent; 
in  Cincinnati  and  Indianapolis,  3  per  cent;  in  New  Orleans,  1 
per  cent. 

As  compared  with  the  average  cost  in  the  year  1913,  the 
retail  cost  of  food  on  Jan.  15,  1922,  showed  an  increase  of  50 
per  cent  in  Washington;  48  per  cent  in  New^  York  and  Provi- 
dence;-46  per  cent  in  Baltimore  and  Manchester;  45  per  cent 
in  Chicago;  44  per  cent  in  Birmingham,  New  Orleans  and 
Philadelphia;  43  per  cent  in  Kansas  City;  42  per  cent  in 
New  Haven;  40  per  cent  in  Cincinnati.  Milwaukee  and  Pitts- 
burgh; 38  per  cent  in  St.  Louis;  36  per  cent  in  Indianapolis 
and  Minneapolis;  35  per  cent  in  Little  Rock;  31  per  cent  in 
Louisville;  29  per  cent  in  Seattle;  and  21  per  cent  in  Salt 
Lake  City. 
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Summary  of  Income  Tax  Rates  and 
Requirements 

[im.  ■  mis  must  i"'  Bled   with  the  Collector  ol 

Interna]   Revenue,  and   the  first   Installment    paid  not   later 
than  March  16.    The  entire  tax  m  i     bi    paid  in  one  install 
u   divided  into  4  equal  paymei  red      Because 

manj   questions  arising  on  this  subject  at  this  time 
•    we  print  the  following  summary  which  appeared  in 
ebruarj    issue  ol  "Letax."     It   was  prepared  by  Lefax 
from  an    Explanatory   i>i>:e>.i    by    Wiegner,   Rockey   and   Co., 
Certifled    Public    Accountants    ot    Philadelphia.    Editor,    En- 
gineering and  Contracting.] 

Net  Income  and  Computation  of  Tax.— (New  Revenue  Act 
of  1921i  An  Individual  i>  taxed  on  taxable  net  income. 
Under  the  act  the  net  Inoome  is  determined  bj  deluding 
from  statutory  gross  Income  all  '■  deductions  permitted 
by  law.  Tin-  net  income  is  subject  to  both  a  normal  income 
i  a  surtax. 

Gross   Income. — Gross   Incom tides  all   gains,   profits, 

and  Im  d  from  any  sourci    whatever,  whether  legal 

or  Illegal,  but  does  not  Include  the  following: 

Exempt   Income. -ill     The  proceeds   ol    life   insurance  pol- 
I  aid  upon  the  death  of  the  Insured. 

(2)  Amounts  received  as  a  return  ol  premiums  paid  under 
life  insurance,  endowment,  or  annuitj    contracts. 

(3)  Property  acquired  by  gift,  bequest,  devise,  or  descent. 
i  The   Income,  however,  from   BUCl  is   taxable.) 

(4)  Interest  upon  the  bond  te  or  territory  or 
political  subdivision,  or  of  the  1'mted  States  if  issued  be- 
fore September  1.  1917.  (United  states  bonds  and  War  Fi- 
nance Corporation  bonds  issued  after  September  1,  1917, 
are    exempt   only   to   the   extent   specially    provided    by    law. 

hart) 

(5)  Income   of  foreign  governments. 

1 1;  i  Amounts  received  as  a  result  of  personal  injuries 
or  sickness  from  insurance  or  suit 

{"'i  Income  accruing  to  a  state  or  territory  or  political 
subdivision  from  the  operation  of  any  public  utility  or  of 
am    .  -sential  governmental  function. 

(8)  The  income  of  a  nonresident  alien  or  foreign  corpora- 
tion which  consists  exclusively  of  earnings  derived  from  the 
operation  of  a  ship  or  ships  documented  under  the  laws  of 
a  foreign  country  which  grants  an  equivalent  exemption  to 
citizens  of  the  United  States  and  to  corporations  organized 
in  the  United   States. 

Amounts  received  as  compensation,  family  allotments 
and  allowances  under  the  War  Risk  Insurance  and  Voca- 
tional Rehabilitation  Acts,  or  as  pensions  from  the  United 
States  for  services  of  the  beneficiary  or  another  in  the 
military  or  naval  forces  of  the  United  States  in  time  of  war. 
Dividends  or  interest  not  in  excess  of  a  total  of  $300 
received  by  an  individual,  after  December  31,  1921,  and  before 
January  1,  1927,  from  domestic  building  and  loan  associa- 
tions, operated  exclusively  for  the  purpose  of  making  loans 
to  members. 

TABLE    1—  RATES    FOR    1921    AND   1922. 
iChart    shows    the    tax   payable    by   a    married    person   or   head   of 
family,  hut  dm  s   not   tak.-  .  ■ 

depend) 


Total  Tax 

Total  Tax 

NVt 

Total 

Net 

Total 

1922  and 

Income. 

thereafter. 

ih.  reafter. 

0 

0 

10,490 

9,900 

0 

$Z0 

11,870 

11,240 

60 

11,940 

uw 

12,660 

170 

160 

14,160 

15,670 

•• 

18.190 

1,440 

19,140 

■ 

■ 

21.840 

30,140 

81,190 

144,840 

i  II  i  The  rental  value  of  a  dwelling  furnished  to  a  min- 
ister as  part  of  his  compi  n  atlon. 

i  l.i     The    receipt  nors'   mutual   protection   and 

Indemnity  associations,  not  organized  for  profit  (but  net  in- 
come from  interest,  dividends  and   rents  are  taxable). 

Income  from  Salaries.  The  compensation  an  individual 
reci  Ives   tor  personal  is  taxable  income,  regardless 

ol  the  form  in  which  It  Is  paid. 

Liberty  Bonds. — All  of  the  contingent  exemptions  and  sev- 
eral other  exemptions  on  other  Liberty  Bonds  have  been 
abolished  and,  in  lieu  thereof,  a  general  exemption  of  the 
interest  on  any  4's  or  4V-.  on  an  aggregate  principal  amount 
of  $125,000  is  exempt  from  January  1  1921,  until  two  years 
after  peace  is  proclaimed  by  the  president  and  for  three  years 
more  on  an  aggregate  principal  amount  of  $50,000. 

The  president  Issued  his  proclamation  of  peace  on  Novem- 
ber 11,  1921,  but  made  tl  live  to  July 
2,  1921,  thereby  officially  terminating  the  war  with  Germany 
on  July  2,  1921. 

Deductions. — A  taxpayi  I  I  allowed  to  deduct  all  the  ordi- 
nary and  necessary  expen  •  ot  business  such  as  reasonable 
salaries,  rental  and  depreciation  on  business  properties.  The 
depreciation  should  bo  computed  on  the  basis  of  cost,  or  if 
acquired  prior  to  March  I,  1913,  on  the  fair  market  price  on 
that  date. 

Interest.— A  taxpayer  can  deduct  all  interest  paid  or  ac- 
crued during  the  taxable  (rear  except  on  indebtedness  In- 
curred or  continued  foi  the  purpose  of  carrying  securities 
the  income  from  which  is  not  subject  to  tax.  The  taxpayer, 
however,  is  specifically  permitted  to  deduct  the  interest  for 
obligations  incurred  to  cany  United  States  tax  exempt  se- 
curities issued  after  September  24,  1917,  provided  that  he 
was  an  original  subscriber  to  such  bonds. 

Taxes. — An  individual  can  deduct  taxes  imposed  on  his  in- 
terest as  a  shareholder  which  the  corporation  pays  on  his 
behalf  and  for  which  it  receives  no  reimbursement. 

Wash  Sales  and  Losses.  When  sales  are  made  for  taking 
a  loss  and  immediately  thereafter  the  property  is  re-acquired 
the  sale  is  popularly  known  as  a  "wash  sale."  In  such  a  case 
you  cannot  deduct  the  loss. 

Losses.— Losses  from  business  transactions,  fire,  storm, 
shipwreck,  or  other  casualty  or  theft  (whether  or  not  con- 
nected with  the  business)  are  deductible.  Before  determining 
the  amount  of  deductible  loss,  it  is  necessary  to  reduce  the 
loss  by  the  amount  of  any  insurance  received. 

Reserve  for  Bad  Debts. — The  new  Act  provides  that,  in  the 
discretion  of  the  Commissioner,  a  reasonable  addition  to  a 
reserve  for  bad  debts  may  be  deducted. 

Amortization. — No  claim  may  be  made  for  the  amortiza- 
tion of  assets  constructed  after  1921  unless  a  claim  therefor 
was  made  at  the  time  of  filing  the  1918,  1919,  1920  or  1921 
return.  The  allowance  for  amortization  must  be  determined 
before  March  3,  1924. 

Contributions. — This  provision  has  been  extended  to  in- 
clude not  only  gifts  to  religious,  charitable,  educational  or 
scientific  organizations,  and  the  vocational  rehabilitation 
fund,  but  also  to  posts  of  the  American  Legion,  or  to  a  com- 
munity chest,  fund,  or  foundation  organized  and  operated 
exclusively  for  religious,  charitable,  scientific,  literary,  or 
educational  purposes.  Charitable  contributions  of  this  char- 
acter may  be  deducted  to  an  amount  not  in  excess  of  15  per 
cent  of  the  net  Income  of  the  individual  before  this  deduction. 

Items  Not  Deductible-  Capital  Expenditures. — Amounts  ex- 
pended for  new  buildings  or  permanent  improvements  are 
not  allowable  deductions. 

Premiums  On  Life  Insurance.— Where  the  person  paying 
the  premium  on  a  life  In  nance  policy  is  either  directly  or 
indirectly  the  beneficiary,  the  premiums  are  not  deductible. 

Personal,  Living  or  Family  Expenses. — These  expenses  are 
not  deductible. 

It  should  be  noted  lure  that  an  individual  may  not  deduct 
as  an  expense  the  rent  of  his  residence,  but  if  he  owns  the 
residence,  he  may  deduct  the  taxes  he  pays  thereon,  as  well 
as  Interest  paid  on  mortgages  on  the  property. 

Proprietor's  Salary  While  a  proprietor  of  a  business 
properly  may  deduct  his  salary  as  an  expense  of  the  busi- 
on  his  books,  he  should  not  do  so  in  reporting  the  in- 
. nine  of  his  business  ou  his  tax  return. 

Rent. — All  rent  paid  or  accrued  for  the  use  of  property  in 
C lection  with  the  business  of  the  taxpayer  may  be  de- 
ducted. Rent  of  living  quarters  or  residence  may  not  be 
deducted. 
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Methods  of  Reinforcing  Phoenix  Col- 
umns for  Elevated  Railway 

Interesting    methods    were    employed  einforclng    the 

lower  ends  oi  about  200  columns  tor  one  ited  rail- 

ways   i"    Brooklyn.    N.    V.      These    column  Circular 

cross  sections,  made  up  ol   six  circular 
riveted    together    vertically.     The   reinfori  made 

i Bsarj    by  the  corrosive  action  on  the   columns  of  rain- 
water which   entered   through   an  opening    between   the  col- 
umns  and    the    east    iron    wheel    guards    around    tho   feet   of 
the  columns      The  methods  are  described  b      h 
junior    engineer,    Transit    Construction    Commission    of    .New- 


rig.     1.— Reinforcing    Columns    by    Riveting    Steel    Plates    on    Each 
Side   of   Joints. 

York  City    in  the  February  Cornell  Civil  Engineer,  to  which 
we  are  indebted  for  the  matter  in  this  article. 

The  methods  used  in  reinforcing  the  columns    may   he  di- 
vided into  two  types  as  shown  by  Pigs.  1  and  2. 

In  type  one,  shown  on  Fig.  1.  the  reinforcement  consisted 
of  riveting  a  steel  plate  %  in.  by  3  in.  by  about  ?,  ft.  on  each 
side  of  ili.'  six  column  joints.  The  cast  iron  wheel  guard 
was  raised  up,  by  sliding  it  over  the  column  with  the  aid  of 
hooks  and  topes,  the  ropes  passing  through  a  tackle  fastened 
to  i he  cross  girders,  to  a  height  of  about  10  ft.  Since  in  this 
type  the  column  base  was  below  the  streei  b  |,  the  pave- 
ment was  broken  up  for  2  ft  on  each  side  of  the  column  and 
for  a  depth  sufficient  to  expose  the  column  base  The  plates 
were  then  riveted  on,  the  lower  ends  resting  on  the  column 
base.  Concrete  was  then  poured  in  the  excavation  to  within 
6  in.  of  the  pavement.  A  circular  steel  collapsible  forn 
then  used  for  this  purpose.  The  cast  iron  wheel  guard  was 
lowered,  after  this  concrete  had  set,  and  then  filled  with 
cement  grout  to  within  3  in  of  the  top.  The  remaining  3 
in.  were  then  filled  in  with  a  bituminous  mixture  going  under 
the  trade  name  of  "Healing  Cement."  This  cement  is  sup- 
posed to  expand  and  contract  with  the  changes  in  tempera- 
ture, and  does  not  become  brittle  and  crack,  thus  keeping 
the  water  out  of  the  wheel  guard. 

In  the  second  type  of  reinforcement,  shown  on  Fig.  2,  the 


Fig.  2.— Reinforcing   Columns  by   Stiffener   Plates  and   Concrete. 

columns  set  into  large  cast  iron  bases.  The  method  of  rein- 
forcing the  columns  here  was  as  follows:  A  tapered  steel 
Plate  U  in.  thick,  about  2  ft.  3%  in.  long  and  tapering  from 
4  in.  at  the  bottom  to  2  in.  at  the  top,  was  riveted  on  each 
side  of  the  six  columns  through  an  opening  made  in  the  side 
by  cutting  out  a  section  about  a  foot  square  at  a  point  4  ft. 
above  the  base  of  the  column.  These  reinforcing  rods  were 
held  in  place  by  wire  spacers.  Concrete  was  poured  into  the 
columns  around  these  rods  and  the  section  of  steel  plate, 
which  had  been  cut  out,  replaced.  Grout  was  then  poured  in 
on  top  of  the  concrete  joints.  Seven  1  in.  twisted  steel  re- 
inforcing rods  about  6  ft.  long  were  inserted  into  the  col- 


umns through  a  small  hole  drilled  lor  that  purpose  in  the 
column  so  as  to  thoroughly  cover  the  reinforcing  rods.  In 
addition,  si\   %   in.  bolts  were  Inserted  through   the  column 

horizontally.      The   east    iron    »i 1    guard    was   then   replaced 

and  ailed  with  concrete  as  in  type  Since  the  reinforc- 
es extend  from  the  base  of  the  column  t.> 
6   [(    and  are  incased  in  solid  concrete  this  makes   what  is 
practically  a  reinforced  concrete  section  «  n.   high  for  this 
tj  i"'  of  column. 


Remodeling  Old  Building  to  Meet  Modern 
Office  Requirements 

The  remarkable  manner  in  which  buildings  may  be  re- 
modeled to  meet  the  present-day  requirements  for  offices  was 
exemplified  recently  in  the  reconstruction  of  the  Washing- 
ton Building,  1  Broadway,  New  York  City,  states  the  Contract 
Record. 

This  building  was  built  in  the  early  eighties.  It  was  14 
Stories  high  and  of  bearing  wall  construction,  the  floors  being 
nted  by  the  walls  and  interior  cast  iron  columns.  The 
foundations  for  the  most  part  went  down  to  rock  and  the 
walls  laid  up  in  good  cement  mortar  which  was  somewhat 
unusual  for  buildings  constructed  in  those  days.  It  was 
found  on  examination,  however,  that  the  brick  piers  between 
windows  were  cut  into  by  recesses  for  pipes,  chimney  flues, 
etc.,  so  that  great  care  had  to  be  taken  not  to  overload  the 
brickwork.  For  this  reason  an  enormous  amount  of  shoring 
and  scaffolding  was  used  when  the  old  brick  was  being  re- 
placed by  Indiana  limestone. 

The  main  structural  feature  of  the  reconstruction  was  the 
removing  of  an  entire  row  of  eight  columns,  and  two  others, 
or  ten  in  all,  for  three  tiers,  leaving  a  clear  space  between 
the  Battery  Place  wall  and  the  court  wall.  To  do  this  it 
was  necessary  to  carry  the  11  stories  above  on  large  plate 
girders  to  the  wall  columns.  The  old  ground  floor  was  re- 
moved and  a  new  floor  put  in  about  a  foot  higher.  This  floor 
was  carried  on  new  plate  girders  running  from  one  wall  to 
the  other.  They  were  made  double,  one  on  either  side  of 
the  column  which  was  later  removed.  The  old  second  floor 
was  removed  together  with  the  columns  above  and  below  it. 
The  girders  on  which  the  old  columns  were  to  rest  were 
composed  of  a  48x%  in.  web  plate,  two  8x6x1  in.  flange  angles 
and  four  21x%  in.  cover  plates  for  each  flange.  They  were 
41  ft.  9%  in.  long. 

An  elaborate  system  of  shoring  was  arranged  to  raise  the 
girders  and  hold  them  in  place  in  case  an  accident  should 
happen  to  the  hoisting  apparatus.  They  were  raised  by 
means  of  wooden  Howe  trusses,  which  rested  on  the  second 
floor  from  which  a  chain  block  arrangement  hung.  As  the 
girders  were  raised  into  position,  a  timber-crib  blocking 
was  built  up  near  each  end  so  that  the  girder  could  not  fall 
more  than  a  few  inches.  One  of  these  girders  was  raised 
to  the  required  height  on  either  side  of  the  column  to  be 
removed  and  a  very  heavy  bracket  was  riveted  to  the  col- 
umn, resting  slightly  above  the  girder.  In  this  space  six  steel 
wedges  were  placed,  three  between  each  bracket  and  girder. 
These  wedges  were  33  in.  long,  6%  in.  wide  and  iy2  in. 
thick  at  the  butt,  tapering  down  to  about  y8  in.  at  the  other 
end. 

The  wedges  were  driven  in  until  the  ultimate  deflection 
of  the  girder  had  been  obtained.  If  this  was  not  obtained 
before  the  wedges  had  been  driven  in  as  far  as  possible,  two 
pair  were  driven  in  a  little  farther  to  allow  the  other  pair 
to  be  taken  out.  A  shim  plate  was  inserted  and  the  wedge 
driven  in  again.  This  operation  was  repeated  for  the  other 
two  pairs.  In  this  manner  the  entire  weight  of  the  11  stories 
above  was  transferred  from  the  column  to  the  girders,  the 
wedges  being  used  to  assure  that  the  ultimate  deflection  had 
occurred  before  the  columns  were  removed.  The  wedging 
was  spread  over  two  weeks  and  the  girders  were  deflected 
from  %  in.  to  25/32  in. 

Th  next  operation,  after  it  was  evident  that  the  girders 
were  carrying  all  the  load,  was  to  burn  off  the  heavy  cast 
iron  columns.  This  was  done  by  means  of  an  acetylene  gas 
torch.  When  the  columns  were  removed,  each  pair  of  girders 
was  connected  by  a  pair  of  plate-girder  diaphragms  directly 
under  the  column.  The  space  between  the  girders  and  the 
diaphragms  is  to  be  filled  with  concrete  and  the  cast  iron 
columns  above  are  to  be  filled  with  grout  or  concrete  up  to  the 
top  of  the  bolts,  from  the  brackets  to  avoid  any  danger  of  the 
latter  rusting  out. 
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Experiences    of    Santa    Fe    Ry.    with 
Creosoted  Timber* 

By  A    l\  ROBINSON, 

ed  piles  were    .-■■•■    n  18 .  •  Id  an  open  deck 
ridge  built  across  Galveston   baj      The  Bi 
ballasted   deck    pile   brldj  on    the 

Santa    Pi    late  In   1899      The  creosoted   timber 

flooring    waa   used    on   a    ballast    d  al    Los 

Angeles.  When  the  joint  track  elevation  bridges  were  built 
al   Chicago,   creosoted   timber   flooring    was   used   to  Bupport 

the   ballast     Following    LI the   use  ol       i. .teased 

very  rapidly,  at  bj  1908  almost  <  timber  used  In  bridges 
was  creosoted 

Earlier    Treatments.      From     1"    to     I-    lb.    ol     creosote     pel 

cubic  tool  ol  timber  were  tirst  U-.  ii  tor  structures  on  land 
or  fresh  water  For  structures  In  sail  watei  a  much  heaviei 
treatment  was  required      M  pre  em   pile    tor  marine 

a  light  steaming  and  then  from  JO  to  26  lb.  of  creosote 
per  '  .  timber  an    forced   In,  or  all  the  creosote 

the  timber  will  take  For  about  10  years  southern  pine  has 
been  treated  bj  the  full  cell  proce  s,  some  it  to  16  lb.  of 
i  cubic  tool  ol  timber  being  used.  At  all  ol  the 
Santa  Fe  treating  plants  southern  pine  tor  land  structures 
is  air  seasoned  and  then  creo  oted  without  steaming  or  tem- 
perature. When  we  commenced  using  creosoted  material 
the  treating  was  done  al  nts  and  the  timber 

was  steamed. 

Our  bridge  list  as  of  Jan.  1,  1921,  shows  the  following  single 
track  lengths  ol  bridges.  Arches,  boxes  and  pipes  are 
omitted,  but  Trail  bridges  are  inclui 

open  deck  timber  brld 
ballae  .  age  - 

..lit  lln.  fi 

i  lln.  ft.  all   buildlni 

A si  all  i  decfc   steel   hi  reosoted  t  lm- 

i  .  r   Hi 

The  creosoted  ballast  deck  timber  bridges  from  16  to  20 
years  old  seem  to  be  in  idition  and  give  promise 

of  being  gooi  irs    more.     These   may, 

therefore,  be  considered  as  lermanent  structures.  Some  :;s 
per  cent  of  all  our  bridges  are  ballast  deck  and  almost  50 
per  cent  will  be  termed  permanent  structures.  For  main 
lone,  the  percentage  ol  ballast  deck  bridges  is  now 
68  per  cent.  No  open  deck  bridges  of  any  kind  have  been 
built  on  the  main  lines  during  the  la  I  10  years,  except  after 
washouts  or  burnouts. 

isoted  timber  bridges  bad  not  been  in  service  very 
efore  we  found  that  there  were  many  things  to  be 
learned  about  cutting,  handling  and  curing  before  treatmi  at 
also,  handling  the  treated  material  and  building  the  bridges. 
During  1909  and  1910  we  bad  a  got  d  manj  complaints  about 
rotten  piling  on  the  Beaumont  division,  which  extends  from 
Ule,  Ti  \  .  to  Long  aumoni  ami   Port 

Bolivar.     In  this  territorj    timber   ms  to  )„■  more  readily 

affected    by    decaj     than    in    anj    other    part    of    the    country 

A   few   miles   east    ol    Cleveland,   Tex.,   we    have    whi 
known    as    an    experiment  where    we    try    out    all 

kinds   o  enl    on   ties,   fence   i"i  t>    etc,     This   section 

was  taken  because  the  soil  and  climate  seemed  to  be  espe- 
cially adapted  to  produce  rot  In  .,,,  ,i  .,„,]  „n. 

t  2  lies    that 

I    timber  used   had 
ommercial  ;  ,,,,.i  about 

'    time  no   ruli  -    had    been    made   covi-rn 

might   be  lett   hi  II.  .  ,•  cutting  or 

the  tit;  to   be  cured    bi  i    think   many 

left  in  thi  01 1    i 

terial   bad  actually  commenced   to  d<  i    was  taken 

treating  plant 
Piling  Troubles  and  the  Remedies.     Pilei  .  after  being  rj 
in   the   bents,   are  sawed  off   for  capping   and   our   plan-,   called 

n  atmenl 

'-■'I  Willi 

found  a  large   pi  r  i  ■  nl   ol    thi    piles  were 


- 


ning  to  tail  at  the  a  would  be  an  outer  layer 

or  ring  of  creosoted  od  which  was  good,  but   inside 

1  ere  would  be  a  ring  ot  untreated  Bap  wood  which  was 

"'"'"  '    cases  a  good  deal  of  load 

was  beini    t  arrli  d  bj  eosoted  ring  of  sap  wood 

and  but  verj  little  load  by  thi  beartwood.  V7e  found  a  good 
man>  cases  oi  rot  starting  al  or  near  the  ground  surface. 
Decaj  also  commenced  Ii    noli      bored  tor  ewaj   brace  bolts 

or  other  purposes,     it   would  always  start  wherever  the 

CreOSOted   surface   was   disturbed   or   bruisec     rl    -,.  ■ 

Our  men  had  the  unfoi  I  t  of  i  bamferlng  thi 

ol  the  piles  at  the  ■  ;i|i    .  ...  ,i,aiii.    Frequent! 

would  cut  out   large  chii  ction     iron,   the     Ide  of  a 

pile  in  order  to  maki    thi  brai       di  im   i  traight  and  In 

every  case  of  this  kind  d  .  to    tarl  very  promptly, 

as  the  cut  in  the  timber  uauallj   extended  through  thi 
soted   layer,     fareful   studj    seemed   to   show    thai    the  cause 
of  decaj  waa  due  to  leaving  the  loads  of  the  piles  or  some 
other   portions   unprotected   or    untn 

Another  source  of  trouble  was  the  dm  in-'  ol  the  piles. 
I  found  a  good  many  cases  where  the  beartwood  had  been 
broken  loose  from  the  sap  In  the  ordinary  Steam  hammer 
the  lower  end,  about  12  !n.  In  diameter,  projects  through 
the  driving  block  and  triki  the  pile  \  i  In  i.  12  In.  In 
diameter  has  a  littl  in  one-half  the  area  of  a  16-ln. 

i  Ircle  and  only  about  two  tilths  the  area  of  one  18  in.  in 
diameter.  From  this  you  will  note  that  the  blow  from  the 
hammer  was  being  delivered  to  the  pile  over  an  area  of  less 
than  one  half  its  surface.  The  skin  friction  on  the  outer 
surface  of  the  pile  would  hold  it  up  and  the  hammer  would 
drive  the  heartwood  loos.  u  e  overcame  this  by  providing 
a  driving  head  18  In.  In  diameter  which  rested  squarely  on 
the  bead  of  the  pili  .,  arranged  that  the  blow  from 

the  hammer  must  be  distributed  over  the  entire  surface  of 
the  pile. 

As  a  remedy  for  the  al ti    ubles  we  cut  down  the  piles 

to  good  solid  material  and  in  erted  framed  bents  or  blocking 
al  varying  heights.  When  the  piles  were  sawed  the  freshly 
cut  surfaces  were  treated  with  three  or  four  coats  of  hot  cre- 
osote mixed  with  heavj  road  oil.  A  sheet  of  some  kind  of 
prepared  roofing  was  then  applied  over  the  fresh  coa 
after  which  the  creosoted  timber  bent  was  put  into  00 
and  drift  bolted  to  the  piles.  These  repairs  were  made  more 
than  ten  years  ago  and  up  to  present  writing  we  have  not 
i n  able  to  detect  anj   mon    indications  of  decay. 

When  we  cut  out  thi  i  piles  tin'  cross  sections  were  ex- 
amined very  carefully  and  it  was  found  thai  the  creosote  had 
penetrated  the  piles  verj  irregular.  On  one  side  the  I 
ment  would  be  almost  a-  thm  as  a  sheet  of  paper  and  on 
the  other  side  it  might  be  -  in  thick,  the.  thickness  ol  thi 
treatment  varying  all  around   I  ol    the  piling      W( 

figured  that  this  was  .1  ie  to  moisture  in  the  piling,  which 
resulted  from  the  steaming  ami  the  improper  seasoning. 
At  our  own  treating  plant  at  Somerville  all  material  except 
that  used  in  marine  work  is  carefullj  air  cured  and  reci 
no  steaming  of  any  kind  As  the  result  of  this  handling,  we 
have  been  able  to  gel  a  very  uniform  penetration  ol  the 
creosote.  On  Hie  other  parts  ..i  the  Santa  F6  >\-iem  wi 
have  had  very  few  piles  failing  at  the  caps.  The  t 
has   been   overcome  ime    manner   as    noted    for    the 

Beaumont   division. 

Air  Seasoning  of  Untreated  Sleepers.     Examination  of  tin' 

tringen    in   balls  I   di    '    bridges  where  steaming  was  done 

in   treatment   showed  .■   condition     Imilar  t..   the  piling,   but 

it  was  not  so  extensive     in  ■>  es  we  have  found 

on the  outer  stringers  decayed   on   the   upper  surface, 

as  a  result  of  the  |rn  ti  ition  of  tin-  creosote 

When    .'  el  oning  material  al 

erville  untreated  timber     leepei     were  used  tee  suppo 
piles  of  timber   or   piling       It    was   not   very   long   before    we 
discovered    that    tic   •     untreated    timber    sleepers    were    start- 
gTOWth    Ol    i  iii    the    timber    piles    that 

rested  on  them,  tin  quently  extending  cleai   to  the 

top  of  the   pile  of  tinih.  i        \\  .    verj    soon   found   that    we  iiin-t 

teel  i  beams  or  con- 

[Ol     BUPPOrting    tin     piles    <  •  I    timber    and    piling,    as    this 

■  only  means  by  which  we  could  get  the  timber  WI' 
erly  seasoned  without   .an    Ing   decay. 

Close  attention  i  in  the  air  seasoning  of  timber 

piling,    if  the  sap  has  commenced  to  turn  or  sour,  tin'  | 

<<!'■■     ■  .11   not    I in.  tiVi        Ii.      pi  ..liable   that   dill.- < 
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rules  will   in-  required   in   different   Bectioi  the   country 

where  the  moisture  conditions  differ. 

Field  Treatment  of  Piles.  As  the  result  of  our  trouble 
from  the  rotting  of  piles  at  the  caps  we  made  an  extended  list 
on    a    Held    treatment    of    piles    when    cut  caps.      With 

our  first  apparatus  we  were  able  to  get  about  ^  in.  end 
penetration  of  the  creosote.  Several  first-class  creosoted 
piles  were  cut  into  lengths  of  about  three  feet  and  also  a 
similar   number    of    untreated    piles    which  reasonably 

well  seasoned.     A   part  of  these   short   creosoted   specimens 
ed   the   end    treatment   with    our   pn  pparatus. 

The  other  samples  were  painted  with  various  kinds  of  pre- 
ig  material  and  also  several  kinds  of  R  i  \\  "  paint. 
After  the  coatings  had  properly  dried  these  short  pie..  o) 
piling  were  set  up  in  a  trench  in  the  ground  en  the  right-of- 
way  two  miles  east  of  Cleveland.  Tex.  These  pile  butt 
set  in  an  exact  line  and  at  the  same  elevation. 
A  cap  12  in.  wide  and  4  in.  thick  was  placed  on  top  of  the 
row  of  pile  butts  so  that  the  test  would  be  relatively  the 
same  as  in  the  bent  of  a  pile  bridge. 

We  have  examined  these  pile  heads  annuallj  toi  8  years. 
At  present  the  samples  of  creosoted  piles  having  pressure 
treatment  on  the  ends  and  several  of  those  receiving  brush 
coatings  on  the  ends  are  still  in  good  condition.  These  in- 
vestigations lead  me  to  feel  that  a  brush  coating  of  hot, 
heavy,  creosote,  of  Reeves  Wood  Preserver  and  Toch's 
"R  I  W"  paint  will  protect  the  freshly  cut  heads  of  creosoted 
pile  for  a  long  time.  I  am  not  as  yet  certain  whether  it  will 
be  necessary  to  use  the  pressure  treatment  for  the  ends  of 
piles,  since  the  brush  coating  seems  to  be  giving  extremely 
good  results  thus  far  and  the  application  of  this  brush  coating 
will  cost  considerably  less  than  the  pressure  treatment. 

Rules  for  Handling  Treated  Timber.— Investigations  made 
seem  to  show  that  the  following  rules  must  be  adhered  to 
absolutely  in  handling  treated  timbers: 

1.  Treated  timber  must  not  be  cut,  bruised  or  handled  in 
a  rough  manner.  Grab  hooks  or  dogs  should  not  bo  used  in 
handling  the  material,  unless  the  holes  made  by  the  hooks 
are  carefully  plugged  with  creosoted  pins. 

2.  The  driving  of  piles  must  be  done  with  a  hammer  which 
will  not  split  them  or  break  the  sap  loose  from  the  heart- 
wood. 

3.  Any  cut  surfaces  or  bored  holes  must  be  carefully 
treated  with  hot  creosote  and  the  holes  plugged. 

4.  Where  solid  stringers  are  used  in  ballast  deck  bridges 
without  any  cross  planking  it  is  necessary  to  make  end  cuts 
on  some  of  the  sticks  on  account  of  the  variation  in  panel 
lengths  of  bridges  due  to  driving  of  piles.  These  freshly 
cut  ends  must  be  thoroughly  coated  with  creosote  before  the 
stringer  deck  is  placed. 

Standards  for  Ballasted  Deck  Pile  Bridges.— In  1910  we 
made  a  new  sot  of  standard  plans  for  ballasted  deck  pile 
bridges.  In  these  plans  the  stringers  were  spaced  7  in. 
apart  in  the  clear  and  lapped  by  one  another  on  each  second 
cap,  cross  planking  being  used  to  hold  the  ballast. 

The  stringers  called  for  in  these  new  plans  were  7  in.  by 
16  in.— 30  ft.  and  they  had  a  working  depth  of  15%  in  We 
soon  found  a  sufficient  supply  of  these  30-ft.  stringers  could 
not  be  obtained  within  roach  of  our  lines  in  Texas  and 
Louisiana,  and  as  a  result  the  plans  were  adopted  for  ter- 
ritories where  we  used  only  Oregon  fir  stringers.  In  open 
deck  timber  bridges  the  stringers  and  ties  are  untreated, 
but  for  some  years  past  the  ties  on  open  deck  steel  bridges 
have  been  creosoted.  The  ties  are  always  run  through  a 
surfacing  machine  and  brought  to  exact  depth. 

While  Oregon  fir  loses  a  considerable  percentage  of  its 
strength  as  a  result  of  steaming  or  boiling  during  treatment, 
we  have  had  no  stringers  break  under  traffic.  Fir  caps  in 
bridges  built  under  our  old  standard  plans  have,  however, 
given  some  trouble.  A  good  many  fir  cap  are  boxed  heart" 
Pieces  and  our  old  ballast  deck  bridges  had  too  many  drift 
bolts  through  the  stringers  into  the  caps.  The  failures  in 
caps  were  always  in  Oregon  fir  pieces.  In  almost  every  case 
of  failed  caps  I  found  the  timber  was  actually  burned  or 
charred  in  the  boiling  treatment  and  the  sticks  broken  up 
into  rings,  much  like  the  layers  in  an  onion.  Culling  "boxed 
heart"  pieces  and  holding  the  boiling  temperature  to  a  maxi- 
mum of  220°  F.  very  largely  stopped  the  trouble  with  the 
fir  caps. 

Considerable  timber  has  been  used  for  the  floors  in  ballast 
deck  bridges.    When  we  figure  interest  on  the  excess  cost  of 


the  ballast  deck  over  the  open  deck  structure  and  also  the 
■  •>  i  of  maintenance  we  can  show  a  very  interesting  saving 
from  the  use  of  the  bridges  having  the  ballast   decks. 

An  interesting  feature  of  the  ball.,  t  deck  bridge  is  the 
very  low  maintenance  .est  Whi  d  tl  track  has  been  thor- 
oughly bedded  and  properly  lined  ami  surfaced  almost  no 
further  expenditure  is  required  during  the  life  of  the  track 

tie.     We  have  bridges  ■  >'■ i   i [i  n  rth  which  we  have 

run  from  three  to  seven  years  without  receiving  attention 
other  than  the  lifting  of  a  few  joint  rare  intervals. 

Roller  Shoe  for  Girder  Spans 

An  interesting  detail  of  the  recently  completed  Sixteen 
Mile  Creek  bridge  near  Oakville,  Ont,  the  longest  bridge  on 
the  Canadian  Pr6vincial  highway  system,  i^  the  roller  shoe 
used  at  the  end  of  the  girder  spans  The  super-structure  of 
the  bridge   consists   of   a   concrete   floor   carried   upon   eight 


n 


J 


•  Mez'nra  plate  under  rollers  to  bear  only  on  4-" race  until  span 
recti  yes  its  full  dead  load,  thus  f  m.rtina  the  shot  U  adjust  dstlf  to  the 
deflection  of  If.  Span.  Masenru  plate  then  to  he  wedged  up  at  tht  frte 
ends  and  a  routed  under  for  full  hearina 

Oetail    of    Shoe. 

spans  of  lattice  trusses  of  108  ft.  6   in.  span,   spaced   13   ft. 
6  in.  .enter  to  renter,  with  65  ft.  span  at  the  west  end. 

One  end  of  each  girder  is  fixed  and  the  other  end  rests 
upon  a  nest  of  rollers.  However,  to  provide  against  the  pos- 
sibility of  the  movement  of  the  rollers  being  hindered  by 
accumulated  dirt,  each  pier  is  designed  to  resist  the  bending 
set  up  by  temperature  changes  in  the  trusses.  The  resultant 
stresses  and  soil  pressures  in  all  cases  are  quite  low.  In 
the  design  of  the  fixed  shoes  and  also  in  the  sole  plates 
under  the  roller  rests,  the  deflection  of  the  trusses  under 
the  heavy  dead  load  was  considered.  As  may  be  seen  in 
the  detail,  reproduced  from  The  Canadian  Engineer,  a  strip 
of  metal  4  in.  long  and  the  full  width  of  the  shoe  projects 
downward  from  its  lower  surface.  These  strips  bore  directly 
on  the  piers,  and  after  the  full  dead  load  was  in  place  and 
full  deflection  had  occurred,  the  remaining  space  under  the 
shoes  was  filled  with  a  strong  mortar.  Thus  all  danger  of 
the  shoe  riding  on  its  forward  edge  with  the  consequent 
possibility  of  spalling  off  the  pier  copings  was  obviated. 


Tensile  Properties  of  Structural  Alloy  Steels. — Technolo- 
gic Paper  No.  205,  issued  recently  by  the  U.  S.  Bureau  of 
Standards  gives  the  results  of  a  number  of  determinations 
of  tensile  strength,  proportional  limit,  elongation,  reduction 
of  area,  and  strength  at  fracture  throughout  the  range  20 
to  500°  C.  for  four  steels  containing  about  0.38  per  cent  car- 
bon as  follows:  (a)  Plain  carbon  steel;  (b)  3%  per  cent 
nickel  steel;  (c)  3  per  cent  nickel  and  1  per  cent  chromium 
steel,  and  (d)  1  per  cent  chromium  0.2  per  cent  vanadium 
steel.  Brief  reference  is  made  to  the  types  of  fractures  made 
in  testing  steels  at  various  temperatures,  and  particular  atten- 
tion is  paid  to  comparison  of  the  tensile  properties  of  these 
alloys  at  550°  C.  Of  the  four  steels  tested  in  normalized  con- 
dition, it  appears  that  the  two  alloys  containing  chromium 
show  greater  resistance  to  weakening  by  increase  in  temper- 
ature to  about  550°  C.  than  either  the  plain  carbon  or  3% 
per  cent  nickel  steels,  and  at  this  high  temperature  the  chro- 
mium vanadium  steel  is  to  be  preferred  from  the  standpoint 
of  high  tensile  strength  and  limit  of  proportionality.  The 
carbon  and  3%  per  cent  nickel  steels  behaved  alike  with  rise 
in  temperature  above  that  of  the  room  and  at  about  550°  C. 
the  addition  of  3%  per  cent  nickel  appears  to  have  but  little 
effect  upon  the  strength  of  the  carbon  steel.  A  copy  of  the 
paper  can  be  obtained  from  the  Superintendent  of  Documents, 
Government  Printing  Office,  Washington,  D.  C,  for  5  ct. 
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The  Cleveland  Thoroughfare  Plan 

j     Illustrated  pamphlet  bearing  the  above  title  and 

.    the    Citj    iMiiu    Commission    ol    Cleveland,    Ohio, 

contains  an  excellent   genera!   statement   ol   a  cltj    planning 

the    manner   ol   approach    to    Borne    of    the    various 

problems  and  the  consequence  policj  ol  drifting  oi    In 

attention.     The   text    of   the    pamphlet    follows    with    slight 

condeni 

The  thoroughfare  plan  herewith  submitted   hi 

be  advisors  of  the  Commission,  Robert   H.  Whit- 
i.  K.  Walker,  tentatlvi  Ij   approved  bj   the  Com 
mission   and   is   now    presented    to   the   public   tor   its 
ami  criticism. 

Scope   and    Functions   of   the    Plan— The    plan    is    lnt< 

.,  talrrj   compli  I  tern  ol   traffic  arteries  for 

■-,in  the  present   lie  the  <  ■    ■  land 

The  term  thoroughfare  as  hi  re  used  Includi  reets  that 

form  the  mam  framework  of  the  j 

thoroughfares  collect  the  train,  ol  the  local  streets  and  carry 
parts  ol  thi  il  Btreets  thai  are  used  chiefly 

nces  or  Industries 
SI„all  i    included    in    the    plan.      Only   about    one 

quarter   of   the  '.'70   miles   of   streets    in    Cleveland    are    In 
eluded  in  the  present    thoroughfare  plan. 

studj    has  been  made  of  each  thoroughfare  with 
,;;  ti       I      handle   present    and    probable 
future  traffic  and  its  relation  to  the  complete  thoroughfare 
plan.    As  a  result  Dmmendations  and  plans  have 

been    prepared   showing    where    widenings    should    be    made, 
where    corners    should    be   cut   bark,    where   over   or   under 
Ogs  should  be  constructed,  and  where  extensions  should 
be  cut  through. 

Co-ordination  of  Recognized  Needs.— The  changes  proposed 
by  the  plan  are  not  new  or  original.     They  are  for  the  most 

part   changes   that    in    the    past    aed    obvious   and   logical 

to  the  various,  individuals.  civic  associations  and  public  of- 
ficials who  have  from  time  to  time  considered  these  matters. 
Now,  however,  for  the  first  time,  they  are  sifted,  assorted 
and  brought  together  as  parts  of  a  complete  and  carefully 
co-ordinated  plan.  Presented  in  this  way  the  importance  of 
each  to  the  general  system  is  at  once  apparent. 

Economic  Limitations.— The  plan  submitted  is  by  no  means 
ideal.  The  area  included  is  already  largely  built  up  and  it 
seemed  altogether  impractical  to  proceed  except  with  con- 
stant regard  to  the  expense  involved  and  the  danger  of 
cream  :    the  economic  benefits  and  in 

excess  of  the  ability  of  the  city  to  finance.  The  plan,  how- 
ever, will  provide  with  reasonable  adequacy  for  traffic  needs 
for  a  considerable  period  of  years.  As  compared  with  most 
other  big  cities.  Cleveland's  position  as  regards  traffic  con- 
ditions will  be  relatively  advantageous.  The  plan,  while 
far  from  ideal,  constitutes  a  great  improvement  and  its  sub- 
stantial achievement  is  well  worth  striving  for. 

Street  Widening. — The  plan  provides  for  the  widening  of 
98  thoroughfares  having  a  length  in  the  portions  proposed 
to  be  widened  of  about  190  m 

ting  thoroughfares   have  to  a   very   large   extent  been 

I    and    improved    without    regard    to    a    general    plan. 

tor  the  frequent  jogs   in  alignment,   the   lack 

of  adequate  connections  and  above  all  the  entirely  lnad 

widths  that  are  so  general  over  the  major  portion  of  the  city. 

routes    have    been    opened    and    improved 

appai  inly   local   residence  streets.     Old   ■ 

been  built  up  at  their  original  widths  of  66,  60, 
■  i.     Double  trai  k  car  lines  have  been  placed 
with  no  provision  for  the  widening  of  the 
stre. 

Street   Cars   and    Street    Widening  lion   of 

ind  road- 
i.ith.     in  order  to  provide  rea  onable 

.  ,|   both   for  '    Other   tralllc 

enough  for  one  line  of  moving  vehicles  on 
u   tl  In  addition  to  -pace  for  vehicles 

olutely  essential.     For  tl 
pose  a  roadway  width  i  This  with  a  slde- 

t   width  of  H6  feet. 
tted  propo  '  ial  wldenlnj 

minimum  width  i 

ractically  all  of  the   thoroughfares  on  which 


street  railways  now  are  or  may  be  located.  All  such  thor- 
oughfares should  be  widened  so  as  to  provide  for  two  lines 
of  moving  vehicle  rection      I  nleBS  this  is  done. 

with  the  Increase  in  traffii  and  the  Increase  In  the  number 
ol  standing  vehicle  I  all  vehicles  will  be  reduced 

to   the  si 1   of   the   slowest.     Automobiles   and   street  cars 

will  be  compelled  to  trail  behind  the  slow  moving  horse 
drawn  vebiclea.  A  thoroughfare  of  that  kind  is  very  unsat- 
Isfactorj  for  passenger  automobiles,  for  street  cars  and  for 
motor  trucks. 

The  normal  development  tor  a  car  line  street  is  retail  busi- 
ness.  Lorain  \\enue  is  perhap  i  pi<  al  of  the  traffic  and  the 
kind  oi  business  development  thai  will  come  to  most  of  these 
thoroughfare  With  business  conies  the  increase  in  the 
number  ol  vehicles  Btanding  at  the  curbs  that  makes  it  es- 
sential to  have  a  clear  central  roadway  width  for  two  lines 
,>i   moving   vehicles   In   each   d  .less  this  is  done 

the  speed  of  the  street  cars  will  be  reduced  to  the  speed  of 
lowest    trucks,   and   automobiles    will    bi     i  impelled   to 
trail  behind  the  cars.     Nothing  could  be  more  inimical  to  the 
future  prosperity  ol  Itj    than  to  permit  these  main  art- 

i    traffic    to    be      olidly    built    up   at    their    present    in- 
to   widths. 
II    is   only    I.  tlon    to    the    widening   of  many 

ighfares  that  thi    pn    enl  high  ear  speed  outside  of  the 
center   of   con  u    the    public    square    can    be    long 

maintained.  Unless  tins  is  done  street  cars  on  many  im- 
portant arteries  will  be  compelled  to  crawl  along  behind  slow 
mining  trucks.  It  will  be  impossible  to  keep  the  trucks  off 
the  tracks,  because  with  the  increase  in  the  number  of 
standing  vehicles  at  the  i  arb  there  will  be  no  space  in  these 
\    roadways  other  than  the  tracks  In  which  the  trucks 

can   move.     This  will   an   increased  cost  of  street  railway 

operation  and  increased  fares  and  loss  of  time  to  the  car 
riders.  It  will  also  mean  continual  interruption  to  automo- 
bile traffic  ami  Incn  ased   trm  lung  costs. 

Advantages  of  Set-Back   Lines.— On  many  of  the  thorough- 
fares that  are  lis;  I  ial  widening  the  buildings  are 
at  present  set  back  from  the  street  line.    There  is  no  urgent 
need  for  their  immediate  widening.     The  important  thing  is 
to  insure  that  future  buildings,  stores  or  apartments  shall  be 
kept  back  from  the  present   street  line  a  sufficient  distance 
to   allow    for   a   future    widening.     The    widenings    proposed 
would  in  many  cases  injure   the  use  of  the  houses  for  resi- 
dence purposes  by  cutting  off  the  front  lawns  and  bringing 
the  houses  too  close  to  the  street.    The  use  of  many  of  these 
streets  will,  however,  gradually   change   from   private  dwell- 
ings to  apartments  or  business   buildings.     When  this  time 
comes   the  street  can   be   physically   widened   without   injury 
to   such   apartment   or   business   use.     In  the  meantime,   the 
fixing  of  a  permanent  building  line  back  of  the  present  street 
line  will  serve  to  protect  the  existing  dwellings  from  serious 
depreciation  owing  to  the  possible  erection  of  an  apartment 
house  on  the  present  narrow  street  line  and  projecting  out 
beyond  the  present  dwellings.     And  when  traffic  has  so  in- 
creased  that  the   street    must    be   widened,   it  is   more   than 
likely  that  the  street  will  no  longer  be  desirable  for  private 
residence  purposes  and  the  private  dwellings  will  have  been 
,(1  by  apartment     or  by  business  buildings.    Provision 
for  future  widening  through  the  establishment  of  a  set  back 
line  can  therefore  be  made  while  the  future  traffic  thorough- 
tare  ls  still    ,                      treet,  with  to  all  owners, 
and   when    the   time   comes   to   actually    widen   the  street  to 
traffic  needs  this  too  will  usua               o  the  advantage 
of  the  owners.     By  thus  imposing  the     ■  I  back  line  and  then 
widening  the  street  at  the  very  time  that  these  things  can  be 
done  with  advantage  both  to  the  owners  and  the  city,  the 
widened  thorough t                                   I  at  a  minimum  expense. 
M.in\   of  the  thon                      -ted  for  widening  are  already 
in    the   transition   stage      The    former    residences   are   being 
gradually  replaced    '      apartments  and  stores.     Most  of  the 
and  some  of  the  apartments  are  being  placed  out  be- 
the  residence    on  the  street  line.    Now  is  the  time  to 
stop   this   development    before   the  exceptional  example   be- 
comes  the   rule.     Many   of   I  "nt  out 
to  the  line  are  temporary  wood  buildings  or  taxpayers.     In 
time  they  will  be                    nd  then  if  in  the  meantime  Other 
buildings  have  beet                icfc   on  the  established  line  the 
Btre,.,                                 with  comparatively  slight  expense 
Street     Extensions.— Thirty-seven     street     extensions     a 
proposed,  having  an  aggregate  length  of  23  miles. 
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The  street  extensions  will  necessarily  be  more  expensive  routes  cannot  be  completely  separated  as  in  the  case  of  a 
than  the  widenings.  Recommended  extensions  are  therefore  steam  railroad  and  a  highway,  Freedom  of  interchange  of 
carefully  limited  to  the  connections  deen  irj  to  traffic  between  the  two  Intersecting  streets  must  be  retained. 
secure  a  fairly  complete  thoroughfare  layot  in  no  section  The  most  that  can  be  done  is  to  carry  the  through  traffic  of 
of  the  present  city  should  thoroughfares  be  more  than  a  half  one  of  the  streets  over  or  under  the  intersection.  The  inter- 
mile  apart.  Owing  to  existing  building  development,  this  section  itself  will  still  be  complicated  by  the  interchange 
minimum  standard  has  not  been  attained  in  a  lew  sections  traffic  of  both  streets  and  by  the  pedestrian  traffic  of  both 
i.f  the  city.     Wherever  possible  without  too  meat  cost  exist-  streets. 

ing  streets  have  been  connected  by  short  extensions  so  as  In   the  extension  of   Carnegie   Avenue   it   is   recommended 

to   form   through   routes.     Many   of   these   extensions   if   not  that  an  over-crossing  be  constructed  to  carry  Carnegie  Ave- 

provided  for  now  will  be  cut  through  in  later  years  at  enor-  nue   through   traffic  over  East   105th   Street.     Over-crossings 

mously  increased  expense.  are  also  recommended  for  eventual  construction  in  Superior 

Central    Thoroughfares.— The   central    section    of    the    city  Av",n"'   h,"h   :"    ""'   Bast   30th   Street   ami   at    the   East  55th 

King  between  Fulton  Road  on  the  west  and   E.  105th  Street  street  transfer  points.     The  width  of  Superior  Avenue   (132 

on  the  east  and  King- north  of  the  valleys  of  Walworth  Run,  feet)    and   lhe   comparatively   undeveloped    condition   of   the 

the   Cuyahoga   River  and   Kingsbury   Run   will    unbrace   the  street  frontaSe  affected  greatly  simplifies  the  construction  of 

principal   business   and   community   center  of   the    Cleveland  over-crossings  in  these  locations. 

metropolitan  area.  The  topography  of  the  city  is  such  that  Speedways  Must  Be  Planned  in  Advance. — In  city  railway 
the  bulk  of  the  traffic  to,  from  and  through  this  business  and  transportation  the  elevated  road  and  subway  have  not  super- 
community  center  must  pass  in  a  generally  easl  and  west  seded  the  street  surface  railway  but  have  merely  supple- 
direction.  This  section  will  therefore  require  all  the  in-  mented  it.  The  evolution  of  vehicular  traffic  may  be  some- 
creased  east  and  west  traffic  capacity  that  it  is  now  practical  what  similar.  As  traffic  is  slowed  down  and  the  average 
to  secure.  length  of  haul  increases  the  problem  of  providing  a  number 
In  all  large  cities  the  demand  is  for  more  routes  leading  of  high  speed  routes  to  carry  traffic  through  the  more  con- 
into  and  through  the  central  business  district.  In  Cleve-  gested  areas  will  become  very  urgent.  Unless  such  routes 
land,  the  traffic  difficulties  are  in  large  measure  due  to  the  are  planned  long  in  advance  of  their  actual  need,  they  will 
reliance  on  a  few  main  thoroughfares  converging  at  or  near  be  almost  prohibitively  expensive  when  at  length  they  are 
the  public  square.  The  remedy  lies  in  the  provision  of  more  imperatively  required.  Cleveland's  topography  is  favorable 
thoroughfares  of  adequate  width  coming  from  the  outskirts  to  the  development  of  a  number  of  speedways  radiating  from 
of  the  city  into  and  through  the  central  business  section  and  the  heart  of  the  city.  The  River  Valley  and  its  branching 
out  to  the  city  boundaries  on  the  opposite  side.  The  central  ravines  furnish  possible  locations  for  such  routes.  The  Lake 
business  section  of  the  city  should  have  an  approximately  Front  also  may  be  used  for  this  purpose.  These  possibilities 
rectangular  layout,  each  street  constituting  the  central  por-  should  be  further  studied  in  connection  with  plans  for  ter- 
tion  of  a  main   radial  thoroughfare.  minal  and  rapid  transit  development  and  in  connection  with 

The  street  widenings  and  extensions  proposed  in  this  cen-  plans  for  Lake  Front  improvement. 

tral  section  of  the  city  will  take  care  of  the  estimated  in-  A  plan  ls  submitted  for  the  construction  of  a  three  mile 

crease  in  traffic  for  a  period  of  thirty  to  fifty  years.  speedway    in    the    partially    undeveloped    area    immediately 

north  of  Euclid  Avenue  between  East  21st  Street  and  East 

Standard    Thoroughfare    Widths. — The    following    standard  Boulevard, 

thoroughfare  widths  and  cross  sections  are  recommended:  The    Traffic    Problem.-Street    traffic    is    increasing    much 

Cass    A    thoroughfare ^It'        *°S!%P        Sld3?Sk  m0re,  "f*"/  tban  ^Tlu^     V^  ^^  °f  8treet  tT^C 

B   thoroughfare 86                                   15.5-15  merely  kept  pace  with  the  growth  of  population  the  problem 

thoroughfare 100              60                  20  of  making  adequate  provision  for  the  future   would  be  suf- 

Clasa    i'    thoroughfare 120  :>;-•<  22-20  «„,• m.     j-o-      ,»       T»    •  ^    >_■ 

thoroughfare 140  and  over  ncientry    difficult.     It   is   probable,   however,   that  the   street 

The    66-ft.    thoroughfare    is    undesirable    unless    traffic    is  burden  WS  UDder  DOrmal  conditions  ^crease  twice  as  fast 

light,   unless   the   number  of  vehicles   standing   at   the   curb  aS  p0pu Iatl°u'  L  e-   while  Population  is  doubling  the  street 

is  negligible,  unless  there  are  no  street  car  tracks,  and  unless  a  ,  c  w    '         tre^ed- 

the   traffic   using   the   thoroughfare    is    predominately    either  |,  V!          pr,oblem   1S  cnieflv  one   of  average   speed   and 

of  the  fast  or  the  slow  tvpe.    It  will  seldom  be  wise  to  apply  not  o£  'ne   number   of  vehicles    it   is   physically   possible   to 

the  66-ft.   standard   in   laving   out  a  city  thoroughfare   in  as  moV<;  througb   the   streets.     Even   with   all   the   interruption 

yet  undeveloped   territory.     It   is,   however,  a  standard  that  ,        t0  cro?s  traffic  tnere  is  abundant  street  capacity  in  so 

it  will   frequently  be  expedient  to  apply  in  replanning  the  ,ar  as  numDer  of  vehicles  that  it  is  possible  to  pass  through 

thoroughfare  system  of  a   built  up   area.     In   the   plan   sub-  tb?   *}ree}s   during   anv  2   or  12    hour   period   is   concerned, 

mitted  the  66-ft.  standard  is  applied  to  a  considerable  number  f. f       ,                 offering   can    doubtless   be    taken   care  of— 

of   narrow    thoroughfares    where    the    existing    development  the  °nlv  question  is  with  what  delay  and  with  what  average 

seemed  to  make  it  inadvisable  to  attempt  to  secure  a  more  spied-    /?  an  average  speed  of  2  to  6  miles  an  hour  will 

adequate  width.  suffice,  there  is  no  traffic  problem   now   and  possibly  never 

Tha  ec  rt    *h   u,            ...        r„ ..                             ..  wil1  be.     If  on  the  other  hand  an  average  speed  of  10  to  20 

twl  Le     .f            S        h-T      a  56'ft;  TdWay  provld,e/.Hfor  miles  is  demanded,  the  traffic  problem    s  extremely  urgent 

two  lines  of  moving  vehicles   in   each  direction   in   addition  and  difficult 

lZTt£T*lftiCl?  HanHding  at  *he/urbs"    l*  thef,plan  SUb-  Extreme  congestion  means  not  only  that  street  car  service 

^       llrt  L       .            IS   aP?,ed-  t0  T,    °1  the.r0UteS  is  disrupted  but  that  all  trucking  and  commercial  traffic  is 

wfdth   tZ  ll     t    rSH°r  6X  eT°n-    "  lS  them,nTm  slowed  down.    The  cost  of  trucking  is  a  much  larger  factor 

ouTfJes      it  SLm         ,    Tk  6          ^  bn\mm°'  th0r-  in  the  cost  of  most  goods  than  is  railroad  freight.     Many 

thnrn Zfnrel   ,«S  ,             f   >*  f  mmimum  for  „a"  main  Products  are  transferred  by  vehicle  through  city  streets  a 

thoroughfares    and   for    most    street    car   routes    and    for   all  half  dozen  tjmes  b  f                                    consumer.    If  through 

enS,Cbu0sSine's  d"estrTclre  *""*  "  """^  *'  **  street  congestion,  as  is  undoubtedly  true  in  parts  of  Chicag* 

cential  business  district.  Xew  York  an(J  London    the  time  and  cogt  of  tl.ucking  goodg 

It  is  recommended  that  the  traffic  ordinance  be  amended  is  doubled,  the  toll  due  to  congestion  is  certainly  enormous 
to  require  a  special  license  for  any  vehicles  in  excess  of  7.5  it  is  paid  in  part  by  the  public  in  higher  prices.  It  also  places 
tt.  in  width.  a  serious  handicap  on  the  commerce  and  industry  of  the  city. 
Over  and  Under  Crossings. — Various  methods  of  separating  Method  of  Carrying  Out  the  Plan. — The  plan  here  proposed 
grades  at  street  intersections  have  been  devised  and  a  num-  is  not  suggested  for  immediate  application  and  construction 
ber  have  been  actually  applied.  Where  applied,  however,  it  in  its  entirety.  The  plan  is  intended  rather  as  a  twenty  year 
las  usually  been  to  meet  exceptional  demands  of  topography  improvement  program.  Most  of  the  street  extensions  pro- 
LM  traffic  and  not  to  solve  the  problem  of  a  typical  busy  posed  should  be  made  soon  as  there  is  no  other  way  of  pre- 
jntersection.  A  separation  of  grades  is  comparatively  simple  venting  their  being  blocked  by  the  erection  of  expensive 
f  provided  for  at  the  time  the  streets  are  laid  out  and  the  buildings.  The  widenings,  however,  can  for  the  most  part 
:rades  established.  be  made  gradually  as  and  when  new  buildings  are  con- 
In  the  case  of  the  typical  busy  intersection  a  complete  structed  or  existing  buildings  are  reconstructed.  In  this  way 
eparation,of  grades   is   not   practicable.     The   intersecting  the  widened  thoroughfare  can  eventually  be  secured   (prob- 
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ablj    by   the  time  it  is   Imperative^    needed)   and   the  value 
..i  the  existing  buildings  will  !>• 
It  is  proposed  thai  the  plan  Bhall     ■    mbmltted  to  the  clt) 
ipproval  as  the  official  thoroughfare  plan  of  the 

Th<  rylng  out  the  plan  Is  dependent  on   . 

no(   clearl]   aacertainah  present   tlmi 

r,  will  In  all  probabllll 
ii. .r  Including  the  cost  ol  thi    proposed  bridges  b 
lymhoga  Valley.     A   financial   program  authorizing   the 
liture  ol  from  one  to  two  millions  annually  should  be 
i   in  order  that  the  mosl   urgenl    features  of  the  plan 
iiia>    be  carried  oul  and  the  i  mj    building 

would  Berioualy  Interfere  with  the  eventual  carrying  oul   of 
n  prevented. 

The  Cost  of  Delay.    Chicago  i     now    spending   more   than 

in   the   widening,  extension   and   Improvement   ol 

s  few  main  thoroughfares      Mi  would  have 

<\.-ii  if  Chicago  had.  when  II  was  the  alee  thai  Cleve 
land  now  is.  prepared  and  consistent!}  adhered  to  a  thorough- 
tare  plan  Cleveland  In  a  few  years  will  be  compelled  to  expend 
similar  amounts  for  Improvements  thai  can  now  be  pro 
vided  foi    it   comparatively   trifling 

There  Is  nothing  quite  so  i"  rmanenl  and  difficult  to  i  b 
materially    as   a    city's   Btreets    after    tbej    have   once   been 
solidly  built  up  with  business  buildings  or  apartment  houses. 
Buildii  me   and    gone   bul    the  <  entral 

ami   lower   Manhattan    retain   most   of   their  original 
crooks   and   turns.      On    many    of   thi  u  luded    in   the 

proposed  thoroughfare  plan  tor  eventual  widening,  the 
buildings  are  tor  the  mosl  pari  Bel  back  from  the  street  line 
Now  is  the  time  t"  provide  e.ithei  Coi  the  Immediate  widening 
ol  these  thoroughfares  or  foi  their  eventual  widening  as 
and  when  new  buildings  are  constructed  or  the  present  resi- 
n  replaced  bj  store  and  apartment  houses.  Cleve 
land  is  building  up  and  spreading  oul  so  rapidly  that  every 
year's  delay  In  the  adoption  and  enforcement  of  a  thorough- 
Ian  will  mean  an  enormous  loss  to  the  future  city  both 
in  mom->    OUtla)    and   in  commercial  and   industrial  efficiency. 


Method  of  Providing   for   Future   Extension   of   a 
Building 

An  interesting  detail  of  the  3  Btorj  Hat  slab  building  now 
being  erected  at  Kensington  avenue  and  M  street,  Philadel- 
phia, by  William  SI  Co.,  i  ontractors,  is  the  method 
of  providing  for  the  future  extension  of  one  side  of  the  build- 
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Detail   of  Cinder   Concrete    Lintel. 

ing.     To  prevent   the  reli  el    from   projecting   and 

to  I  until  the  future  connei 

clndi  ete  lintel,  a   detail   of  w  bich   Is 

in  the   illustration,  is  provided,   Into  which   thi 
■  tit  upward.     The  brick    :  mporary  also,  and 

connection   is  made  these  piers,  as  well  a 
i       ome  oul      'i  hi    t<  mpoi  ai  \    .-. all  and   lintel 
distal  ft.  6  ni    from  the  center  line  ol 

columns,  this  being  the  polnl  of  Inflection  or  zero  moment 
When   tb<-  lintel   If 

norma1  a  floor  Blab,  and   the 

normal  bay  length  ol  20  ft    re  timed      The  cinder  concrete 
lintel  serves  two  p  rods  from  rusting 

.■.  bleb  depth 
ength      During  the  period  In  which  the  wall 
top 

ry  part  of  the  floor 
"  ■    ari    Indebted  to  Succe  iful  Methods  for  the  above 


Selling   Engineering  Service* 

Bj    PAUL  !•:.  GREEN, 

ei     Chicago 

There  can  be  do  question   bul   that  most  of  a  consulting 

engineer's  succesi    Is  due  to  bis  ability  to  soil  bis  service 

d  thai   way  be  Is   lust         surelj   a  salesman  as  is  the 

man  who  is  Belling  BhoestrlngE   "i    anj    other  commodity  by 

direct    solicitation.     M)    own   experience   In   selling   bas   not 

been  bo  broad  thai  i  ■■ uallf)  at  an  expert  Bales  manager. 

I  can  only  give  mj  pei  onal  experience  with  the  hope  that 
other  members  ol  this  organization  will  be  equally  frank  in 
telling  theirs  and  in  tins  waj  we  maj  all  learn  something  of 
value. 

Usually   one  or  more   men    decide    to   enter   upon    private 

practice  after   they   have   i n   employed    bj    other   corpora 

tions.  or  engineering  Arms,  and  have  had  a  considerable 
number  of  years  "i  experience  In  thi  di  Ign  and  construi 
lion  of  engineering  work.  Probably  one  or  two  friends  get 
together  and  decide  thai  the)  can  make  n  lol  more  mono] 
by  practicing  their  profession  privately.  Quite  frequently 
thej    have  no  expei  slllng  their  services   and   have 

Inadequate  capital.  However,  the]  are  per)  optimistic.  They 
tell  their  friends  the)  are  going  to  organize  a  tirm  and 
Hands  promise  them  their  work  They  feel  that  $500 
is  sufficient  capital  and  befon  thai  is  spent  they  will  have 
enough  work  to  keep  them  tuning.  An  office  is  rented,  pos- 
sibly  the)  have  a  ti  ■  engineering  Instruments  and  they  are 
read]  p>  start.  Theii  awakening  Is  rather  abrupt.  They 
usually  lind   that    within   a    few    weeks   they    have   a< 

mi  paying  work  and  their  capital  is  gone.  They  don't  know 
how  tc  get  work.  The)  find  that  very  little  work  flows  Into 
ifflce  voluntatis  ami  they  immediately  begin  to  cast 
around  to  remedy  this  condition.  Unless  they  are  well  sup- 
plied with  mone)  II  will  be  necessary  to  radically  reduce 
their  expenditures  tor  living  but  If  they  have  the  real  stuff 
in  them  they  now  begin  to  gel  down  to  brass  tacks  and 
make  a  direct  assaull  upon  these  sources  thai  can  use  a  con- 
sulting engineer.  It  is  my  opinion  thai  a  two  man  firm  needs 
a  cash  capital  ol  nol  less  than  (15,000  to  handle  (25,0 
$30,000  of  professional  work   per  year. 

Sources  from  Which  Work  May  Be  Obtained. — There  are 
several  sources  through  which  professional  work  may  be 
secured.    These  may   be  classified  as  follows: 

A. — From   other   engineers. 

B. — From  municipal,  state,  county  and  other  political  sub- 
divisions. 

C. — From  private  corporations. 

D. — From  individuals  who  may  have  need  to  employ  engi- 
neers from  time  to  I 

Probably  the  most  prolific,  certainly  the  most  easily  at- 
tacked one  of  this  group  Is  the  municipal  sub-divisions. 

From  other  engineers  work  is  secured  because  of  a  good 
reputation  with  that  engineer  so  that  when  he  needs  the 
services  of#a  specialist  he  will  turn  to  the  man  who  has 
such  servici  tot  Phis  is  a  most  satisfactory  way  in 
which  to  receive  work,  it  only  comes  from  extensive  ac- 
quaintance with  other  entiie  i  years  of  service. 
This  acquaintanceshi] red  b)  joining  technical  socie- 
ties and  taking  some  active  part  in  them;  by  contributing 
technical  articles  to  the  press  on  the  specialties  with  which 
thi  engineer  is  besl  acquainted,  and  by  personal  acquaint- 
ance,  socially  or   through    common   employment.     I   find   as 

the    years   go   on    that    this    class    of    work    is    slowly    but   con- 
stantly Increasing  and  I  think  this  Is  the  experience  ol 
engineers.     It    can  onlj  becau  6   the   seller    is.   in 

the  opinion  of  these  em]  l   particularly  good 

man  In  his  Held:  In  other  words,  he  has  sold  bis  Bervici  td 
this  particular  engineer.  qoI  by  mi  ans  ol  propaganda,  but 
through  a  loiiL'  pei  |i  ition. 

Securing  Work  from  Municipalities. — The  municipalities, 
which    are    probabl  prolific   source   of   work,   are 

approached  In  varlou  ways.  Small  or  large  ones  seem  td 
have  little  differenci  n  their  methods.  Even  in  the  large 
cit)  the  city  engineer  often  i>  i)  a-  to  whal  <<"< 

Bulting  engineer  i  to  be  employed.  The  consulting  engi- 
neer i     employed   i>>    a   council   committee  or   by   lay   cum 

in    which    has   a    particular    work    to   do   and    quit 
quently  this  work  is  secured  by  direct  solicitation. 

ctli  Ing   Hnsim  i  i 
■  hlcago  under  the  auspli  ea  "f  the   \ 
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It  is  one  of  the  handicaps  against  whit  we  all  work  thai 
■even  ;t  prominent  engineer  is  prominent  only  to  his  fellow 
engineer  and  often  is  unknown  to  the  pul  However,  t hi- 

tact  that  lie  has  been  active  in  a  technic;  ociety,  has  con- 
tributed to  the  technical  press  and  is  w  li  known  to  the 
fellow  men  of  his  profession  is  a  strong  recommendation 
and  a  considerable  help  to  him  in  securing  work,  but   I  ones 

tioii  whether  it  is  net  necessary  in  i  w ii  .if  ihroe  for 

the  firm  ami  individual  to  solicit  directly         a   large  cities 

Certainly    it    is   true   with   the   smaller   muni'  :;>.  lues. 

Mail  Campaign  for  Clients. — Probably  one  ot  tin-  first 
(hint's  th.it  a  new  tirm  tloes  when  it  is  organized  is  to  circu 
late  prospective  clients,  since  I  am  more  familiar  with  tie 
municipal  Held  than  any  oiler,  these  obsi  itioni  ol  neces- 
sity must  apply  more  directly  to  that  field     Circular  letters 

and   similar   advertising   appeals   are   sent    the    thou 

sands  by  various  engineers.  Practically  everj  mayoi  and 
city  clerk  in  the  country  receives  dozens  of  them  each  year 
In  spite  of  the  fact  that  this  method  of  looking  lor  tips  is 
very   common    and   extensive   there   are   coi  results 

from  these  efforts.  The  percentage  of  replies  is  very  small; 
we  found  that  circular  letters  sent  out  in  2,000  ami  3,000  lots 
brought  less  than  V4  of  1  per  cent  of  replies.  When  accom- 
panied by  self-addressed  envelopes  and  in  normal  times,  the 
replies  were  about  10  per  cent,  of  which  90  per  cent  was  re- 
turned with  the  remark  that  there  was  nothing  doing  How- 
ever,  some  direct  results  are  obtainable  from  these  letters, 
and  it  is  an  important  method  of  securing  advance  tip  on 
work.     It  is  not  inexpensive. 

We  have  from  time  to  time  tried  clipping  bureaus,  advance 
reports  and  similar  methods  in  an  endeavor  to  get  infor- 
mation as  to  prospective  work,  but  we  have  always  found 
that  they  did  not  pay  for  their  cost.  The  reason  has  been 
that  invariably  by  the  time  the  items  were  sent  to  the 
bureaus  they  were  too  late  for  the  engineer,  though  all  right 
for  the  contractor.  But  as  real  advance  information  for  the 
engineer  it  is  generally  too  late.  In  fact,  most  of  it  comes 
from  the  engineers  who  are  already  engaged  in  the  prepara- 
tion of  the  reports  or  plans. 

We  have  also  used  the  professional  card  extensively,  and 
while  there  is  an  occasional  inquiry  because  of  this  card  I 
doubt  very  much  if  as  an  advertising  medium  for  a  prospec- 
tive client  or  as  a  method  of  securing  work  it  is  worth 
anything.  When  an  inquiry  does  come  from  this  source,  it 
has  usually  been  sent  to  a  dozen  firms.  It  does,  however, 
keep  your  name  before  other  engineers  and  we  believe  gen- 
erally speaking  that  this  is  about  all  it  does  do.  It  lets  them 
know  that  you  are  not  dead. 

Technical  Articles  as  a  Means  of  Reaching  Prospective 
Clients. — We  believe  that  one  of  the  most  valuable  means 
of  reaching  the  prospective  client,  both  officials  of  a  city  or 
employing  concerns,  is  by  means  of  articles  contributed  to 
the  technical  press.  You  get  paid  for  these  articles,  they 
make  your  name  known  to  other  engineers  and  occasionally 
a  city  official  will  see  them.  If  he  needs  services  of  this 
kind  he  quite  likely  will  write  to  the  author  and  this  means 
that  there  is  practically  no  competition.  The  lightning  does 
not  strike  very  often,  but  when  it  does  strike  it  generally 
leads  to  a  very  profitable  transaction. 

Referring  to  the  third  source  of  technical  work,  that  is,  pri- 
vate corporations,  this  is  a  highly  desirable  field  and  often 
requires  solicitation,  though  not  to  the  sam>  extent  or  of  the 
same  character  as  is  required  with  mum  I  nice  se- 

cured as  a  client,  the  corporation  seldom  here.     It 

is,  however,  more  difficult  to  get  advance  information  from 
private  corporations  and  much  of  the  >wirk  given  out  from 
private  corporations  is  like  that  given  out  bj  engineers,  the 
result  of  acquaintanceship  and  technical  reputation  A.-  a 
whole  it  is  very  desirable  work. 

Private  individuals  from  time  to  time  also  have  consider- 
able work  to  do,  but  not  much  of  thi  in  be  secured 
by  solicitation.  It,  like  that  from  other  engineers,  comes 
largely  because  of  acquaintanceship.  Thi  intanceship 
may  be  accomplished  by  belonging  to  organizations, 
clubs,  and  by  general  activity  in  civic  affairs  through  which 
publicity  is  secured.  We  have  found  that  a  considerable 
amount  of  this  work  is  secured  through  the  friendship  of 
the  higher  class  of  contracting  supply  men  who  may  belong 
to  clubs,  for  instance,  and  if  they  do.  are  liable  to  be  active 
in  the  affairs  of  that  club. 

No  tip   should   be  ignored;    nine  times  out   of  ten  the   tip 


is  worthless,  but  the  tenth  time  11   may  be  very  much  worth 

while.  These  tips  come  to  an  office  from  material  men,  con- 
tractors.  salesmen  who  desire  to  currj  favor  in  this  manner, 
and  from  a  thousand  other  source  Quite  frequently  the 
^atiie  tip  has  been  handed  out  to  a  dozen  firms,  but  once  in 
a  while  it  is  a  genuine  tip,  and  for  this  reason  it  should  not 
be  ignored. 

Former  Employees  as  Source  of  Work.  There  is  anothei 
source   of   work   which   is   quite   valuable   as   the  age  of  a    tirm 

grows      it    has  had   \arious  employei       ■  .ho  have  c 

gone.  Frequently  they  have  gone  because  the  firm  could  not 
make  it  worth  their  while  to  stay,  and  ii  they  have  departed 
in  good  spirit,  with  the  best  of  feelings,  and  have  a  health] 
respect  for  the  firm,  they  are  a  valuable  source  of  Informs 
tion.  This  is  a  particularly  gratifying  method  of  ha 
work  come  to  an  office,  but  illustrates  the  fact  that  a  success- 
ful organization  is  successful  parti;  because  h  treats  its  em- 
ployees in  the  highest  and  best  manner. 

One  of  the  most  important  parts  of  selling  engineering 
services  is  the  character  of  work  the  company  performs 

I  would  judge  that  at  least  50  per  cent  and  possibly  more  of 
the  firm's  clients  will  have  additional  work  to  do  after  a 
season  or  two.  Of  course,  in  the  municipal  field  this  does  not 
mean  that  the  old  firm  will  be  re-engaged;  in  fact,  it  may 
mean  quite  the  contrary,  but  if  your  work  is  well  and  con- 
scientiously done,  in  a  great  many  cases  when  the  time  comes 
around  for  additional  work  you  will  get  it  without  competi- 
tion, and  if  friendly  relations  are  maintained  with  the  munici- 
pal officials  they  frequently  will  tip  you  off  to  other  work 
in  other  political  subdivisions  or  in  adjoining  municipalities. 
Because  of  the  idiosyncrasies  of  some  city  councils,  their  ten- 
s  to  critcize  for  political  reasons,  it  is  sometimes 
pretty  hard  to  follow  this  program  out  in  its  entirety  I 
personally  have  lost  a  large  amount  of  work  because  I  was 
foolish  enough  to  call  the  chairman  of  a  finance  committee 
a  liar.  The  fact  that  he  was  a  liar  had  nothing  whatever  to 
do  with  the  case.  This  municipality  has  done  a  large  amount 
of  work  since  I  finished  with  them,  hut  I  have  done  none  of  it. 
But  the  lesson  has  been  well  learned. 

One  source  of  professional  work  which  should  not  be  ig- 
nored is  that  resulting  from  the  activities  of  various  state 
departments.  These  departments  in  themselves  have  from 
time  to  time  employment  for  the  consulting  engineer  along 
such  lines  as  water  supply,  highway  and  paving  work,  sew- 
age disposal,  drainage  and  hydraulic  developments.  They 
also,  because  of  their  activities,  recommend  considerable 
work  of  this  kind  to  other  political  subdivisions  of  the  state. 
By  keeping  in  touch  with  these  departments  a  line  is  fre- 
quently had  on  prospective  work  which  can  he  followed  up 
with  success.  There  is  of  course  the  possibility  that  such 
activity  may  be  abused.     We  have  all  heard  of  such  abuse 

fr time   to  time,   but   much   of   this   reported   abuse   is,    I 

think,  rather  exaggerated.  It  is  certainly  legitimate  to  keep 
in  close  contact  with  these  sources  of  information.  The  Ille- 
gitimate part  of  it  comes  in  when  officers  and  employees  of 
the  political  subdivision  use  their  offices  and  information  for 
personal  gain. 

General  Public  Not  Familiar  with  "Engineer." — One  dim 
culty  which  the  engineer  in  private  practice  meets  is  the 
general  confusion  in  the  public  mind  as  to  what  the  word 
"engineer"  means.  Very  frequently  the  layman  considers 
that  an  engineer  is  a  builder  or  contractor.  The  same  con- 
tusion does  not  exist  with  the  word  "architect."  with  the 
result  that  when  a  prospective  client  wants  a  large  building 
he  instinctively  goes  to  an  architect  first.  It  very  frequently 
happens,  however,  in  engineering  work  that  a  prospect  goes 
to  a  contracting  firm  or  material  man  instead  of  going  di- 
rectly to  the  engineer  who  may  desisn  such  work. 

It  would  seem  as  if  a  campaign  to  educate  the  public  along 
this  line  would  tend  to  largely  increase  the  field  for  the 
practicing  engineer,  and  that  in  this  way  the  practice  of 
manufacturing  or  contracting  organizations  of  making  plans 
and  designing  work,  which  is  inevitably  to  their  own  indi- 
vidual advantage,  might  be  counteracted. 

Close  Personal  Contact  Important. — No  campaign  for  pro- 
fessional work  will  be  of  any  great  benefit  to  the  firm  if  it  is 
not  followed  up  by  close  personal  contact.  Tips  may  be  had 
but  mighty  little  work  is  secured  from  these  tips  unless  they 
are  actively  followed  up.  Very  little  work,  indeed,  which 
is  not  the  result  of  recommendation  by  another  engineer  or 
another  client,  can  be  secured  purely  through  correspondence. 
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I  lay  this  down  as  an  absolutely  fundamental  principle  based  poratlon  Schools.     Bui   In  addition  to  everything  also  he  is 

on  the  result  of  quite  a  ten   >.  rlence.  giving   in    public   servici     generously   bl    bis   trained   ability. 

in  the  private  practice  ol  engineering  there  enters  Erom  He  has  been  president  ol  the  Board  of  Education  <>f  Schnec- 

time  to  time  the  unexpected  employer      Dnder  this  maj   be  tady  since  1912,  and  president  of  the  Common  I'ouncil  since 

,  l;,..  ,.„,.;    who  wishes  expert  fl    .nun  L916.     He  has  also  published  a  volume  entitled.  America  and 

work,  the  promoter  who  wishes  to  develop  Borne  Idea  along  the  New  Epoch, 

engineering  lines,  the  fellow  club  member  who  suddenly  is         One  other   Illustration    must   suffice,     Herbert  Hoover   is 

confronted   b]    a   problem  of  an  •  ogineerlng   ^imi  and   turns  said  to  be  one  of  the  few    really  .treat  mining  engineers  of 

to  his  engineering  friend.    Most  ..t  these  come  without  solid-  his  generation.     In  the  practice  of  his  profession  he  has  ac- 

t.itton  and  as  a  result  of  personal  contact  whicb  bad  nothing  cumulate. I  what   teems  a  tidj  fortune  for  an  engineer.    More- 

t,,  do  with  engineering  work      And  yet  these  as  sources  of  over,  he  is  a  past-president  ol  the  American  Society  of  Min- 

uork  imp.  go  on  and  it  lias  been  impressed  upon  Log   and    Metallurgical    Engineers  and   has   written   a   book, 

me  that  mui  b  ol  u  comes  from  a  genial  and  pleasant  interest  "The  Trinciples  of  Mining  "     fe   it   not  significant,  however, 

in  the  other  man's  affairs.     It  is  a  very   valuable  hold  and  no  that   the   trained    genius   of   Mr.    Hoover,   the   engineer,   saved 

rules  can  bo  laid  down  tor  its  cultivation,   but   it    Is  B  strong  more   than   once   whole   civilian    populations   during   the   late 

Individual  practitio  war  from  starvation,  and   In     o  doini    put   Living  steel  into 

A    filial    source    Of    employment,    not    unimportant,    is    that  the  soul  of  the  battle  lines?      Ind   no  ■  n-tary  of  Com- 

which  maj  ted  through  political  activitj   In  its  bet  merce,   Mr.  Hoover   is   grappling   with   the   problems  of  the 

■  use      Engineers   have  not   done  much  of  this,   but  oilier  new  world,  an  engineer  using  the  methods  ol   applied  science 

lonal  men  have  with  an  Increase  in  prestige,     in  my  in  the  study  and  In  the  Bolutlon  of  our  industrial  problems, 
opinion    it    would    be   much    betl                        il    we   did    take  an  Hqw  the   Average   Engineer  Can    Help   in    Public   Affairs.— 

active  persona]  interest   m   politic!  an  aioot  Kxample8  llke  those  of  stelnmett  and  Hoover  naturally  raise 

critic  but  as  .,  member  of  a  partj  organization,  openly  Inter-  mg  question:     How  ,,,,,   ,,,,.  aTerage,  garden   variety,  sort 

of  engineer  bring  his  training  in  applied  science  to  bear  upon 
solution  of  the  problems  of  the  new  era.  for  which  he 

ti    „    T?^„i„~~-    _„J    p,,k|:,.    Qaruire*  is   30  largely  responsible'      In    Iowa   the    way    is   easy       In   our 

The  Engineer  and  Public  Service  principal  cities  our  distm  tel  meers  are  meeting 

By   JOHN"    11.    DTJNLAP,  regularly    and    taking  interest    in    municipal    affairs. 

Professor  of  Hydraulics  and   SanH&rj  These  clubs  are  component    parts   of  a   strong   state   organi- 

.  zation,  which  serv  -ring  house  for  tie    activities  of 

The  engineers  world,  the  mechanical  world,  presents  quite  the  c,ubg  and  gp))).s   t(j   ;    ,   ,,      ,n   ,h(,   st;i|),   thp   service  tor 

a  new  set  of  problems   for  national,  state  and  local  govern-  which  tfae  englneer  is  qualifled.     Moreover,  our  state  organi- 

meiits  to  ponder,  and  attempt   to  solve.     For  instance,   Sen-  7atjon  is  a  member  of  the  Federated  American  Engineering 

ator  King,  one  of   the   speakers   at    the  annual  dinner^ of  the  Societles      Thi8   jg   a    comprehensive   organization   dedicated 

Society  of  Engineers  of  Washington,  D.  C,  on  Dec_   i,  1921  {q  Uje  service  o£  tQe  (.OMIiminitv.   the  state  and  nation.     In 

is  reported  to  have  said  that  the  country  would  be  benefited  taking  our  par(.  |n  pub]jf,  affairs    however,  no  engineer  should 

if    the    existing    United    States    Senate    should    resign     and  thjnk  Qf  hig  Qwn  ge,flsh  interest  or  reward.    Each  one  of  us 

each  place  be  filled   with  an  engineer.     The  Bulletin  of  the  should  undertake   to  assist    in   the   solution  of  at   least  one 

Federated  American  Engineering  Societies  has  surprised  us  community  problem,  and  give  to  it  the  best  that  is  in  him. 

with   its  long  lists  of  the  bills  introduced  in  congress  which  Jn  cagg  Uie  general  pulj,i(    fimls  our  service  of  value,  what- 

are  of  direct  interest  to  engineers.     Moreover,  our  state  leg-  ever  reward   ig  attaciKJ||    ,„   valuable   service   will   naturally 

islatures  and  our  local  councils  all  over  the  land  are  dealing  be  Qurg     But  the  service  must  be  first, 

more  and  more  with  matters  with  which  engineers  are  more  Qne  plam  duty  ().  s  tQ   initiate  a   plaI1|  not  Ior 

familiar  than  is  any  other  class  of  technically  trained  men.  china  o],  Africa    hut  for  tne  place  wnere  ne  liveSj  which  wln 

Notwithstanding  this  fact,  the  engineers  who  are  rendering  gradual)y  bring  to  pass  a  more  intelligent  and  a  more  conse- 

public  service  of  this  character,  are  so  few  in  number  as  to  crated    citizensnip.     As    Theodore    Roosevelt    has    said,    the 

be  almost  negligible.  members  of  our  communities  should  be  graded  not  according 

Old  Methods  of  Government  Should  Receive  Scientific  to  coiorj  race,  creed,  wealth,  education,  family,  but  accord- 
Study. — Furthermore,  it  is  high  time  that  not  only  the  new  mg  t0  their  performance  ,,i  the  duties  of  citizenship.  To  this 
problems,  but  also  the  old  methods  of  government  should  end  your  attention  is  called  to  the  suggestive  booklet  entitled, 
recei',  <tudy.  It  is  most  interesting  to  note  that  A  pian  for  Unified  Community  Effort  in  American  Citizen- 
the  city  of  Cleveland,  which  is  our  fifth  city  in  point  of  popu-  snip>  Dy  Martin  J.  Wade,  Judge  of  the  United  States  District 
lation.  has  recently  voted  in  favor  of  the  city  manager  plan.  Court.  In  brief,  Judge  Wade  suggests  a  community  council, 
and  has  also  reformed  its  method  of  electing  its  city  council.  representative  of  all  patriotic  and  fraternal  societies  and 
The  new  plan  provides  for  proportional  representation.  By  clubs  of  the  community,  to  meet  at  least  monthly.  Such  a 
proportional  representation  the  disfranchisement  of  minori-  council  could  lay  out  a  comprehensive  program  for  a  corn- 
ties  is  prevented.  For  instance,  by  the  common  method  of  munity  and  transform  it  in  a  generation  into  the  best  pos- 
representation  in  our  country,  the  man  who  votes  consist-  sjDie  place  in  which  to  live,  to  build  homes,  and  rear 
ently   a   democratic   state  ticket   in   the   state  of  Vermont  is  children. 

praeticallv   permanently   disenfranchised.     Of  course   propor-  ■ 

tional  representation  is  already  in  use  in  many  parts  of  the  f  portland  Cement  in  1921 

English  speaking  world.     Its  applicability  to  American  con- 

ditions  has  already  been  demonstrated  in  the  election  of  the  Preliminary    estimates    made    by    the    I  nited    States    Geo- 

city    council    in    1920    in    Sacramento,    California.      It   needs  logical   Survey   from   reports  of  representative   producers  of 

only  intelligent  study  to  gain  friends  everywhere  and   wide  Portland   cement  show    that    the    average    factory   price   per 

acceptance  at  elections.  barrel  of  Portland  cement  excluding  cosl  of  container  in  the 

.....     u         r...„^   wic;nn   r.t   p„hii,-   c^rui,-,.  I  nlted  States  in  1921  was  approximate^   $1.87. 
Engineers    Who    Have    Caught   Vision    of    Public   Service.- 

Fortunately   some  engineers   have   caught  the   vision   of   the  lue  P™-™»  ">  weroge  factory 

public  service  which  men  of  our  profession  are  equipped  to  .   per 

render,  and  are  in  themselves  the  personification  of  all  we  barrrf  '"  1921- 

„ .        /-,k„-i„„    d     cl„(„  Eastern  Pennsylvania  and  New   .tors.  \    S1.72 

have   been   trying  to   say.     For   example,   Charles   P.    Stein-  u»0 

metz   is  one  of  America's  most  distinguished   electrical   en-  Michigan  and  northeastern  1.86 

glneers.     He  has   been,  since  1893,   the  consulting  engineer 

of    the    General    Electric    Co.,    and    since    1902    professor    of  Mai  '   Virginia..  1.83 

electrophyslcs  at  Union  College.     He  Is  the  author  of  many  |\';;t  iji 

nd  books,  which  are  perhaps  the  most  out-  Kat  j-J!j 

standi'  class.     He  is  a  past-president  of  the  Amer-  I':,'!',','/,','!,';.;""1  '  ''"'  S^'s 

lean    Institute   of   Electrical    Engineers,   of   the    Illuminating  u  .,  hlngton,  Montana  and  2.61 

Engineering  Society,  and  of  the  National  Association  of  Cor-  The  average  net  factory  price  received  per  barrel  for  the 

whole  counlrv  in  1920,  as    hown  by  reports  received  from  all 

#«« «f1  ,,„„„,,       ,:1 
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Distribution  of  Income* 

Society  the  world  over  is  In  a  state  disorganisation 
and  confusion.    .Millions  of  workers  are  w  ihoul   employment 

or  regular   income,   and   flieir  dependent    i  ire   In   dis- 

tress,    in   the    United    States   the   crops  Istuffi    have 

been  ample,  but  the  producers  are  unable  to  dispose  ol  them 
at  remunerative  prices  because  the  would-be  i  onsumers 
are  unable  to  buy.     That   this  state  of  affairs   is  deplorable 

all  are  agr 1      Nobody  desires  it  to  continue,   but    t1  i 

lack  of  agreement  as  to  what  may  be  dour  to  remedy  the 
situation. 

There  is  a  prevalent  opinion  that  some  authority  or  group 
of  lead.rs  might  set  everything  right  if  only  it  was  impressed 
with    the   necessity   for  doing   so.     This   ban]  liters. 

evidently  written  in  all  sincerity,  urging  thai  great  iianks 

take  s|  eedj  steps  to  afford  relief.  The  bank-  are  as  much 
interested  in  the  revival  of  prosperity  as  anybody  can  be, 
hut  have  no  control  over  the  situation.     T  nent  at 

Washington  is  urged  from  many  quarters  to  do  something 
forthwith,  hut  the  officials  of  the  Government  have  enough 
to  do  to  make  its  own  financial  ends  meet.  The  Government 
has  no  control  over  the  fundamental  factors  in  the  present 
situation. 

Prosperity  is  a  state  which  exists  when  everybody  is  able 
to  readily  exchange  his  labor  or  products  for  the.  labor  or 
products  of  ot  Iters.  The  terms  of  those  exchanges  have  to 
be  agreed  upon  by  the  immediate  parties  to  them.  Neither 
the  Government  nor  the  bankers  can  say  how  many  bushels 
of  corn  shall  exchange  for  a  pair  of  shoes,  a  suit  of  clothes 
or  a  ton  of  coal,  and  these  exchanges  are  the  seat  of  this 
present  disorder.  When  it  suddenly  takes  two  or  three  times 
as  many  bushels  of  corn  to  buy  shoes  or  clothing,  stagnation 
in  the  shoe  and  clothing  industries  naturally  results.  The 
purchasing   power  of  the  corn-growers  is  curtailed. 

Industrial  Discontent. — The  explanation  of  the  disorder 
Which  exists  in  industry  is  largely  in  the  state  of  mind  of 
the  workers.  It  cannot  be  doubted  that  as  a  result  of  agita- 
tion that  has  been  going  on  for  years  the  wage-earning 
population  has  become  to  some  extent  imbued  with  the  idea 
that  wage-earners  have  been  unfairly  dealt  with  by  the  em- 
ploying class  Many  of  them  believe  that  they  have  not  re- 
ceived a  fair  share  of  the  fruits  of  their  labors,  and  have 
determined  to  do  less  work  and  get  more  for  it.  One  natural 
effect  of  this  belief  is  to  reduce  the  efficiency  of  the  individual 
worker.  Of  course  no  one  will  work  with  good  heart  if  he 
thinks  he  is  unfairly  dealt  with.  Another  effect  is  a  want 
of  harmony  between  organized  labor  and  the  employers 
which  interferes  with  the  effective  direction  and  management 
of  industry.  Of  what  use  is  it  to  appeal  to  bankers  or  em- 
ployers for  remedies  for  unemployment  when  their  opinions 
and  advice  are  viewed  with  suspicion  and  they  can  do  nothing 
without  co-operation? 

What  is  the  truth  about  the  division  of  the  industrial 
product?  Do  employers  as  a  class  obtain  an  excessive  and 
unfair  share  of  it  and  the  wage-earners  as  a  rule  less  than 
they  ought  to  have?  Is  the  distribution  an  arbitrary  one, 
determined  by  employers  to  suit  themselves,  or  is  it  a  vary- 
ing one,  determined  by  industrial  conditions  and  economic 
law? 

Numerous  calculations  have  been  made  from  time  to  time 
by  statisticians  from  the  available  data,  and  the  data  is  in- 
creasing from  year  to  year  as  statistical  reports  upon  pro- 
duction are  extended  and  made  more  complete.  The  income 
reports  required  by  the  government  in  connection  with  its 
system  of  taxation  have  added  much  to  available  material. 

Who  Gets  the  Industrial  Product?— Evidently  it  is  highly 
desirable  that  a  careful  study  of  the  distribution  of  current 
wealth  shall  be  made.  What  becomes  of  the  industrial  out- 
put of  the  country?  For  whose  benefit  does  this  great  in- 
dustrial organization  function?  In  whose  service  are  the 
thousands  of  factories  running  and  the  railroads  kept  in 
operation?  For  whose  ultimate  benefit  are  the  great  sums 
of  capital  raised,  as  represented  by  the  daily  bond  and  stock 
flotations,  and  the  great  industrial  works  projected?  Do 
a  few  owners  reap  the  benefits  or  are  they  widely  diffused? 

And  not  only  is  it  very  desirable  that  the  truth  shall  be 
ascertained  about  distribution,  but  important  that  it  shall 
be  determined  by  the  co-operative  studies  of  a  group  of 
men  representing  different  views  upon  social  and  industrial 
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questions.  In  other  words,  it  is  highly  desirabje  to  have 
the  facts  removed  from  controversy.  It  is  not  to  be  sup- 
posed that  men  will  ever  agree  in  their  opinions  about  all 
social  and  industrial  policies,  but  if  they  can  agree  upon 
certain  facts,  much  that  is  in  controversy  may  be  cleared  up. 

The  National  Bureau  of  Economic  Research,  Inc. — For  the 
purpose  of  creating  an  organization  for  economic  investiga- 
tion whose  findings  would  be  generally  accepted  as  trust- 
worthy the  "National  Bureau  of  Economic  Research,  Inc.," 
was  organized  in  New  York  in  1920.  The  original  Board  of 
Directors  was  made  up  as  follows: 

Bor  Thomas  S.  Adams,  Department  of  Economics,  Yale  Unl- 
ty;   Tax   Advisor  to  the  Treasury  Department. 
or  John  R.  Commons,  Department  of  Economics,  University 
of  Wisconsin 
John  P.  Frey,  editor  of  the  International  Moulders'  Journal. 
Edwin   F.  Gay,   editor  of  New  York    Evening  Post,   formerly  head 
rue  School  of  Commerce,  Harvard  University. 
W.    I-iidler,   secretary  of  the   Intercollegiate  Socialistic  So- 
ciety. 
Ellwood  Mead,  professor  of  Rural  Institutions,  University  , 
fornia. 

•  >r  Wesley  Clair  Mitchell,  Department  of  Economics,  Colum- 
bia University. 
J.   E.   Sterrett,   of  Price,   Waterhouse    &   Co.,   public   accountants, 

New  York. 
X.  1.   Stone,  statistician  and  labor  manager  Iliekey-Freeman  Com- 
pany, Rochester,  N,  Y. 
Professor    Allyn    A.    Young,    Department    of    Economics,    Harvard 
University. 

The  organization  was  formed  with  the  above  Board  of 
Directors  and  vacancies  in  these  memberships  are  filled  by 
the  Board  itself. 

In  order  to  make  the  management  and  supervision  still 
more  representative,  the  following  organizations  were  in- 
vited to  each  name  an  additional  member  of  the  Board,  with 
full  powers,  and  pursuant  to  this  invitation  the  parties  named 
were  chosen  and  have  participated  in  the  deliberations  of 
the  Board: 
American   Economic   Association — Professor  David   Friday,    of   the 

University  of  Michigan. 
American  Federation  of  Farm  Bureaus — Gray   Silver.  Washington, 

D.  C. 
American  Federation  of  Labor— Hugh  Frayne,  New  York. 
Engineering  Council— W.   R.   Ingalls,  New  York. 
American  Bankers'  Association— George  E.  Roberts,   New  York. 
American  Statistical  Association — Malcolm  C.  Rorty. 
Periodical  Publishers'  Association — A.  W.   Shaw,   Chicago. 
Industrial  Relations  Association  of  America — J.  M.   Larkin. 
National  Industrial  Conference  Board — Frederick  P.  Fish. 

The  research  work  was  placed  in  charge  of  four  men, 
eminently  qualified  by  education  and  technical  experience, 
to  wit:  Wesley  C.  Mitchell,  Willford  I.  King,  Frederick  R. 
Macaulay  and  Oswald  W.  Knauth. 

Distribution  of  Current  Income. — It  was  determined  that 
the  first  study  should  be  into  the  distribution  of  the  current 
incomes  of  the  people  of  the  United  States. t  The  subject 
was  approached  from  two  sides,  by  statisticians  working  in- 
dependently, on  the  one  hand  from  data  relative  to  the  pro- 
duction of  wealth  in  the  country,  such  as  statistics  of  the 
crops,  mineral  products,  transportation,  etc.,  and  on  the 
other  hand  from  data  relative  to  incomes  received,  such  as 
income  tax  returns,  census  reports  of  salaries  and  wages 
paid  in  the  industries,  etc.  A  vast  amount  of  information 
of  various  kinds  is  available,  much  of  it  fragmentary  but 
valuable  as  affording  opportunities  for  cross-checking.  The 
two  calculations  from  different  sides  of  the  subject  check 
each  other  so  well  that  for  the  nine  years  from  1910  to  1918 
the  average  annual  aggregate  income  of  the  people  of  the 
United  States  is  fixed  at  $40,200,000,000  by  one  method  and 
$39,700,000,000  by  the  other  method.  There  are  uncertain 
elements  in  the  calculation,  but  the  investigators  agree  in 
the  opinion  that  an  allowance  of  10  per  cent  for  error  in  the 
main  findings  is  ample. 

The  National  Income  at  1913  Prices.— One  of  the  most  in- 
teresting features  of  the  calculation  is  the  table  showing  the 
aggregate  national  income  yearly  from  1910  through  the  war 
period  and  also  the  purchasing  value  of  that  income  trans- 
lated into  1913  values.  Calculated  in  dollars  the  national 
income  increased  from  $31,300,000,000  in  1910  to  $66,000,000,- 

tlncome  in  the  United  States,  by  National  Bureau  of  Economic 
Research,  published  by  Harcourt,  Brace  &  Co.,  Inc.,  No.  1  West 
47  th  street,  N.  Y. 
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000  in   191%  but  calculating  the  value  of  the  national  product       little    ll  al   all  in  hard  time!      The  nel    Increase  from   L909  to  1918 
at   1!>13   prices   the    figures    for    1919   are    nnlj  igalnst   172  per  cent  In 

showing  thai   the  actual  gain  in  product   was  onlj   about   20  manual  and  ciei empio 

which  is  not  much  more  than  normal  growth  for         a  Conclusive  Showing.     Here  Is  definite  information,  well 
nine  years     The  figures  for  each  of  the  years  are  as  follows        authenticated,  as  to  the  division  of  the  Industrial  products, 

ted  Purchasing  ■''   1|,;lsl   s"  far  as  the  highlj   organized  industries  in  which 

,;,';;,';,.  <"''■■■    capita]   and   great         wage-earners  are  em- 

(biiiion  dollars)       of  pr  ployed.     It  shows  thai   in  the  ten  years  under  examination 

wages  and  salaries  absorl from  66.7  to  77.:i  per  cent  of 

the  total  values  produced   in  the    ■    industries,  the  remainder 

E    '"   the   owners    and    others    supplying   capital.     This, 

b    the  report  properlj  po  the  showing  for  the  going 

industries;    it   does   not    include   slides   which    have   failed. 

shut  down  and  made  no  reporti    ol   operations,    A  complete 
showing  ol  the  net  return  tor  capital  in  all  industries  would 

The  final  estimate  ol  the  average   income  per  capita,  and      require  thai   t li- ■  . ■  in  

purchasing  power  at  price  level  ol    1913,  for  the  years  from         of  course  the  share  ol  ca]  iti  n,  ranging  from  22.7 

to  1918  is  as  follows  to  33.3  and  averaging  for  the  ten    f>  did  not  all  go 

;    u       to  rich  people.    The  stocks  and  lends  of  corporations  are  a 

, .  i,,  common  form  ol   Investment    tor   people  of  all  classes,  and 

Population  in  ta  capita  the  bonds  are  very  largely  held    bj    savings    hanks   and   life 

In  Lillian      Income   In       billion      inn.mc  in  ,  „ 

millions.  insurance  companies.     Moreover,   an    important    share  of  the 

[909  l  ISS3  net  earnings  ol  the  Industries  Is  devoted  by  the  owners  to 

31;7  enlarging  the  Indn  trii     and  Improving  the  equipment,  which 

redounds  to  the  benefit  of  the  public  even  more  than  to  their 

1913    37.28  34. •!  3-1.4  354  „,..„    ...i„„„,. 

1914   335  33.0  own  <m\antage. 

56.0  350  These  figures  are  something  to  ponder  over.     They  ought 

1917  523  Jog  396  to   be   br°ught  to   the   attention   of  everybody,   and   particu- 

61  0  larly  of  those  wl disposed  to  be  critical  of  the  existing 

The    per  capita   income   Bhows   what  would  come  to  each      industrial  order.     How  much  more  than  70  per  cent  of  the 

person  ii   all  Inco s  were  lumped  together  and  the  sum  di-      industrial    product    can    tl mployes    reasonably    claim    for 

rided  equally  to  the  population  of  the  country.  their  service's,  as  against   management  and  invested  capital? 

Division  Between  Employes  and  Owners. — One  of  the  most  Some  accumulations  there  musl  be  tor  the  enlargement  and 
I  ng  results,  and  one  which  throws  a  flood  of  light  betterment  of  industry,  and  seme  compensation  for  accumu- 
npon  the  vexed  wag<  question,  is  given  in  Table  18.  This  lation  and  for  the  responsibilities  and  risks  of  ownership 
shows  the  'division  of  combined  net  value  product  of  mines,  dI"e  necessary  in  the  common  interest.  The  wage-earners 
factories  and  land  transportation  between  earnings  of  em-  are  invited  to  participate  in  ownership,  and  where  they  take 
ployes  and  returns  for  management  and  the  use  of  property."  this  invitation  seriouslj  are  soon  able  to  obtain  an  important 
The-  results  are  given  in  millions  of  dollars  and  also  in  per-  share  in  it. 
centages   Of   the   net    value  of   the   product,  as   follows:  The  „Cost  of  Ljving-  Theory  of  Wage-Fixing.-The  Execu- 

eni  tive  Council  of  the  American  Federation  ol  Labor  in  a  state- 
Manag'                               Management  .,  .    ,  ,      ,         .  •**.*.  u 

Wages  and         and  Wages  and       and  ment   recently   given    oul    lias   declared   against   the   practice 

sa'i"  "v         salaries.        property.  of  fixing  wages  with   relation   to   the  "cost  of  living."     "The 

K2  ''"'Ci  $68  7  311 

68;g  American  trade  union   movement,"  said  the  declaration,  "be- 

2.791              72i3  27^7             lieves  that  the  lives  of  the   working  people  should   he  made 

3i359             72.0  better   with   each    pas  sin              and   year.     The   practice   of 

2^816              73.8  26  2             fixing  wages  solelv  on  a   basis  of  the  cost  of  living  is  a  vio- 

i  <,  i  -  "I'll  71   I,  09  5 

333  lation  of  sound  economy  and   is  utterly  without  logic  or  sci- 

1917      M.375  68"<>  .:    |  entific  support  of  anv  kind" 

77.3  22.7  „,_  "  ,  ,     .      , 

nclua,      („  ,    ions  The  practice   referre       to   developed  during  the  war  when 

mi  - I    property"   In  great  confusion  existed  in  wages  and  prices  and  there  seemed 

"Wends.  t0  be  no  better  waj   ,„   ,    ,,,,,.„., rily  adjusting  wages  than  by 

The  above   table   Includes    the    large,   highly-organized   in-  reference  to  the  changes   in  the  cost  of  the  principal  neces- 

wliicii   according    to    the    report,  roughly   speaking,  saries.     Claims    tor    «               inces    were    usually    based   on 

produce  one-third  of  the  national  income.  th<    advancing  cost   ol    living,   and  the  validity  of  the  argu- 

Commentlng  upon  the  Bhowing  the  report  says:  menl    was  accepted. 

I„  banking                                                   ch  present  obvious  "   ls  true  ,hal   ,hl'  Practice   is  unscientific  and  unsound,  lor 

peculiarll                   crcentage  ol   the                  lucl    going  to  employes  the  theory  upon   Which   il    is   based  runs  in  a  circle,  the  cost 

114  and    1916    ind   rose    aga  n   between    1916  and    191S  of  living  being  Itself  determined  mainly  by  wages.     It  should 

n   farming).     The  rapid   i             prices  In  the    flrsl    period  |)e  added   that   all   arbitrary   or   purely    theoretical   standards 

ers.     Wages  Q\    u  .                                                              unscientific  and   un- 

iIi.n    max    ifered  as  ideals  to  be  striven 

■■''-'    ■'      '    ■'    »'        [or.     II    Is   a  el t  up  an   ideal   standard  of  living  in 

i  ,.i  si.,w.  a  .i.i  ■  , 

mosi  mdusti  ,  Russia  al  this  time;   II  the    food  a   produced  it  is 

nol   to  be  had,  and  living  c everj  where  depend   at 

last  upon  the  rolume  of  production.    The  tables  given  above' 
I    ,     a     toUows:  show    the  aggregate   Income    ol    the    people  of   this   country, 

"ilh    "    ",:i"    ' s  somewhal    in   excess  o    the 

mabi>       aggregate   prodi i   ol      ealth,   as   a   good    m 

In,  [Uded    are   tor  service     which   flgure   a     production    In    a 

in    n..i   lik.K       negative     way     such     as     mosi     governmenl     Bervlce 

•  ii  mainly,  though      is     Impossible    to    divide      anj     more     than    all     there     is; 

■  there    is    a    definite    limit,    and    the    total    is    nol    ample 

lie    nv,.s   oi   the  worKi  -.ill  be  made  better  if  pro- 

,Ih.  n. hi   is   increased,  nol   otherwise      II   is  Important   to  put 

,     .  the  .'in]. basis  in  the  righl   place      Endless  gains  are  possible 

""    "'l""i       b3    thai    means,  bul    te*    S    be  expected    bj    fightin 

the  three  tenths  ol  on  i  thai  new  goe    to  management 

II         •  ,1.       ,„  l,Mt 

,,.,,,  ami   capita       Harmonlou     Industry   will   Increase   them,   out 
i   iti,-  pay  roll, 

Ii       BTi warfare,  will  diminish  them, 

ix    than    wages    bul    fall  Distribution    Governed    by    Economic    Law.     The    ll 
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be  found  in  this  stud;  of  Incomes  is  that  thej  are  governed 
bj  economic  law,  and  not,  as  commonly  assumed,  by  arbi- 
trary power.  They  are  not,  in  any  general  sense,  within  the 
control  of  employers,  either  singly  or  as  body,  to  fix  as 
they  please;  nor  can  the  general  wage-level  be  materially 
changed  by  organization  among  wage-earners  There  are 
certain  relationships  throughout  industry,  which  in  the  long 
run  are  bound  to  be  maintained.  There  is  a  balance,  or 
equilibrium,  which  must  be  maintained  for  the  best  interests 
of  all;  if  it  is  disturbed,  the  normal  exchange  ol  goods  and 
services  is  interrupted,  and  although  wages  maj  be  nominallj 
high  they  are  actually  low  when  unemployment  and  the  cosl 
ing  are  taken  into  account.  The  latter  is  the  state  of 
things  existing  today. 

The  situation  tends  under  the  tree  play  of  natural  forces 
to  make  the  necessary  adjustments  and  come  into  balance. 
The    products   and   services   which   all   cla-  i,,r   ex- 

change must  be  so  valued  to  each  other  that  th<  m 

can  be  made.  Wages  must  be  high  enough  to  enable  the 
wage-earning  class  to  buy  and  consume  their  normal  share 
Of  the  industrial  product;  otherwise  products  will  accumulate 
and  business  will  be  bad.  Likewise  farm  products  must 
have  a  purchasing  power  compared  with  other  things  that 
will  allow  the  great  body  of  people  who  li\.  on  the  rm 
to  take  their  usual  share  of  goods,  or  unemployment  in  the 
other  industries  will  result.  Thus,  every  class,  instead  of 
being  interested  in  fixing  its  own  compensation  without  re- 
gard to  the  effect  upon  others,  is  interested  in  that  right 
adjustment  of  values  which  enables  the  exchanges  to  be  com- 
pletely made,  and  in  that  manner  serves  the  common  interest. 

When  this  idea  of  the  necessary  balance  throughout  in- 
dustry is  fully  understood,  the  costly  controversies  ami  trials 
of  strength,  the  "blocs"  and  various  devices  for  imposing 
tlic  will  of  small  groups  upon  the  community,  will  be  seen 
to  have  been  wholly   misconceived  and   ineffective. 

The  Way  of  Real  Progress.— The  way  of  real  progress  is 
not  by  petty  efforts  to  "make  work"  or  advance  the  interests 
of  each  group  at  the  expense  of  the  others,  for  these  have 
the  net  result  of  nullifying  each  other  and  obstructing  all 
progress,  but  by  the  improvement  of  methods,  making  labor 
more  effective  everywhere,  thus  bringing  more  of  the  com- 
forts of  life  within  the  reach  of  everybody.  Every  individual, 
whether  he  be  employer  or  employee,  who  does  not  lend 
his  efforts  in  good  faith  to  accomplish  this  end  is  unfaithful 
to  his  social  obligations. 

When  it  is  realized  that  seven-tenths  to  three-fourths  of 
the  industrial  product  goes  direct  for  personal  services,  It 
will  be  appreciated  how  great  are  the  gains  to  labor  from 
industrial  progress.  Every  invention,  every  installation,  every 
investment  of  capital  that  increases  the  industrial  output 
increases  the  income  of  labor  by  approximately  three-quar- 
ters of  the  amount. 

Conversely,  every  scheme  for  reducing  the  efficiency  of 
labor  or  compelling  the  unnecessary  employment  of  labor, 
thereby,  increasing  industrial  costs,  offsets  and  nullifies  the 
achievements  of  inventors  and  industrial  leaders,  and  slows 
down  the  rate  of  social  progress. 

Engineering  Achievement. — An  eminent  engineer.  Mr.  John 
lv  Zimmerjnan,  in  an  address  delivered  last  month  at  a 
dinner  of  the  Engineers'  Club  of  Philadelphia,  made  the  fol- 
lowing illuminating  statement  as  to  the  benefits  that  are 
accruing  from  improvements  in  the  use  of  steam  power  since 
tli.    Centennial  Exposition  was  held  in  1876. 

Hen    toils    a    story:     the    great    Corliss     Knj.ii 
at   the  Centennial  Exposition  at   Philadelphia,   was   i 
Lhen    onprecedented    capacity    of    1,400    H.    P.    and    rotated    at    36 
r      Contrast  with   this  the  present  larsest   turbo-generator 
of  80,000   H.   P.    (60.0C0  K.   W.)    at    1.S00   R.    P    M.     What    this  ad- 
vance and  progress  in  the  science  of  generation  of  electricity  alone 
has   meant   to   the   human   race  in   the   conservation    of  its   natural 
resources   can    best    be    illustrated    by    the    amount    of    coal    which 
would  have  to  be  burned  today  to  produce  the  demand  for  central 
station  energy  if  it  had  to  be  generated  by  the  type  of  Colossus 
Corliss    exhibited    at    the    Centennial    Exposition.       I    figure    con- 
servatively that  the  saving  effected  in  a  years  time,  in  this  respect 
amounts  to  not  less  than  21,000,000  tons,  which  if  taken  even 
at  the  very  low  average  price  of  $2.50  per  ton  delivered,  represents 
a  yearly  saving  of  $32,500,000  to  the  country  at  large. 

Mr.  Zimmerman's  calculation  is  based  upon  the  amount 
of  energy  generated  by  central  stations.  If  account  was 
taken  of  all  steam-power  generated  the  savings  would  be  very 
much  increased.  The  improvement  in  the  generation  of  loco- 
motive-power has  been  as  great. 


President   Harding,  in  his  ad. Ires-  to  He    Agricultural  Con- 
terence,  s]  oke  ol  the  economies  that   mighl  he  accoi 
bj    the   electrification    ol    the   railroads,   and    the   calcul 
recently  made  of  the  gains  that  ma;     n     n  sieved  by  the  con- 
struction   ol    the   proposed   super-power   lin 

me|,,n    anil    Most, in    at    an    estimati  d    out  laj     oi     •  1,100  Ol 
illustrates    what    maj     he    expected    from    such    development 
work.      William   .1.   Cunningham,   professor   of   Transport! 
Harvard    University,  discussing  the  report  upon  the   super- 
power line,  has  said: 

i  I       typli  al    railroad    executive    recoi  i 

■  He   knows    that    ii    will  ||  Pia,  , 

at  least  on  Urn        I       a       traffic  and  in  congest  ■ 
Fo     his     >wn    line   under  thesi 

advent  ol  electricity  if  a  rairy  godmothei   would  provid 
funds  and  make  it  possible  to  earn  the  additional  can 

The  problem   is   not    mginei  i  ng       [t    ,     .    -,„,;,,, 

linam  i 

Mr.  Samuel  Gompers  has  recently  given  out  a  plan  for 
restoring  prosperity  by  the  expenditure  of  great  sums  of 
capital  in  construction  work  of  different  kinds.  Of  course 
it  is  very  desirable  that  such  work  shall  be  carried  forward 
as  fast  as  it  can  be  done  and  capital  is  available  i,,i  it 
is  seen  the  necessity  for  the  balanced  relation  to  which 
reference  has  been  made.  Somebody  must  have  accumu- 
lated the  capital  with  which  payment  for  such  work  shall 
be  made;  evidently  such  accumulations  are  in  the  public 
interest,  and  if  approximately  three-fourths  of  all  the  income 
accruing  from  capital  investment  goes  directly  to  labor  there 
does  not  seem  to  he  any  occasion  for  labor  to  be  alarme.i 
i  apital  accumulations. 


Concrete  Housing  Projects 

A  member  of  the  staff  of  the  U.  S.  Bureau  of  Standards 
recently  made  a  trip  of  inspection  covering  various  col 
housing   projects.     This   is   the   third   trip   of   the   kind 
has  been  carried  out  and  covered  the  territory  in  the  neigh- 
borhood of  Pittsburgh,  Cleveland,  Chicago,  and   Mi apolis 

A  Technical  News  Bulletin  of  the  Bureau  .summarizes  the 
trip  as  follows:  Three  days  were  spent  in  the  vicinit 
Pittsburgh  inspecting  various  types  of  concrete  houses  both 
those  built  according  to  monolithic  and  concrete  block  con- 
struction, including  two  important  projects  at  Johnstown. 
Pa.,  and  Donora,  Pa.  The  former  includes  89  concrete 
houses  built  by  the  Cambria  Steel  Co.  in  1920  and  1921, 
while  the  latter  consists  of  concrete  houses  of  the  Lambie 
type  built  in  1917  and  1918. 

The  most  notable  development  in  the  vicinity  of  Chicago 
is  the  institution  at  Mooseheart,  111.,  built  by  the  members 
of  the  Loyal  Order  of  Moose  for  the  education  of  the  father- 
less children  of  the  order.  The  use  of  concrete  has  de- 
veloped to  a  remarkable  degree  not  only  in  the  construi 
tion  of  the  Mooseheart  buildings  but  also  in  the  production 
of  ornamental  and  architectural   concrete. 

Inspection  of  the  Morgan  Park  houses,  a  development  of 
the  Minnesota  Steel  Co.,  at  Duluth,  occupied  2  days.  The 
project  includes  about  500  houses,  most  of  them  being 
constructed  of  small  concrete  units.  Other  projects  in- 
cluded the  houses  built  by  the  Hydraulic  Steel  Co.  at  Cleve- 
land, while  at  Canton  the  metal,  lumber,  and  stucco  houses 
developed  by  the  Berger  Manufacturing  Co.  were  studied. 
There  is  a  greater  diversity  of  concrete  house  types  in  the 
vicinity  of  Youngstown  than  at  any  other  point,  since  there 
may  be  found  the  Donaldson  and  Lambie  houses  bui 
the  General  Fireproofing  Co.,  together  with  a  steel  and 
stucco  house  of  their  own  design. 

Nearby  is  the  well-known  project  of  281  concrete  houses 
built  by  the  Youngstown  Sheet  &  Tube  Co.  in  1917.  The 
Carnegie  Steel  Co.  has  a  housing  project  located  at  Mc- 
Donald in  which  there  are  72  of  the  Van  Guilder  type  of 
concrete  houses  and  a  very  extensive  use  of  concrete  in 
city  pavements,  sidewalks  and  sewers.  The  same  company- 
has  a  project  of  50  Van  Guilder  houses  at  Steelton. 


Prize  Awards  of  Illinois  Society  of  Engineers  for  Engineer- 
ing Papers.— Prizes  offered  by  the  Illinois  Society  of  En- 
gineers in  its  annual  competition  of  papers  on  engineering 
subjects  have  been  awarded  as  follows:  "Analysis  of  Errors 
in  Survey  Chaining,"  W.  H.  Rayner,  Urbana,  III.;  "Overflow 
Chambers  in  Intercepting  Sewers,"  W.  T.  McClenahan, 
Chicago. 
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Method   of   Breaking    Up    Ice   Gorges  with 

Explosives 

Bj  B.  K    Rl  SSELL, 

ent&tlvi     i:    l    du  Pon  &  Co 

Attacking  and  Jams  by  the  uae  ol   dynamite  ia 

paratively  Blmple  matter     Anyone  al  all  familiar  with 

an,  by  following  Instructions,  obtain 

the  proper  results      Sxploslvi  -    i  ■    now   bo  wldelj   used  thai 

in   i"'  obtained  In   practicall}  and   a  few 

hundred  pounds  ol  dynamite  corrects   applied  al   the  propei 

time   ma]    result    in    the    saving    ol    man]    thousand    dollars' 

Floods   due   to   Ice  gorgeB   occui    usuallj    about    the   same 
.i  ii  year  in  various  localities     The  gorge  also  I 
(.■rally  formed  at  the  aame  place  in  the  river  or  stream      For 
this  reason,  therefore,  preparai  i  an    bi    made  and   work 

Btarted  in  ample  time  b(  occurs. 

Ding  at  the  downstream  end  era]  hundred  feet 

below   the  probable  location  d1  the  Ice  should  be 

practically  honeycombed  <n  cracked  up  below  and  above  the 

point,  bo  that  when  the  'rush"  conies  it  will  give  or 

without    Jamming    or   causing   damage.      Forty 

Ighl  nitroglycerin  oi    10  per  cent  ammonia  dyna- 

■:'  :  be  u 

Holes  from  6   to   12   in    in   di  OSS  the 

and  60  to  75  ft.  between  rows  should  be  dug  through 

the  ice.     The  size  of  the  charge  per  hole  will  depend  entirely 

upon  the  thickness  of  the  Ice.     It  is  wise  to  try  a  test   shot, 

■i    boles  at   a   time   to   determine  the  proper 

charge   and   spacing.     If  the   ice   is   2   or  3    ft.    thick,   about 

1 1 ,    by    s    in     cartridges    should    be    used    in   each   hole.      If 

thicker  than  this,  from  eight  to  ten  cartridges  or  more  should 

1.     The  cartridges  should  be  securely  tied  in  a  bundle 

and   each   charge  primed  with   an   electric   detonator.     The 

dynamite  should  be  allowed  to  Boat  just  under  the  ice,  and 

the   handle   tied  to  a  stick  laid   across   the  hole  to   prevent 

the  charge  being  lost.     Even  better   results   will   he  obtained 

if  the  dynamite   is   suspended    in   the  water   from   2   to  3   ft. 

under  the  ice. 

It  it  is  inconvenient  to  use  electric  firing,  the  charges  can 
be  exploded   by   means   of   fits'  ting  caps,   hut  care 

should  be  taken  to  protect  each  cap  from  water  by  using 
sealing  compound,  or  smearing  heavy  grease  or  soap  where 
the  cap  is  inserted  in  the  dynamite.  A  good  grade  of  water- 
proof fuse  should  be  used. 

If  the  gorge  or  jam  has  actually  formed,  it  is  well  to 
honeycomb  the  ice  below  the  gorge,  as  previously  described. 
Then  at  about  midchannel — or  what  appears  to  be  the  weak- 
est point  of  the  gorge — a  heavy  charge  of  dynamite  should 
be  placed  under  the  ice,  if  possible.  If  the  gorge  is  a  large 
one,  it  may  be  necessary  to  fin'  two  or  three  heavy  charges 
at  different  points.  The  size  of  the  heavy  charge  will  de- 
pend, of  course,  on  the  thickness  and  extent  of  the  ice  mass 
and  may  vary  from  50  or  100  lb.  up  to  a  ton  or  more.  Size  of 
charge  must  be  regulated  according  to  the  location  and 
proximity  of  structure  that  might  possibly  be  damaged  by 
the  explosion.  If  there  are  no  buildings  or  other  structures 
nearby,  it  is  well  to  use  large-sized  charges  in  breaking  up 
large  gorges.  The  tendency  of  most  people  in  using  dyna- 
mite for  blasting  Ice  Is  not  to  use  enough.  The  reason  is 
that  t  usually  performed  by  those  who  have  very 

little  knowledge  of  high  explosives  and  a  very  exaggerated 
idea  of  their  force. 

Before  the  Ice  gave  away  in  breaking  the  great  ice  gorge 
at  Niagara  Falls  several  years  ago,  2,100  lb.  of  60  per  cent 
dynamite  were  used  at  one  tin  id  in  three  d 

A  rather  amusing  case  where  just  the  opposite  prevailed 
happened  when  an  ice  gorge  actually  formed  in  a  river  near 
a  certain  city.  The  chief  of  the  local  fire  department  de- 
cided to  try  blasting.  The  chief  of  police  ordered  all  win- 
dows of  houses  and  factories  opened  within  several  hundred 
feet  of  the  river  bank,  and  the  factories  vacated.  No  one 
was  i  get  anywhere  near  the  work.     Then,  with 

great  fear  and  trembling,  they  exploded  one  cartridge — eight 
ounces — on  a  mass  of  ice  that  would  actually  require  at  least 
100  lb. 

It  la  well,  therefore,  In  blasting  Ice  to  err  on  the  side  of 
overcharging,  as  this  sort  of  i  usually  be  carried 

on  without  fear  of  Injury  to  adjoining  or  nearby  property. 


use  hitherto  permitted  in  the  city 


Provisions    of    Zoning    Ordinance     Proposed    for 
Detroit* 

The   Cltj    Plan    i  hat    dratted   the   text   of  the 

proposed  ordinance  and  ha  prepared  diagrams  illustrating 
its  applications  and  tentativi  maps  of  the  proposed  zones 
oi  districts.  This  ordinanci  is  designed  to  promote  the 
public   Bafety,    health,    convenience   and   genera]    welfare   by 

itlng  the  height,  bulk  and  us buildings,  whereas  the 

Building  Code  provide       tructural   and   sanitary  regulations. 
It  is  to  protect  the  propert)   owner  from  "the  folly  or  greed 
of  his  neighbors."     it   will   bi    administered  by  the  Commia- 
■  t in.  nt   oi    Buildings  and  Safer.    I 
' '  nil      ■.  ill   be   i  onditioned  upon  contoi 

with  the  Building  Code  and  this  Zoning  Ordinance.  For 
special   cases  and   Inter]  .,    will  be  a  Board  of 

Appeals.  Certificates  for  occupancy  will  be  required  for  the 
use  of  new  or  altered  building  of  use.     The 

Common  Council  may  amend  the  ordinance  after  public 
hearings  and  report  by  the  City   Plan  Com!. 

Use    Regulations-'!  ..  ,,    ,„,,,    ,■,,„,.   ,..,.,,  s    ,,f   dis. 

ulonal 
passenger    si 
farming  and   custi  dental   or  accessory   uses   are 

permitted. 

In  "Commercial  D  ires,  light  manufac- 

turing  [ndd  •    uses  supplying  lot 

In    "Indus*  exci  pi    such    Industries   as 

those  emitting  odors,   fumi       dust,  smoke,  gas  or  noise  an 
mitted. 
Jr.  "Uni 

Hied. 
No   existing  uses  but  all  changes  must   be  toward 

.nt;.-. 
Height    and    Bulk    Regulations— Tho    city    is    divided    into    six 
•ording  to  building  height    limit, 
with  regulations  for  i  ht,  perci  mage  of  lot  area  ihat 

•    occupied,   i  housed   per  acre   and   least 

sizes  of  yards  giving  lighi  and  air.  For  dwellings,  yards  must 
be    uncovered   groan..  low     accessory    buildings    may 

not  mon    'i  t  of  rear  yard,     for  other  build- 

ings, yards  may  Includi  i  lien  areas  above  first  story-  Chimneys, 
elevators,  tanks,  ornami  ntal  towers,  spires,  etc.,  are  not  limited 
as  to  height. 

In  "35-foot  district  dwellings  may  cover  45  per  cent 

of  corner  iots,  35  per  cent  of  interior  lots  and  house  20  famllli 

cither  buildings  may  cover  60  per  cent  of  corner   lota   and 

50    per   cent   of    intet  i  irds    are   required    each    side    of 

lot. 

'n    "50-foot  districts"    (4    stories)    buildings    may   cover   00    per 

corner  lots  or  50  i>  r  cent  of  interior  lots.      Dwellings  may 

house  100  families  per 

On  large  lots  in  "S6-fool    districts"  single  dwellings  with   extra 
k  from  all  lot  lines  may  be  3V4  stories  or  45  feet  in  height.     In 
and  50-foot  districts,  public  or  semi-public  buildings  with  extra 
setback  from  all  lot  linos  m  D    i  at   high. 

In  "70-foot  districts"  a",  stories)  buildings  may  cover- 80  per 
cent  of  corner  lots  or  70  per  cent  "f  interior  lots.  Dwellings  may 
house  150  families  pel 

In    "100-foot,    160-foot    and    200-foot    districts,"    dwellings    may 
■ii   per  cent  of   ci  or  70  per  cent  ol    Interior  lots; 

other   buildings  100  per   cent.      Dwellings   may    house 

Towers  not  execoi  limited 

as  to  height  in  "150  and  200-foot  districts."  but  the  rest  of  a  build- 
ing Is  required  to  "si  Lbove   the   110  and   150-foot   levels 

Prevailing  "building  lines"   |ri   ,  ricts  are  to  lie  pro- 

tected.    No  pri  d  are  annulled. 

ptlons  arc  p:  i-enl    hardship  In  special  present 

■  ions. 

Scale  Formation  In  Steam  Boilers. — The  U.  S.  Bureau  of 
Mines   lias  ii  the  Pittsburgh  Kxperiment  Station, 

an    investigation    of    the    mechanism    of    scale    formation    in 
boilers,    The  object  of  the  investigation  is  to  determine 
if  the  charai  forming  in  boilers  may 

be  in  n  in  which  they  do  not  attach  them- 

t.i  the  walls,  and  also  to  ascertain  if  the  material  in 
the   boiler  wall   exercl         any   influence.     The  work  will  be 
dime    m    en  operation    with    a    company    manufacturing   com- 
m  appliances,  which  will  bear  all  expenses.     The  Inves- 
tigation will  probably  extend   throughout  the  year. 

•Kn.rn    the   Pulletln    of  i    Technical   Societies   of 
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Lighting  the  Wrigley  Building 

The  impressiveness  of  the  Wrigley  building  when  illumi- 
nated at  night  has  been  so  largely  noted  and  wondered  at  that 
we  give  herewith  a  brief  account  of  the  lighting  .system  as 
published  in  'Architecture  and  Building.''  For  the  benefit  of 
those  who  are  unfamiliar  with  the  general  facts  and  circum- 
stances of  this  building  it  should  be  stated  that  it  i  i  Imago's 
tallest  structure.  The  ground  plan  is  irregular,  and  the  lines 
of  the  building  are  distinctly  those  of  lightn  and  grace. 
It  is  located  at  the  angle  of  Michigan  avenue,  just  north  of 
the  bridge,  thus  showing  for  the  entire  length  of  sti 
the  smith  It-  lnight  and  location  also  make  it  a  most  con- 
spicuous object  for  long  distances  in  other  directions.  The 
account  of  the  lighting  arrangement  follows: 

The  facing  on  the  building,  which  rises  400  ft.  from  the 
bridg-  plaza,  shades  from  the  gray  of  Bedford  stone  at  the 
base  to  a  pale  cream  at  the  top  of  the  tower.  This  airy  effect 
is  easily  distinguished  as  one  of  the  features  of  the  Wrigley 
building  during  the  day.  At  night,  this  idea  is  carried  out 
even  more  forcibly  by  the  lighting  on  the  boulevard  side — the 
lower  three  stories  are  very  much  subdued  with  the  lighting 
gradually  increasing  in  intensity  from  the  third  story  until 
the  tower,  rising  from  the  parapet  of  the  building  proper, 
is  very  bright.  The  tower  being  visible  for  a  greater  distance 
than  any  other  part  of  the  building,  stands  out  against  the 
night,  visible  for  twenty  miles. 

To  produce  this  very  striking  effect,  the  light  is  projected 
by  powerful  X-raj  reflectors  using  500-watt  lamps  mounted 
on  the  roof  of  the  Kirk  building  on  Michigan  avenue  to  the 
boulevard  elevation  of  the  Wrigley  building.  The  reflectors 
are  mounted  in  two  large  batteries,  one  of  which  is  shown 
here.  The  lisht  is  evenly  distributed  over  the  front  of  the 
building,  increasing  in  intensity  with  the  height  until  the 
tower  stands  out  "one  blaze  of  glory."  On  the  roof  of  the 
Wrigley  building  proper  batteries  of  these  same  reflectors 
are  installed  to  light  three  sides  of  the  tower.  The  turrets 
and  other  ornamentations  on  the  top  of  the  tower  are  brought 
out  in  relief  by  smaller  X-ray  reflectors  which  use  250-watt 
lamps. 

The  installation  of  the  exterior  lighting  equipment  today 
consists  of  123  reflector  units,  each  using  500-watt  lamps  and 
37  reflector  units  with  250-watt  lamps.  Total  current  con- 
sumption is  70.7511  watts.  This  installation  is  said  by  lighting 
men  to  be  one  of  the  finest  of  its  kind  ever  attempted. 

Mr.  William  Wrigley,  Jr.,  in  considering  the  flood-lighting 
of  this  unique  building  at  night,  wanted  it  to  surpass  any- 
thing that  he  had  ever  seen  and  to  say  the  least,  that  was 
a  problem  to  solve. 

It  is  planned  to  light  the  river  elevation  of  the  building  by 
placing  the  same  type  of  powerful  reflectors  on  buildings  on 
the  south  bank  of  the  river.  When  this  is  completed  it  will 
bring  the  total  number  of  500-watt  units  in  use  to  19S.  About 
80-h.p.  is  used  to  generate  the  current  to  produce  this  striking 
effect  at  night. 

One  of  the  important  items  in  lighting  this  building  was 
the  fact  that,  being  of  a  light  cream  terra  cotta  and  being 


Battery  of  "X-Ray"  Projectors  for  Lighting  the  Wrigley  Building, 
subject  to  considerable  of  the  smoky  atmosphere,  it  would 
be  necessary  to  wash  the  building  several  times  each  year. 
This  will  be  done  just  as  often  as  is  necessary  to  make  the 
building  loom  out  in  all  its  grandeur  at  night,  like  the  snow- 
white  sentinel  as  it  appears  today.  The  total  cost  of  installing 
this  flood  lighting  equipment  will  approximate  $30,000.  The 
j  cost  of  operating  it  each  night  from  dusk  until  midnight, 
including  the  cost  of  maintenance,  lamp  renewal  and  wash- 
ing the  building  as  often  as  may  be  necessary,  will  be 
about  $80. 


New  3-Cubic  Foot  Concrete  Mixer 

The  accompanying  illustration  shows  the  latest  addition 
to  the  mixer  line  of  the  Archer  Iron  Works,  Chicago.  This 
new  mixer  has  a  ::  cu.  ft.  wei  concrete  capacity  per  batch. 
It  is  built  along  the  same  general  design  of  the  Archer  No. 
1  Special  and  Archer  1-bag  mixers.  Although  conservatively 
rated  at  3  cu.  ft.  of  wit  concrete  per  batch,  the  drum  has. 
sufficient  capacity  to  take  care  of  a  half-bag  mix  on  almost 
any  proportion  of  materials.  Like  the  Xo.  1  Special  and 
1-bag   mixer   the   new   mixer   is   equfpped    with    a    Fairbanks- 


Archer  Junior  Concrete  Mixer. 

Morse   engine   with   Bosch   magneto,   and   is  also   fitted   wit& 
clutch  and  chilled  drum  rollers.    A  1%-HP.  engine  is  used  on 

this  machine. 


The  San  Francisco  Bureau  of  Governmental 
Research  and  How  It  Operates* 

Members  of  the  staff  of  the  Bureau  often  encounter,  on  the 
part  of  persons  uninformed  as  to  our  work,  the  opinion  that 
the  Bureau  is  a  super-scientific  sort  of  organization,  operating 
along  purely  theoretical  lines — in  other  words,  the  attitude 
that  the  Bureau's  methods  are  "laboratory"  methods,  and  may 
not  be  applied  to  "practical"  affairs. 

Such  an  impression  is  completely  divergent  with  the  actual 
facts.  The  Bureau  is  a  staff  agency  for  citizens'  inspection, 
study  and  analysis  of  public  business.  If  acts  for  all  citizens, 
by  co-operation  with  city  officials,  in  the  promotion  of  econ- 
omy and  efficiency  in  municipal  affairs. 

The  Bureau's  methods  of  operation  are  along  scientific 
lines,  being  based  upon  facts  and  actual  data,  rather  than 
unsupported  opinion,  but  instead  of  being  in  the  realms  of 
pure  theory,  the  methods  used  are  practical  to  an  extreme. 
The  basis  for  every  Bureau  recommendation  is  first-hand 
knowledge,  based  on  direct  investigation  and  analysis,  of 
the  facts  in  any  particular  case  being  considered.  The  wide 
field  of  the  Bureau's  activities  in  such  practical  field  studies 
can  probably  best  be  understood  by  outlining  some  of  the 
more  important  of  these  activities,  which,  although  by  no 
means  a  complete  history  of  the  Bureau's  work,  are  as 
follows: 

Initiating  and  co-operating  in  the  installation  of  an  ac- 
counting system  for  the  city  and  county,  which,  although  not 
as  yet  completed,  now  ranks  very  high  among  municipal 
accounting  systems  in  the  country. 

A  co-operative  study  of  the  fire  department  organization, 
equipment  and  locations,  incidental  to  the  adoption  of  the 
two-platoon  system,  resulting  in  the  installation  of  the  two- 
platoon  system  at  an  additional  cost  of  $48,000  instead  of 
$250,000  to  $500,000  as  originally  estimated. 

Detailed  study  of  hauling  requirements  of  certain  of  the 
Public  Works'  bureaus  with  definite  proposals  as  to  organiza- 
tion and  methods. 

Detailed  studies  of  street  cleaning  organization,  equipment 


•From   "The  City,"   the  monthly  publication  of  the  Bureau. 
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and  mi  -  om  wbh  ii  Impoi  tan)  result 

ted. 
Analysis  of  the  organisation,  procedun    and  working  meth- 
citj  departmenl  and  the  preparation  of  organi- 
rl      showing   Held,   Bcope   and    Bub-organization   ol 
i'ii  department 

peratlon  with  the  Civil  Service  Commission  In  Improi 
id    "i"  examining  applicants   toi   positions  .1-  clerks, 
policemen  and  other  such  large  groups 
Stud)  "i  the  revenue  Bltuatlon  In  San  Francisco,  resulting 
onBiderable  revision  ol  I  which 

qualise  the   tai    burden    an  1   added   conslderablj 
t..  thi  aue. 


New  Bench  16-In.  Band  Saw 
A  11.  «  band  saw  designed  t"  opi  1  ite  on  the  electric  light- 
ing liii nit  lias  been  placed  on  the  market  by  .1    i1    Wallace 
l  ini   \v.  .!.;  1.    This  ne'H    ma 

1.  el  wheels,  and  also  is  equipped  throughout 
with  ball  bearings    even  the  uppei  and  lower  guidi 
ill  bearing  type,  the  Ba«  in  thi 

illei      Anothei  the  totally  enclosed  electric 

which  is  linilt  Into  Hie  machine  and  directly    connected 

to  the  lower  wheel  b)  a  tabroil  gear  and  steel  pinion,  Both 
urn  in  oil  to  Insure  perfect  lubrication  and  a  quiet 
.  machine  The  table  1:  a  Battened  and  ground  steel 
plate  \'>  by  21  in.  it  is  mounted  mi  a  large  rocker  bearing, 
which  is  adjusted  in  any  angle  from  15  degrees  to  minus  ■"• 
degrees      An    Indicator   is    provided    to    show    the   ang] 

the  table  is  tilted.     The  table  i-  mounted   in  a   very 

anei     ind    can    he    taken    nit    easily    and    quickly. 

Imilt  into  lie-  machine  and  are  a  standard 

il         \11    adjustments    are    controlled    by    hand    wheels 

or    thumb    screws,    without    the    use    of    special    tools    or 

es.     The  heigh)  of  this  new  bench  L6-in.  band  saw  is 

■  1',   il..-  table  is  42  in.  from  the  floor;  floor 

lired    1     onl;     ! 5   bj    29   in.     The   motor,  a   V4   h.p. 

General  Electric,  is   ball   bearing     ind   run     al    1,750   revolu- 


...r   minute;    the  S.1B0   feel    per    minute 

...  .1   ire  especiallj  made  toi  thie  machine     Tbej 

.  1  properl)  tr<  ated  and  especially  cut  so  as 

1.. -1    number   ol    p  bours   on    this 

'i  bi    machine   w  111   handle   an  om   the 

-   in    thick 


New  Combination    Portable   Electric  Drill  and 

Grinder 
\  ,,  ,     |oi      ort     '  id  and  grind. 

I    -i  one  motor  1  ■'  toi  drilling 

He-  proper  si d  for  grinding,  brought 

-..  ...  23    South 

.  bit  ago     Thi  di  tiling; 

metal  0    wood,  and  •    wheel 

...  in  cover  11  - 

.   :,  drilling  capai  I  d  In.  in 

ben 

eparati  proi  Ided,  thi 


peed  tor  .i>  tiling  and  the  high  peed  tor  grinding.  The  com- 
plete  weighl  of  tin-  tool  I  bul  i^  lb.,  while  the  motor  de- 
velops 'l-  Ii.|i.  under  load  In  addition,  this  lool  is  fitted 
with  tin-  switch  located  n.  the  top  handle,  01  Hi,-  quick  make 
and  1. i.-.ik  automatii  top  type,  which  Insures  the  operator 
of  having   the  tool   undi  at   all   times.     Aluminum 

ca  ting  and  ball  bearinf  ire  used  throughout.  The  tool 
1  v.-iy  Blmple  in  consti  ictlon,  ..1  bo  rugged  to  withstand 
the  hard  Bervlce  a  tool  ad   I     trequentlj   subjected 

to  rii.  motor  is  oi  the  1  niversal  type,  consequently  can 
in-  operated   on   both   dlrecl    and   alternating   current   of  the 


Combination     Portable     Electric 


voltage.    Thi  Bimple  operation 

as  is  the  operation  ..1   changing   tin-  grinding  wheel  attach 

n a  place  of  drill  b  -  -    1  ersa. 


Bridge  Work  in   Iowa.     Engineers  of  the   Iowa   Stati 
way    Commission    1  plan      during    11121    for    2.925 

bridges  and  culverts,  e  timated  to  cost  $4,699,940.    The  record 
toi    othei  llowi        1919,  536  structures,  costing 

$1,641,300;    1921  15,606. 


Personals 


H.    M.   Leighton.   pi  .    ,    ur.-r  of  the  H.   N.  Leishton 

Co.,  ha  of  thi    N..i-1'n  oclatlon 

..1  1  teni  ral  Contra. 

C.  L.  Dewey  has   I 

,     1  I 
1.  :\  elopm.  emei  ract  work 

J.    C.   Anderson,   B.    M.    Empie   and    E.    E.    Empie   have   on 

Hi.-  An.].,   on  S    1  mpli    -  n  Co     ol   Marshalltown,   1 

ivlll  ■  ii-:;..:.    In  a  general 

Herbert   Brooks,  Jr.,   -,\  iKTied  his  position  as  gen- 

eral    manager    ..1    th      O  Structural     Steel     Ci        la     now 

.1.  ...  Ifl.  .1    .-.  I  -  -     ,y    steel    Co     .a    B(  lie 

fontalni .  '  ►. 

William   R.   Mead   ol     U  .'   ad    iS    White,   architects,    New 

S  orh  1  !itj  ,  h 

the  Crown  ..1   1 1 . 1 1  >    bj    K  or  Rmmanuol  in  n-cgnition  of  Mr. 

pioneer  \\..ri. 
architectural     I 


Obituaries 

Guy    Leslie    Wait.     .  i     for    the    Ana 

.  oppi  1  Hospital,   Anaconda. 

Wont. 

Harry  Abbott  Laws,  -  Ivil  engineer  In   I 
Philadelphia   fo  b.  9  of  heart  disease.    He  was  5ft 

ild 
Richard  Henry  Rice,  m  11  I  vim  works  of  the  G 

1:1,  cti lied  m,  1-ake  George,  N.  ■> 

;  [,    obtained  his 
of  thai    town   and    « 
he  Stevens  Ii  ■ .  .      ii- 

...i  ii.. -n  wen  I 
.... 
went  to  Pr  i  hi     !■■  o\  Idi  n< 

1 1,-  established   I  h 
city,     In   1908  he  went  to  L,yi  I  with  thi 

.I  in  1918  wau 

W     G     Bayley,   r.T 

,  . .  i .    . 

ii,-    was    i 

Hi  :: 

1 

civil  i  nglni  er    n il    n 
helm     ..i    Ind  th    thi 

.     i: 

of  the         hlgan 

891      March  1,   WM    In    i ■  up<  rintendi  nl 

,     ..ii.l    Sept     i       ■   i  marti 


ndi  hi    .-I    Hi.-   '■ 

Inl . -i..i. 

,    h<  Id   up  to  the  lit 


Industrial  Notes 


The    Hercules    Powder    Co 

The    new 


high 


...  Alexander  I 
.  r   lb.     II,  i.  ... •     Mnnl  Portlai 

Powi  i    Bids      Hell  i.. i     Mont 
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The  Campaign  Against  Road  Building 

News  thai  serious  efforts  are  being  made  in  various  parts 
of  the  country  to  curtail  road  building  programs  now  under 
way  and  projected  will  come  as  a  surprise  to  many  of  our 
readers.  It  has  been  commonly  supposed  that  the  farmer's 
conversion  to  the  good  roads  cause  was  complete  and  per- 
manent, but  such  is  not  the  case — at  bast  as  respects  a 
considerable  number  of  individuals  and  some  powerful  or- 
ganizations. 

These  circumstances  need  cause  no  alarm  if  they  are  rec- 
ognized and  acted  upon  speedily.  If  complacence  with  the 
present  pleasing  situation  in  the  road  field  leads  to  wide- 
spread indifference  and  failure  to  combat  opposition  move- 
ments, great  damage  may  be  done.  It  is  true  that,  to  a  large 
extent,  this  year's  programs  are  so  far  advanced  that  they 
will  go  through  in  spite  of  opposition;  but  the  same  is  not 
true  of  next  year's,  and  those  who  have  the  interests  of 
good  roads  at  heart  must  exert  themselves  if  the  demands 
for  curtailment  are  not  to  result  in  future  injury  to  their 
cause. 

We  criticize  the  judgment,  not  the  motives,  of  those  who 
would  reduce  our  road  activities.  The  prime  motive— the 
desire  of  the  individual  for  lower  taxes  and  assessments- 
is  obviously  selfish,  but  is  no  more  immoral  than  is  any  other 
effort  at  self-betterment.  The  belief  thai  such  reductions 
will  result  in  real  economic  savings  is  a  serious  error,  and 
this  is  the  fact  that  must  be  brought  out  clearly  and  in  the 
best  of  spirit  by  those  seeking  the  construction  of  more  roads. 
Data  and  arguments  for  this  purpose  have  long  been  in  the 
hands  of  most  good  roads  organizations;  the  present  necessity 
is  that  they  be  brought  out  and  used— together,  of  course, 
with  whatever  new  material  may  be  available.  Here  we 
can  only  touch  on  some  of  them. 

An  example  of  the  character  of  opposition  to  be  met  is 
presented  in  a  recent  iss\ie  of  "Michigan  Roads  and  Forests," 

(57 


and  is  followed  by  some  forceful  pleas  that  the  road  program 
in  that  State  be  not  interfered  with.     We  quote: 

"A  uniform  form  of  petition  was  sent  to  the  State  Admin- 
istrative Board,  urging  that  the  State  definitely  limit  its  road 
building  program  and  issue  no  more  bonds  under  the  $50,- 
000,000  constitutional  amendment  during  the  current  year. 
These  petitions  have  been  sent  to  the  various  Granges  in  the 
State  and  several  of  them  have  been  received  by  the  Admin- 
istrative Board. 

"One  of  the  emphatic  protests  against  the  move  was 
voiced  by  Phil  T.  Colgrove,  President  of  the  Michigan  State 
Good  Roads  Association.  Mr.  Colgrove  had  been  advised  of 
the  concerted  action  that  was  being  taken,  and  upon  the  eve 
hi  his  departure  for  California,  Jan.  30,  he  sent  the  following 
telegram  to  Frank  F.  Rogers,  State  Highway  Commissioner: 

"  Just  learned  propaganda  of  Grange  to  stop  building  trunk 
line  roads.  With  Federal  Aid  appropriated,  surveys  made  and 
work  progressing,  this  move  is  fatal  to  the  best  interests  of 
Michigan.  Farmers  who  read  their  tax  receipts  will  discover 
that  the  road  taxes  are  the  smallest  of  all  taxes.  Michigan's 
splendid  work  should  not  be  interrupted  by  proposed  method.' 
••The  State  Orange  and  State  Farm  Bureau,  at  their  sessions 
in  Lansing  last  week,  favored  curtailment  of  the  road  building 
plana  of  the  state,  but  there  was  strong-  .sentiment  in  favor  of 
carrying  out  the  program  to  complete  Federal  Aided  roads. 

"Both  the  above  organizations  favored  repeal  of  the  Covert 
Act.  The  Farm  Bureau  in  Its  general  resolutions  in  which  con- 
tinuation of  road  building  was  opposed,  recommended  that  the 
Covert  Act  be  so  amended  that  all  moneys  received  for  state 
reward  for  road  building  be  applied  to  payment  of  highway  bonds 
Issued  by  the  various  counties  and  that  all  remaining  moneys  after 
payment  of  such  bonds  be  turned  over  to  the  general  highway- 
funds  of  the  counties  under  control  of  the  boards  of  supervisors. 
"Both  organizations  passed  resolutions  favoring  a  tax  on  gaso- 
line,  upon  the  argument  that  as  motorists  are  getting  value  out  of 
the  improved  roads  they  should  bear  a  larger  share  of  the  expense 
of  road  construction  and  maintenance  than  they  are  now  bearing." 
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tablished   principles  ol   the  Granges   in   thai 

to  th(    Hi'  ai  •  ln{    il  debt  either  private  or  pub- 

lic.      Abhorrence   of    Indebtedness    is    natural    to   thoughtful 

people,  but  iik.-  .  the  surgeon's  knife,  it   is  not 

always  a  wise  guide  to  action,    it  should  Bcarcelj   need  to  bi 

mentioned    thai    no    considerable    n  oads    can    be 

built    from    funds    immediately    collectible,    and    thai    almost 

other  Important  undertaking,  either  public  or  private,  is 

similar  in  this  respect. 

Construction,  a  bit  at  a  time,  as  monej    can   be  ral 

.  1 1\   all  cases,  vastly  wasteful  through  the 

-  m  which  the  property  must   stand  foi 
is  \,.r\   restricted  use,  than  through  tii"  excessive  con 

■  on  cost  curtailed  by  piece al  work.    The  alternatives, 

as  public  improvements  are  lied 

mej    in  a   fund  over  a   long    period   anil   at    a    low    rate   of 

it,    before   beginning   construction,   or   to    i-.su.- 

former  alternative  d.-ivrs   ail   u  improvement 

long  time;  the  latter  supplies  immediate  use  ami  con 

irenlem         I        former   redut  •  o(  i  ach 

i    bare   Interest    rate    from    the   time   it    is 

collected  until  the  improvement   is  made;    the   latter  brines 

atire  Investment    into  fu'l  earning   power   immediately. 

Failur.-   to  appreciate   the   principles   ol    earnings   an 

and   the  significance  of  the   differences   outlined    Has 

and  still  is,  an   li  >t>i ion   to 

road  construction  programs.    It  must  still  be  exp 
to  many   that   mom-;,    paid   as  Interest    is   not    lost.;    thai    roads 
are  as  much  tools  for  earning  money  as  are  hams  and  plows; 
and  that  while  the  roads  add  to  the  comfort  and  convenience 
of  the  farmer  and  the  pleasure  ami  the  welfare  of  the  city 

dweller,  they  also  in  mosl  cases  (excepl  those  of  a  few  dis- 
tinctly pleasure  roads)  earn  a  good  return  upon  their  cost 
through  the  savings  thej    effect    and  the  increased  bu 

permit   the  farmer  to  make.     Lack  ol    good  roads  will 
limit  the  tanner's  earninj  will  lack  of 

pood  soil  and   lack   of   tools   for  cultivating  it. 

Among    other    coi  which    should    be    presented 

with  unmistakabli  opponents,  and  repeated 

for  emphasis,  is  th.  thought  that  'oads  built  from  bond  sales 
do  not  involve  a  heavj  cost  to  anj  one  during  his  present 
hard  times:   that  they  an  hi  to  be  paid  for  In  the 

futur.  used;    and   thai   future  prosperity  will  be 

ij     them.      In    this    connection    the    small    part   of 
i  il  tax  formed  by  road  taxes  is  a   point  to  be  empha- 
largi    contributions  of   Federal   funds   which   are 
dependent    upon    the   investment    of    rea  onable   amounts  of 
funds,   is  another  important   argument      The  roads  are 
.  nni.-nt  is  read]   to  bear  a  sub- 
but  ii  w  ii;  nol  ii.  ar  i  be  «  bole  i  o  ; 

Another  most   Un  i   is  to  oven  impres- 

Bion   prevalent   in  many  mind  is  are 

[gh,  and  are  likelj  to  be  greatlj  reduced.  The  con- 
trary is  the  case  m.  A  large 
'  ry  road  is  in  common  labor,  and 
common  labor  is  now  low — in  many  places  too  low.  This  is 
evidenced  by  many  facts,  but  what  makee  the  conclusion  un- 
the  exci  noi  over  the  prewar  quanl  Its 
Withdrawals  ol  pa  |  monej 
in   circulation   In   this   country    ti 

of  gold 
i  p.-r  i  apita  above  ■■■  bat  It  w  as,  and  it  is  th 
which  will  ultimately  determint  rol.    Labor  which 

than    150  per  cent   ol    whal    ii    got    in    ' 

I  .-all'.  n.    and    COD 

-.  a  h-vel.     Pertinent  data  and  a  char  demons!  ra 

nade  bj   n  toi  ial  In 

vat-    :;.  1921.     Thl     editorial    i  I   and 

Future  Wagi  reprinted  in  pamphlel  form, 
and  will  be  furnished  gladly  ta  all  who  ma 

below    the    general    level   ol    i 

1 1 •  i  plates  ar.-  either  at  or  below   tbi 

the   mill.      Many   kinds   of   road    make  are 

Wc  have  repeatedlj    tried   In  these  columns 
t.,  mal  ■  ia1   not  onlj 

from    the    pi .  ..-    expei  ted,    but 

tion    i  bat    i  bi 

in  this  op  i  i  i'    com  hi 

i  I   authorities,    th  i    an 
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The  futility  of  hoping  for  cheaper  road  construction  Is,  we 
think,  as  dear  as  any  predict! >l   future  economii    condl 

tions   can    lie. 


Highway   Widths 

it    is  but   a    verj  <<■  ■■  the   ret  ognized 

ird  bighwaj  requirement  was  eight  feel  of  width  per 
stream  of  traffic.  Tins  aaturall]  re  tilted  in  the  sixteen-fool 
standard    width   ..:  ,,   [0ng  and   so   generally   em- 

ployed throughout  the  country,  excepl  where  traffic  was  of 
extreme  density.  The  1922  Good  Roads  Conference  devel 
oped  a  consensus  of  opinion  thai   22  tl      houid  be  the  mini 

mum    width    of    roads    now     being    built,    and    that    in    mi 

trunk  highways  should  be  thirl 

Phi  md   ludgmenl      Highwaj   build- 

ing pn 

have  suffered   more   from   lack   of   vision   and    iron:    inadequacy 

than  from   too  ambitioui    plai  nlng  il        -  possible 

thai  we  are  even  y<  I  iture  requiri 

True,   there  are  manj    assertione   and   ci 

l"      thai  this  cou  i  m  reached  the  saturation  point 

of  moto 

saturation  point  of  industrial  vehicles,  nor  have 
we  probablj  attained  to  ol  our  bighwa 

Increased    speed    alone    requires    changes    in    our   designs, 

and  we  believe  that  the  twenty t  minimum  will  not  be  low 

ered  for  ordinary  standard  u  ai  ■       We  ar.-  inclined  to  thlnl 

ter   width    will    involve  special 

Study    and    determination        The    single    thirty-foot    or    wide] 

pavemenl  will  continui  to  I  ive  its  uses,  hut  there  will 
probably  l lany  instances  ol  special  designs,  and  of  sep- 
arate pa\  ements  carrj  h  i   i    traffic. 

In mini  with  main    others,  th.-  editor  used  to  think  that 

sixty-six  loot   and    one   hundred  f( 'ights    of    way    for    public 

highways    involved    unreasonab  in    certain 

instances  such  probablj  gant,  even  now    but   for 

main  highways  the  greater  widths  are  clearlj   necessary.    Nol 

only   should    I  here      i  idth  to    pel  mi;    .a    the    w  idea 

ing  of  pavements  ami  segi  traffic  as  maj   hereafter 

be  nece  ol  increasing  volume,  but  there  should 

or  purposes  of  control  and  boautitica- 
1  ion.      The    one    hundred-foot     righl    Of    way    is    today    proving 

a  blessing  in  man;  in  tanci  i    once  derided. 


Alive  to  Present  Issues 

The  necessity  of  actively  combating  propaganda  such  as 
that  mentioned  in  a  preceding  editorial  against  an  exten- 
sive road  improvemenl  progi  'n  is  appreciated  by  the  Now 
Haven  chapter  of  the  American  Association  of  Engineers 
''i    a    bulletin    announcini  I       Meeting"    of    the 

chapter  on   Feb.  21.  with   the   D  citj    as  the  invited 

speaker,  there  is  tin-  following   piquan!   analysis: 

IMPORTANT   TO    ALL. 

"Stop  All  Public  Improvement,  Don't  Give  Work  to  Idle 
Citizens,   Let  Them  Suffer,  Taxes  Must  Be   Reduced." 

"This  in  effect     eeni    i"  bi    tht    slogan  of  .'■nam  adminis- 
associations  throughout   the  Stati    and    jome  ol 

our    members    are    of    the    opinion    that     nol     onlj      i-     such    a 

injurious,   bm    if  followed    regardless,   it    is   pernicious 

chronic   and  lety   as   a   w  hole. 

"Tin-    government    Btops    improven  I  -      ami 

towns  slop  Improvements    Private  ownei      top  building    Tht 

niier  ami  salaried   man   stop  buying.     The  man 
Hirer,   wholesaler  ami   retailer  lay  a 
tagnates  ami  there  U  no  chance  tor  it  to  re\  ive. 

i     like  a   human    bod]    with   government 

.its.  so  wdi  [he  reel  ol   the  body  function. 

To  have  a  health]  bodj  politic,  th   pn  a. .law  should 

ersed  and  Instead  of  administrations  being  heckled  to 

reduce  'a--.,     thej   Bhould  i»    permitted  to  look  ai  tht    matter 

in  a  larger  light.    The]   should  provide  work  tor  those  thai 

a     in    a    few     mills    increase    in    taxation    be- 

-ii.      ar.-  faced  with  ..  more  important   problem  ■  ■ 

\  ill  nip   bread    for  then    wi\,-     ami    children." 

- 


i 
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Book  Review 


Motor  Truck  Transportation      i        i  ] 

in   New    v..rk    University.      Published    b>    D     Van    N'ostrand   Co.. 
Mew    fork;  (2, 

Revii  w<  d   bj    PROP    C     i.  TILDEN. 
This  is  a  book  of   153    pagi       ■      eving   a    dozen   or    more 
major   topics   in  the  subject    of  motor  truck   transportation 
The  author  frankly  recognizes  the  pre  eni   position  oi   high 
I  ansporl  as  a  rapidly   growing  and  con  tantlj   cha 
■    In  our  general  industrial  scheme.     He  is  a  strong  ad 
the  motor  truck  as  the  mi  torj    Bolufion 

nf   many   of   our   transport    problems,    bu1    on    the    who 
presents    ins    case    fairly,    with    frank   acknowledgment    of 
the  limitations  on  this  torm  of  transport,  and  a  cleai 
ment  of  those  uncertain  factors  about  whi   I  iai     a  great 

deal  to  learn,  before  the  industry  can  be  put  on  a  rational 
basis.  There  are  L5  chapters  which  deal  with  such  topics 
is  the  future  of  the  motor  truck,  operating  cost  factors. 
transportation  laws  and  cost  records,  comparison  ol  motor 
trucks  and  horse  drawn  vehicles  and  their  relation  to  rail 
roads,  truck  bodies  and  devices  for  loading  and  unloading, 
trailers,    tires,    maintenance,    etc. 

The  discussion  of  operating  costs  and  the  economic 
tion  of  the  motor  truck  and  the  railroad  is  necessarily  brief 
and  elementary  in  a  book  of  such  small  compass.  Although 
in  many  cases  the  author  has  no  solution  to  offer,  he  has 
stated  the  problem  in  a  way  to  challenge  careful  thought 
and  stimulate  desire  for  further  information.  Chapter  Ylll 
on  the  "Value  of  Highway  Transport  Surveys"  is  a  reprint 
of  an  address  which  the  author  made  tit  a  convention  in 
January,  1920.  It  is  a  suggestive  and  interesting  document, 
but  one  cannot  help  wishing  that  it  had  been  amplified  some- 
what and  edited  rather  more  carefully  for  the  permanent 
status  of  book  form.  The  summary  of  topics,  howevei  on 
page  76,  which  should  be  taken  into  account  in  making  a 
highway  transport  survey,  is  an  excellent  outline.  It  sup- 
plies a  valuable  skeleton  to  anyone  who  has  the  task  of 
making  a  survey  for  any  particular   community, 

The  two  chapters  on  "Bodies"  and  "Loading  and  I'nload- 
ing  Devices"  are  well  illustrated  with  instructive  and  illu- 
minating photographs.  They  give  an  excellent  idea  of  the 
trend  of  design  and  development  along  these  lines.  Like- 
wise, the  illustrative  exhibit  in  the  chapter  on  Trailers  and 
Semi-Trailers"  is  somewhat  startling  in  the  extent  and  size 
of  traction  units  which  it  shows.  There  is  a  brief  chapter 
devoted  to  "Pneumatic  Tires."  and  also  one  entitled  "The 
Motor  Truck  and  the  Farmer."  In  this  latter  chapter  there 
is  a  statement  which  one  is  inclined  to  challenge — "If  the 
farmer  can  distribute  direct  to  the  consumer,  he  can  obtain 
more  and  the  consumer  will  pay  less."  This  is,  or  ought  to 
be,  a  self  evident  economic  principle,  but  the  fact  seems  to 
be  that  the  farmer  is  unwilling  to  "split"  with  the  con- 
sumer. He  wants  the  full  market  price,  keeping  the  lion's 
share  of  profits  which  would  otherwise  go  to  the  middle 
man. 

At  til-  bottom  of  page  128  there  is  an  equation  which 
really  sums  up  the  whole  transportation  problem.  This 
is:  "economical  distribution  =  economical  collection  +  eco- 
nomical transportation  -f-  economical  marketing,"  and  the 
author  points  out  that  economical  transportation  is  the  con- 
necting link.  There  is  a  discussion  of  the  ways  in  which 
the  farmer  may  be  connected  with  the  market  and  of  the 
value  of  motorizing  farm  industry.  The  efforts  of  the  rural 
post  routes  of  the  Postoffice  Department  are  especially 
noted  and  commended.  The  author  does  not  contend  that 
in  every  instance  the  motor  truck  should  supplant  the  horse 
and  the  railway,  but  that  farmers  generally  should  make  a 
careful  canvass  of  the  local  situation  to  be  sure  that  the 
collection  and  distribution  methods  in  use  are  the  best. 

The  final  chapter  in  the  book  is  entitled  "Good  Roads." 
As  might  be  expected,  this  is  a  strong  plea  for  a  greater 
mileage  and  a  heavier  type  of  construction  for  highways 
throughout  the  country.  The  author  points  out  the  striking 
way  in  which  the  manufacture  and  use  of  heavy  trucks  has 
gone  beyond  the  capacity  of  the  roads  which  they  use.  The 
well  known  fact  in  railway  development  is  mentioned  --that 
whereas  the  early  T-rails  weighed  but  36  lb.  to  the  yard. 
there  are  now  in  use  rails  which  weigh  as  high  as  125  lb. 
to  the  yard.  It  is  rightly  pointed  out  that  the  great  increases 
in  weights  of  railway  rolling  stock  could  not  have  been 
made    without    corresponding    increases    in    track    strength. 


The    analogy    with    highways    is    evident    and    a    strong    plea 

is  made  for  building  stronger  and  more  expensive  highways 
ind    providing   for   proper   maintenance.     The  author  points 

out  ib :onomic  advantage    ol  such  highways  in  permitting 

the  use-  of  greater  capai  I  reatei    mileage   with 

less    wear    and    tear    and     less    fuel     consumption.        Ml     thesi 

arguments  are  sound. 

But    one    wishes    that    the    author    bad    taken    a    fuller    cog 

nizance   of   some    of   the    mon    fundamental    economic 
siderations.     To   go    back    to    the    railway    analogy,   onlj    a 

relativel>  small  mileage  of  track  is  built  with  125  lb.  rails. 
I  i     re    ire  still  many  miles  of  railway  track  using  the  h; 

weight    rails   and    these    tracks    are    d i luty    in    the 

great  scheme  of  transportation.  We  need  many  miles  of 
highways  of  the  best  and  strongest  sort,  but  we  need  far 
more  mile's  of  lighter  and  less  expensive  construction.  The 
type    of    road    which    should    be    built    for   a   given    communit> 

depends  on  the  needs  of  that   community    or  oi   the  variou 

communities  which  the  road  connects.  If  a  road  costing 
$5,000  a  mile  can  serve  the  needs  oi  a  locality,  it  would  bi 
criminal  waste  to  build  a  road  costing  $50,000  a  mile.  Then 
is  the  other  side,  of  course.  If  a  community  needs  a  high 
way  system  costing  $50,000  per  mile,  it  is  economically  un- 
sound for  it  to  spend  but  $5,000  per  mile  on  its  roads.  Th. 
author  refers  to  the  proposed  "Ideal  Section"  of  the  Lincoln 
Highway  Association.  This  is  an  interesting  experiment,  but 
it  should  be  kept  in  mind  that  a  highway  section  which  is 
ideal  for  one  part  of  the  country  may  be  absolutely  wrong 
from    every    point    of    view     in    another    community. 

In  general,  the  book  under  review  may  be  commended 
as  highly  suggestive  and  interesting  to  anyone  concerned 
with  the  vital  problems  of  Highway  Transport  With  the 
experience  which  the  author  has  had  in  dealing  with  these 
problems,  probably  no  one  knows  better  than  he  its  limita- 
tions and  short  comings.  A  future  edition  might  well  list 
a  bibliography,  and  a  well-made  index  would  add  greatly 
to  the  value  of  the  book.  For  classroom  work,  it  must,  of 
course,  be  supplemented  by  outside  material  and  written 
exercises.  For  both  undergraduate  and  graduate  courses, 
however,  it  may  be  used  to  advantage  as  a  basis.  The  author 
has  ventured  on  a  field  in  which  there  is  very  little  in  the 
way  of  settled  and  permanent  literature,  and  is  to  be  con- 
gratulated on  having  made  a  distinct  contribution  to  this 
Held 


Highway    Investigations     Now    Under    Way    Or 
Pending 

In  connection  with  its  progress  report  presented  Jan.  16  at 
a  meeting  of  the  Advisory  Board  on  Highway  Research,  the 
Committee  on  Highway  Research  Program,  of  which  Prof. 
T.  R.  Agg  is  chairman,  gave  the  following  list  of  highway 
investigations  of  note  which  are  now  under  way  in  the  United 
States: 

1.  Economical  highway  grades  at  the  Iowa  Engineering 
Experiment  Station;  90  per  cent  completed. 

2.  Tractive  resistance  of  certain  types  of  vehicles  and 
certain  types  of  surfaces,  at  Iowa  Engineering  Experiment 
Station:    under  way. 

3.  Tractive  resistance  of  certain  types  of  vehicles  on 
concrete  road  surfaces,  including  a  study  of  methods  of  ob- 
servation and  of  Internal  power  losses  in  vehicles  and  tires, 
tit  Massachusetts  Institute  of  Technology  in  co-operation  with 
the  Bureau  of  Public  Roads,  and  at  Yale  University. 

4.  Tractive  resistance  and  economical  grades  at  Universitj 
of  Michigan. 

5.  Effect  of  relative  air  speed,  at  Kansas  Agricultural 
College. 

6.  Establishing  of  the  relation  between  traffic  and  mam 
tenance  costs;  recently  inaugurated  by  the  Bureau  of  Public- 
Roads. 

New  researches  for  which  arrangements  are  complete  or 
are  pending  include  the  following: 

1.  Relation  between  the  roughness  and  the  rigidity  of  a 
road  surface  and  rolling  resistance,  at  Iowa  Engineering  Ex- 
periment Station  in  co-operation  with  Bureau  of  Public  Roads 

2.  Elements  of  cost  of  highway  transport,   by   Societ; 
Automotive  Engineers   (pending). 

3.  Operating  costs  of  motor  transport.  Project  pending 
for  studies  in  connection  with  motor  transport  activities  in 
and  near  Los  Angeles. 


(59) 


Engineering   and   Contracting   foi    March    i.    192k 


New  Methods  of  Gravel  Road  Construction      "'"  development  stagB,  or  rea d  the  point   when 

in    I  concerned    bo   much    about    a    smooth    boulevard   as    we  are 

in    lowa  about  a  hard-surfaced  road  that  will                              passage 

To   ""                              ■"■'''  ''•   '•'""  of  farm  products  from  the  farm  to  the  markets      Expressed 

quotations  in  ,i                      ...  „..  are  , , 

from                        Mr   J    P.  Reynolds  of  Storm  Lake,  la.,  pub-  ways. 

your  Issued  Pel                                ting  <„,,.   familiar   situation    to                     ..   of  tbe   country    is 

in   the  middle  (southern  Btati  that  the  subgrade  cons!  I               aaterlal  that 

idical  depart!                   the  methods  soft  after  a  rain,  so  soft,  in  fact,  thai    everal  im 

"ls   '»   ">'-   section,     it    would   be  will.                   ordinary  traffic                    Is  permitted  on  such 

ailed   information  concerning  •,   road,  it   results  in  a  mixture  •                                   then   a 

'■I  roads  great  deal  more  gravel  is  n                                   surface  that 

ribed   in   lowa      i'               imed   that    the  will  not  break  through 
conditions  regarding  moisture  must  lie  different  from  tie   i 

The  writer  has  made  a  study  of  the  g  problems 

h   ■'    method                                  ould  not  here  in  this  section,  and  as  the  pi 

mless  it  wen  ..  so  radically  different,  he  •■■  ■ 

the  traffic.     This  would  not   be  possible  because  the  Mr    Reyno 

ibed  by   Mr.   R     -                          that   the  traffic  uditions  under  which  thi 

[n  compacting                      during  the  construction  Memphis,  Tenn. 



c>ur                       has   led  to   the  conclusion   that   a   certain  M    *•          i  c                 d       j 

U1  order  ti                   light-  [National  rorests  Koads 

urface     All  sand,  however  small,  i                    rtain  To  the   Editor:     Von  will                       d  to  know    that  the 

proportion  of  voids  and  some  very  Qne  binding  material,  clay  definite   apportionment    of 

tor  instance,  is  necessary  to  fill  tl                            el  a  surface  the                                 est   roads  under  the  Pederal   Highway 

that  will  be  compacted,  then                   Free  from  the  tendency  Act  of  Nov.  9,  1921.    Thi                   forests   contain  a  total  of 

to  interna;   I                          ith  consequent  destruction.  than    156,000                         I    land   in   the  ownership  of  the 

Anoth                      ■  source  of  trouble  in  this  sectioa  ie  the  United  States  and  embrace  much  of  the  most  rugged 

moisture,  nr  iain  water  that  passes  down  through  the  sand  timbered  and  ipast  developed   regions  of  the  country.     The 

tilled  gr                       and   into  the  road   bed.  softeming  it   up  need  of  a  complete  system  ol    roads  and  trails  tor 

and  bringing  about  a  breaking  up  of  this  surface  on  account  tection,   management   and  di 

of  heavy  traffic.     Th.    clay  hinder  in  a  gravel  road,  if  of  the  is  obvious. 

proper   kind,   will   largely    prevent    this    moisture    from    going  The   work   of   providing  an   adequate                              ids   and 

through.  trails   in   the   national   fori                    been   progressing    steadily 

The  author  of  the  paper  under  discussion  advises  that  the  since  1905,  when   the  Forest    Service   became   charged    with 

j   clay  for  binding  the  gravel   is   worked  up  from  the  the    administration   of    these    n  gions.      Early    appropriations 

subgrade.      It    would   appear   as   though    the    method    pursued  i            U,  however,  and  it   was   not  until  recent   years  thai 

is  upon  the  basis  that   this  binding  material   works  up  grad-  impressive  progress  has  been   made   upon  the  work.     Appro- 

ually  as  the  building  up  process  proceeds,  and  that  it  is  not  priations    previous   to   that    in                     ral   Highway     \n    ,,i 

thrown  in  from  the  sides  of  the  road  way.     The   writer  is  of       Nov.  9,   1921,  consisted  of  $19, 1,000  under  the  acts  of  1916 

the  opinion  that   this   plan   could   not   be   followed   after  the  and  1919,  and  also  a  provision   in   an   act  of  1913   which  per- 

first  coating   of  gravel   was   placed   and   became   packed,   be-  milted   the  Forest  Service  to   use  for   improvements    10    per 

cause  in   line   with  other  portions  of  the  paper  where   it   is  cent   of  the  receipts  each  year  from  the  sale  of  timber  and 

explained   that   the   surfacing   gravel    is   moved    in    from    the  other  forest  products.     This  latter  fund  has  amounted  so  far 

sides  of  the  road  from  time  to  time  as  certain   portions  be-  to  slightly  more  than  $3,000,000.     Under  the  past    appropria- 

come    [lacked,   there  would   be  no   chance   formore    clay    to  lions  there  has  been  expended  about  $20,000,000,  but  a  great 

work  up  through  the  bottom  layer,   unless   the'  whole   of  the  deal  of  work  still  remains  t..  be  dune. 

gravel  remained  more  or  less  loose,  and  in  an  unpacked  con-  According  to   the  best   estimates    prepared    by    the   Forest 

dition  until  the  whole  road  was  constructed.     This  the  writer  Service   there  are  about   5,400   miles  of   mad   still  required  to 

takes    it.    is   not    thi                       ruder    the    method    suggested  complete  the  state  highway  systems   traversing  the  national 

by  the  author.  forests   or   contiguous   to                   Lbout   8,500   miles  of  roads 

Another  startling  suggestion  is  that  insistence  is  had  upon  are   needed   to   complete    the   count]    highway    system   within 
placing  this  gravel  surface  upon  a  level  subgrade.     Our  ex-  the   forests.     Additional   roads   required,    principally   for  tin- 
has  proven   that    if   this  subgrade   is   crowned.  protection   and   utilization    of   the    resources    "i    the    national 
ttlng  down  to  the  top.  will  be  shed  to  the  sides  forests   aggregate  more                                                   [rpm   the 
of  the  roadway  more  readily.     This  same   point   applies  with  roads,   the  pack   trails  needed    in   th,-  national   forests,   prlncl- 
the   top   surface   of   the  gravel.      Because    it    it    is  I'ally  in  connection  with  tire  protection  work,  will  one 

crowned,  tbe  slight  depressions  thai  nei  or      40,1 miles  of  furthei 

later  on   account   of   wear  do  not   hold   the   water  as  they  do  viding  all   I                                                                                     an  out- 

Qat.  lay  et  approximate                   ".000.             P.    E    CONNOR, 

With                                                   |  lacing  the  gravel  loose  i  ice. 

bankment  and  then  depositing  Washington.   D.   ('. 

enough    in   t)                                                                          •     about   an  ~ 

rial   it    the   first                                        that  Cost  of  Horse  Maintenance  in  Manila 

to  be  kept  off  of  this  road  immedl  o  the  Editor:    Havtn                                                 of  Horse 

ngth  ol   tlmi                                   ed  for  Maintenance   by  city   Departm  at  ,"   in   your   Nov.    in.    L9S1, 

!     ttough  issue,    the    undersigned    belli                   Mowing    information 

[ere    in    thi-  Mlini,  tne   average  , ,,.,                                                Depart- 

oi   several  months  ments  in   Manila   for  the  year   1921    may   be  of  interest: 
me   it    would   he   utterly   out   oi    the   question    to   have   a 
traffic  if  it  •>■                                Li  ted  as  suggested 
paper  under  discussion. 

We  i  gardlng  the  wearing  qualities  "" _L 

of  different   classes  of  gravel  roads,  and.   while   it    i-  admitted  '"'                                                                             " 

i  He     \m.  rlcan   mule 

gravel    often    results    In    a    smoother    mad  mitv; 
lay-filled   gravel,  we  are  gradually    reaching  the 

conclusion  that   the  clay-filled  gravel   withstands  wear  a  much  

length   of   time   than   does   the  sand-filled   gravel,   al-  Total  }:. 

though  the  clay-filled  gravel  will  eventually  ]                    igher  SANTIAGO    ARTIAOA, 

surface  to  the  traffic.    In  this  country  we  have  not  yet  passed  Manila.    1"    I                                                                City  Engineer. 
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Construction  Features  of  I.  W.  Carr 
Concrete  Road 

By  JOHN   C.   SERIGHT, 

City    Engineer,     El  n ,     [nd. 

The  construction   of   tliis   road.  [I    i  ame    under   the   ob- 

servation  of  the  writer,   presents    some   interesting   features 
that  are   well   worth   noting. 

The  1.  \V.  Carr  road  was  the  flrsl  to  he  petitioned  and 
allowed  under  the  county  unit  road  law  of  Indiana.  II  is 
I  ft.  in  length,  running  from  the  city  limits  of  Elwood, 
north  to  the  south  line  of  Grant  county,  and  constitutes 
an  important  link  in  the  Hills  and  Lake  highway  from  In 
dianapolis.  to  the  lake  resorts  in  northern  Indiana.     In  order 


yard  carts.  The  cement  was  hauled  hy  trucks  direct  from 
cats  and  piled  on  racks  outside  the  forms,  being  dumped  into 
the   skip   by   hand. 

II  might  he  well  to  say  in  passing  thai  the  contractors 
estimate  the  use  of  the  racks  saved  enough  Cement  to  pay 
for  themselves  during  the  flrsl  shower.  No  cement  was 
lost  from  water  reaching  it  from  below.  These  racks  were 
made  14  ft.  long  by  IS  in.  wide  and  consisted  of  2  by  4 
pieces  set  on  edge  and  spaced  2  in.  by  use  of  2  in.  by  4  in. 
by  6  in.  blocks.  Hand  holds  were  placed  at  each  end  to 
facilitate  carrying  and  as  fast  as  racks  were  emptied  they 
were  carried  forward  hy  the  cement  dumpers  and  placed 
in  position  for  the  next  truck  load.  The  racks  were  made 
14  ft.  long  as  this  length  when  the  racks  were  placed  10  ft. 
apart — held  just  75  sacks — piled  5  high,  the  amount  needed 
for  25  ft.  of  roadway.     The  trucks  used   for  hauling  cement 


General  View  of  Operations  on   Carr   Road. 


to  take  care  of  the  extremely  heavy  traffic  following  the 
highway,  M.  A.  Steele,  county  engineer,  incorporated  two 
unusual   features  in  the  specifications. 

Trouble  having  been  encountered  in  the  past  in  the  use 
of  1-course  pavement,  owing  to  the  presence  of  soft  rock  in 
the  aggregate.  Engineer  Steele  specified  a  2-course  pavement, 
the  base  consisting  of  a  1:2%:4  mix.  with  a  top  course  of 
a  uniform  thickness  of  2  in.,  proportioned  1  part  cement  to 
2  parts  sand.  Another  variation  from  the  usual  specifica- 
tions is  in  thickness,  the  pavement  being  18  ft.  wide,  7  in. 
at  the  sides,  and  9  in.  in  the  center.  Laid  on  a  flat  grade. 
%-in.  expansion  joints  were  specified  every  50  ft.  No  rein- 
forcement was  used. 

The  contract  for  this  road  was  let  .Tan.  15,  1921,  but  owing 
to  the  failure  to  sell  the  bonds,  work  was  not  started  until 
July  5,  1921,  when  ground  was  broken.  Paving  operations 
began  July  30,  and  ceased  Oct.  21st.  with  36,000  sq.  yd.  com 
pleted.  August  3rd  ushered  in  a  series  of  rain  storms  that 
continued  during  the  balance  of  the  working  season.  At  no 
time  was  the  paving  crew  able  to  work  continuously  for  a 
week,  and  the  constant  rain  kept  the  subgrade  soft  most 
of  the  time.  This  was  a  big  factor  in  slowing  up  operations, 
but  the  final  analysis  showed  that  the  hourly  average  was 
80  sq.  yd.  per  hour,  or  200  cu.  yd.  of  concrete  placed  per  10 
hour  day — nothing  spectacular,  but.  considering  all  phases 
of  the  operations,  an  excellent  record.  Table  I  shows  the 
daily  progress  of  the  work. 

Several  methods  of  handling  the  material  were  consid- 
ered but  the  final  decision  was  to  place  the  aggregate  in 
stock  piles — 500  ft.  apart,  on  the  subgrade.  handling  from 
them  to  the  mixer  skip  by  the  use  of  six  horse-drawn  brick- 


operating  cost  where  the 
hired  amounted  to  $3.75 
on  the  carts  drawn  by 
tractor,     being     $2.75     per 


were  3a<2-ton  capacity  and  carried  75  sacks  to  the  load  which 
was  an  added  advantage  in  placing  sacks  accurately.  Little 
trouble  was  experienced  in  getting  the  sacks  placed  so  as  to 
reduce  the  carrying  to  a  minimum. 

The  carts  used  for  carrying  the  aggregate  to  the  skip  rep- 
resented an  investment  of  about  $800,  this  figure  including 
the  cost  of  side  boards  and  harness  complete.  The 
horses  and  drivers  were  both 
per  day  per  cart;  the  cost 
horses,  owned  by  the  con- 
day  per  cart.  Eight  shov- 
elers  were  used  in  charging  the  carts,  four  on  gravel  and 
four  on  sand,  in  addition  to  the  drivers  who  helped  shovel 
their  own  loads. 

The  contractors  used  a  21-E  Multifoote  paver  of  the  boom 
and  bucket  type.  In  laying  base  a  4-sack  batch  or  26  cu. 
ft.  of  sand  and  gravel  was  hauled,  which  proved  to  be  a 
maximum  load  for  one  horse  under  favorable  condition  of 
the  subgrade.  In  order  to  haul  this  amount  it  was  necessary 
to  increase  the  20  cu.  ft.  capacity  of  the  carts  by  adding  Zy2- 
in.  side  boards.  These  boards  were  bolted  on  so  as  to  be 
easily  removed.  A  center  board  was  placed  to  divide  the 
box  into  16  cu.  ft.  and  10  cu.  ft.  compartments.  For  the  top 
course  the  16  cu.  ft.  side  was  used,  making  an  8-bag  batch. 

As  the  work  progressed  it  was  found  that  the  increasing 
softness  of  the  subgrade  was  holding  back  the  batches, 
the  horses  becoming  fagged  and  slowing  up  the  work  in 
the  afternoon.  It  was  accordingly  decided  to  remove  the 
side  boards  and  run  a  3-bag  batch  of  base  and  a  6-bag  batch 
of  top.     It  was  found  that  nearly  as  much  concrete  could  be 
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hii<l  undei    bad  conditions  with  the  3-bag   butcli  as   with  Lhe 

batch   under   favorable   conditions. 

All   One   grading    waa    done    between    the    stock    piles    an<l 

most  of  ii   ■  between  the  forms.    This 

permitted  the  making  ot  a  practical^   pi  i  I   little 

ound  thai  two  men  » 1th  pick 
and  one  team,  us.  ..ms  drag  and  Fresno  si 

had  ii"  <iit!iruity  in  keeping  th<    -  n  excellent  condi 

This 
nical 
ided  that  a  finishing  machine  could  not  bi 
,m.iL-.    ..ii  this  particular  job  owing   to  the  two  ei 

■   hand  templet   was   made  6   in    bj    10   in 
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bj    20  it.     The  lower  Burl 

ted  Hi.-  bottoms  and  edges  against  excessive  wear.  In  order 
in  bring  th<    templet  down  i"  the  b;  Ion  2  In.  deep 

bj  16  in.  long  was  removed  from  the  bottom  at  each  end. 
■|"ii"  length  "i  16  in.  permitted  c  1 1 « ■  required  aawing  motion 
in  striking  ofl  the  base  coursi  In  striking  off  the  top  an 
oak  block  with  tenon  attached  was  Inserted  al  acb  end 
and  the  tenon  fastened  in  ;t  mortis.,  by  an  Iron  pin.  Finish 
tag  was  accomplished  by  th<  use  of  two  belts,  one  of  1-ply 
rubber   belting  10  In,  wide,   the   final   flnl  en    bj 

the  use  of  a   3-plj    canvas   belt    10   in.    wide,     All   work   was 
■    t  w  1."  u  nil  each   !'•  ii 
in  placing  expansion  joints  the  engineer  required  ti: 
joini  h"  .lit  to  crown,  and    el   '_■  In   below  the  surface;  after 


Brick   Cart.   Cement    Rack   and    Paver. 

finishing  the  joints  the  tiller  was  pulled  up  to  14  in.  .1  Im,\ .• 
Hi"  pavement  with  tonus  and  Lit  in  this  position.  To  pre- 
vent rough  joints  a  thin  bulkhead  was  necessary,  so  one  was 
constructed  to  tin-  crown  of  Mi"  road  of  10  gauge  steel  with 
a  '1  in.  by  %  in.  angle  iron  riveted  along  the  top.  In  placing 
the  joint  the  tiller  strip  was  placed  under  th"  projecting 
.-.ig".  ilins  preventing  any  possibility  of  its  being  disturbed 
1  and  insuring  a  perfect  joint. 
Tin-  batches  were  so  proportioned  that  three  hatches  of 
top  were  used  to  cover  >i\  batches  of  base.  Bach  driver 
knew  Miat  he  was  expected  to  bring  up  two  batches  of  ha-" 
and  follow  it  by  on"  hatch  of  i.>p.  which  left  little  supervision 
1.1  be  exercised.  What  little  was  required  was  done  by  one 
..I  Mi.-  carl  drivers.     When  this  driver  was  at   th"  stock  pile. 


Hand    To 


iplet. 


calls  for  "\tia  hatches  were  signaii"<i  hy  th"  mixei   operator 
by  th"  use  of  th.-  whistle  on  Mi"  paver. 
Curing   was  accomplished   bj    use  ..1  canvas  shad.-.-   which 
placed  over  th"  finish". 1  concrete  until  it  had  ha; 
sufflcientl)  io  bears  mans  weight,    when  these  were  moved 

ill.,   straw    was    spread    to   a    depth    of   '■'■    in.    and    kc-pt     •■ 

I"   days      After   th"   coring    waj    completed   th"   straw    was 

raked    to    Mi"    sid"   of    th"    road    ami    liiirii".! 

M.u"    than    sufficient    watei    for    ..n    operations,    including 
curing,  was  furnished   bj   a   2   In    C    11    fi   E3.  triplex   pump, 

driven     bj     a    r,    lip      I  'an  I.  an  I-.     \l.n    .      engine,    tWO    of    which 

«  ere  mounted  one  on  each  Bldi  ntlng 
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allun     hi   thi    water  supplj  distance 

pumped  was  -' 1  miles. 

The  aggregate  was  unloaded   froi  ■..    .,   Little  Giant 

crane  with  94-yd.  clam  shell  bucket,  about   five  minuti 
ing   required  to  handle  a  5-yd.   truck   load.     Lack  of  space 
prohibited  the  use  of  bins,  but  no  trouble   was 
in    getting   material   on   the   grade    in   quantity    sufficient    to 
in. -it  the  paving  requirements.    Bight  trui  ployed. 

The  trucks  were  ot  5  and  7%-ton  capacity  and  hauled  from 
4  in  .."_■  yd.  per  load.  The  hauling  contract  was  handled 
on  a  yard  mile  basis  using  %  mile  hauls  as  a  unit. 

The  contractors  are  expecting  to  maki  few  minor  changes 
in  their  methods  on  resumption  of  work,  which  is  believed 
will    increase   the    efficiency    of   the    prj  ind    cul 


!     JJMHh 

**i0tK^^^^ 

Canvas   Shades   for   Curing    the    Concrete. 

down  the  handling  cost.  Among  these  is  the  installation 
of  a  Barber-Greene  loader  for  placing  the  gravel  in  the 
carts,  the  use  of  a  turntable  or  platform  in  front  of  the 
skip  to  facilitate  turning  and  backing,  and  wider  tires  on 
the  cart  wheels.  The  use  of  a  chute  instead  of  a  boom  and 
bucket  delivery  on  this  type  of  pavement  would  also  speed 
up  the  work  and  permit  a  reduction  in  the  spreading  crew 
if  the  specifications   permitted   its   use. 

The  following  crew   handled  the  paving   operations: 


I     Mixer  operator. 
1 — Foreman 
t — Spreaders. 
-' — Finishers. 
'-' — Form  setters. 
2 — Form  handlers. 
•  t    men. 

I  mmp  man. 
irivers. 

Sand 

Gravel  shovelers 
I      Curing  man. 


1 — Water  boy. 

1 — Sack    boy    (also    drove    utility 

truck  i. 
1 — Sack  •:.  anei 
1 — Pump  man. 
1 — Firema  n 

.' — Cement   truck  drivers. 
-' — Helpers. 

Gra  v.-l  checker  a 
1—.'  [ravel  chei 
1 — Cezni 
t — Mechanic. 

The    work    was    performed    under   the    direction    <.t    M.    A. 
count]   engineer,  and  Paul  Phipps,  assistant  engineer. 
The    County    Commissioners   are   A.    L.    Hiatt,    Charles    Coin- 
dexter  ami   Wm.  L.  Pierce,  all  of  Andersen.    Indiana.     Har- 
mon  &    Harmon  of  Ehvood.  Ind..   are  the   contractors. 


South    Carolina    Proposes    Big    Road    Improvement.-   A    pro- 
posal to   spend    $34, .nun   within   six   years   and    to   complete 

within  that  time  4,000  miles  of  the  State  system,  more  than 
':""  miles  of  which  would  he  hard  surfaced  and  thi  r<  mainder 
surfaced   with  sand-clay,  top  soil,  or  urged 

before  the  present  session  of  the  Legislature  of  South  l 
lina.  If  this  greatly  expanded  program  is  carried  out.  the 
State  will  match  all  of  the  Federal-aid  monej  now  available 
and  any  future  appropriation  that  may 
Funds  will  be  raised  by  automobile  licenses,  by  continuing 
the  State-wide  2-mill  property  tax.  a  L-cent-per-gallon  motor 
fuel   tax.  and   a  bond   issue   of  $10,000, 


Road  Building  Grown  to  Big  National  Industry. — Road 
building  is  one  of  the  Nation's  largest  industries,  according 
to  statistics  compiled  by  the  Bureau  of  Public  Roads.  United 
States  Department  of  Agriculture.  In  December,  192U.  less 
than  tiOO.000  men  were  employed  in  the  steel  and  iron  indus- 
try. It  is  estimated  that  last  year  something  like  7r.11, one 
men  were  engaged  in  making,  selling  and  repairing  automo- 
biles. As  compared  with  this  approximately  1.000,000  men 
labored  last  year  throughout  the  road-construction  season  in 
building  and  repairing  the  country's  highways. 


Comparative  Cost  of   Road  Grading  with  Tractor 
and   Mule  Outfits 

.1-.   County.  Tex.,   is   divided    int..   tour  commissioners 
BXh  having  a  commissioner  elected  by  the  people 
■    precinct       Bach   commissioner   is  an   ex-officio   road 
superintendent    Of   his    precinct,   and    has   direct    (hare     of  all 
i    road  1  quipmenl  tor  his  precinct,  and  is  in  direct 
and   actual   supervision   of   such    equip nt    in   building,   re- 
pairing or  maintaining  ail  ol  the  roads. 

The  records  show   that  on  tic  ptember,   L920,  the 

county  had  road  equipment   to  pr< 

aggregating    in    value    approximately    $28,000.       rhi 
equipment    was    represented    bj    muli     teams,    gi  and 

here  being  appn  1  tns   t.. 

each    commissioner's   precinct.     On   the   first    of   Septembei 
1:11:1,    the    inventorj    for   the   count]    showed    tha 
equipment    totaled   $45,000.     This   increase    in    the   value   of 
tin-  mad  equipment  within  the  year  was  caused   bj    tin    pui 

chase    early    in    the    year   of   about     <  1 7. worth    ..1    11; 

and  graders,  each  of  the  three  commissioners  having  pur- 
Chased  a  .".ton  "Caterpillar"  tractor  for  use  mi  the  roads, 
together  with  the  necessar]    grading  Uter  hav- 

ing used  the  three  .".ten   " t';i t . •  ipiltar"  tractors  [or  ahOUl 

in. mills,  the  Commissioners'  Court  purchased  additional  equip- 
ment   to    the    extent    of    three     In-toti    tractors    and    me 
tractor,    together    with     the     necessary     grading     machinery, 
making  the  total  value  of  the  road  equipment  on  Oct.  1.   1921, 
$75,000. 

For  the  purpose  of  showing  the  savings  gained  over  1 
drawn  outfits  in  Travis  County,  the  operation  of  the  LO-tOE 
"Caterpillar"  tractor  in  Mr.  Brodie's  precinct  affords  a  tail 
example.  The  records  show  that  Mr.  Brodie  had  operated  his 
mule  team  outfit,  consisting  of  five  teams,  grading  equipment 
and  eight  men,  for  the  first  nine  months  in  the  year  at  a 
cost  of  $5,956.81,  and  during  those  nine  months  had  con 
structed  31  miles  of  road,  at  a  cost  of  approximate!]  $200 
a  mile. 

The  records  show  that  for  the  two  months  that  the  In  inn 
"Caterpillar"  tractor  has  been  at  work  on  the  roads  in  his 
precinct  he  has  constructed  2b  miles  at  a  cost  of  $1,170,  or 
$46.80  per  mile,  this  $1,170  taking  into  consideration  the 
wages  of  two  men.  one  operating  the  tractor  ami  one  operat- 
ing the  grader,  all  expenses  for  ordinary  wear  and  teal   mi  the 


Tracto 


ader  Outfit 


is  County  Work. 


grader  1  there  being  no  repairs  whatever  on  the.  tractor),  ami 
all  interest  and  depreciation  charges  on  both  machines. 

Roads  built  by  the  mule  teams  and  by  the  tractor  were 
in  all  respects  alike  as  far  as  condition  of  soil  and  hills 
were  concerned,  the  roads  upon  which  each  of  them  worked 
running  west  from  Austin  to-  the  county  line  and  being  of 
adobe  and  limestone  formation,  with  many  boulders  both  in 
the  ditches  and  in  the  surface  of  the  road.  The  mule  team 
outfit  built  only  a  20-ft.  road  from  ditch  to  ditch,  while  the 
tractor  in  its  work  built  a  roadway  that  would  approximate 
35  ft.  from  ditch  to  ditch. 
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The  Highway  Maintenance  System  of 
Pennsylvania 

Its   Organization  and    Operation    Described    in    a 

Paper  Presented  at  Omaha  Meeting  of  the 

Association  of  State  Highway  Officials 

Bj    W.   A    van    DUZER, 

Highway    Department    ol 

The  must  Important  preliminary  Btep  In  any  private  or 
public  undertaking  is  its  proper  and  logical  Bnanclng.  Funds 
Bhould  1"'  made  available' each  calendar  year  so  as  to  permit 
the  department  to  proceed  with  its  studies  and  authorizations 

during  the   winter  months. 

I  believe  a  highway  engineer,  knowing  liis  traffic  ami  ha\ 
ing  a  history  ol  the  road's  behavior  m  the  past  and  the  type 

ni   mainiiii.il.  .ii.  can   pre  cribe   verj    Intelligent!} 

i  rive  months  in  advance  whal  the  road  will  need  the 
next  season.  This  gives  him  and  his  organization  plentj  of 
time  to  perfect  th.ir  plans,  study  the  proper  equipment  and, 
if  nei ■>  ■■     bids   on    the    requisite   materials,   thus 

assuring  tent,  the  completion  of  work  before 

the  advent  of  the  season  of  heaviest   travel. 

Fixed  Revenue  for  Financing  Maintenance. -The  uncer- 
tainty as  to  the  time  that  an  appropriation  will  become  avail- 
able  as  well  as  the  amount  that  will  be  appropriated  are  the 
principal  reasons  that  have  made  it  absolutely  necessary  to 
provide  a  fixed  revenue  to  finance  our  ever-increasing  main- 
tenance.  It  is  but  natural  that  a  legislator,  desirous  of  se- 
curing a  large  proportion  of  the  maintenance  funds  for  his 
county,  should  consider  it  his  duty  to  his  constituents  to 
insist  that  these  funds  should  he  appropriated  in  county 
units,  and  a  small  fund  provided  which  could  be  used  at  the 
discretion  of  the  department  in  taking  care  of  unforeseen 
conting.  I 

But  traffic  conditions,  which  are  ever  changing,  have  in 
the  past  few  years  become  the  real  problem  in  proper  main- 
tenance, and  are  the  disturbing  element  in  specific  county 
appropriations.  The  construction  of  a  certain  unimproved 
link,  or  the  erection  of  mills,  shops  and  other  property  along 
a  highway  can  increase  traffic  to  such  an  extent  that  ap- 
propriations  made  for  a  road  B  year  or  two  in  advance  can- 
not meet  its  requirements,  and  therefore  cause  consequent 
deterioration  and  eventually  make   reconstruction  necessary. 

To  obtain  the  best  results  in  any  business,  whether  it  be 
state  or  private,  there  must  be  a  fairly  definite  time  within 
which  funds  become  available,  in  order  that  the  work  may 
be  properly  planned.  Legislators,  realizing  this  fact  and 
being  imbued  with  keen  business  sense,  in  many  states  have 
written  into  the  statutes  a  provision  that  the  fees  derived 
from  motor  vehicle  registrations  may  be  applied  towards  the 
maintenance  of   highways  on   their  state   system. 

In  this  manner  the  control  and  distribution  of  these  funds 
are  left  to  a  great  extent  in  the  hands  of  the  department  and 
place  it  in  a  position  to  meet  contingencies  as  they  arise, 
thus  assuring  proper  attention  to  the  heavy  traveled  through 
roads.  Experience  has  shown  that  this  is  the  logical  manner 
Of  handling  this  very  important  part  of  the  problem. 

owing  to  the  small  mileage  involved,  the  maintenance  of 
not  on  the  state  highway  system,  but  constructed  with 
the  assistance  of  the  state,  or  special  maintenance  on  main 
trunk  lines  in  boroughs  or  towns,  can  be  taken  care  of  by 
direct  appropriation.  These  appropriations,  however,  should 
be  made  in  a  lump  sum  for  the  whole  state. 

Preparation    of   the    Maintenance    Budget. — The    intelligent 

ution   of   these    funds    must    of    necessity    result    in    a 

budget,   this   budget   being    pre]  annual   estimates 

furnished  the  main  office  by  til  .lives  in   the  field. 

For  convenience,   we   have   divided    these   estimates   into  six 

general   classes:    Indirect  expense  is   a  charge  covering  sal- 

and  expenses  of  the  field   offices  and   forces.     General 

repairs,  as  the  term  implies,  takes  into  account  the  different 

■cations  for  the  proper   maintenance  of  the  total   mile 

•   highways,  the  crowning  and  dragging  of  earth  roads; 

placing    of   drainage   other    than    bridges,    and    the   necessary 

repairs  to  Improved  roads.     Resurfacing,  which  Includes   the 

tion    "f    the   different    types    of    pavements   already 

laid,   either   with    the   same   material   or   with    a   higher    type 

of  construction.     Surface  treatment,  which   Includes  the  pur- 


chase  and   application   of    the    bituminous    material   and    the 

chi|is    or   other    lie.,  rial       Bridge    construction,    and 

repairs  to  tools  and  equipment,  the  last  of  which  covers  all 
necessary  repairs  to  the  tools  and  equlpmenl  ol  the  main 
tenance  >iiv , 

The  preliminary  estlmati  are  prepared  bj  the  Held  rep- 
re  entatlvea    after   a    careful    and    thorough    stud)    of    each 

The    roads    are    gone    over    loot    by    loot,    distributing 

innate  among  the  Beveral   units  Of   work  coming   under 

the     various    classifications        We    will    not    allow     any    guess 

or  approximation  and  bold  the  engineers  Btrlctl]  to  actual 
figures,  so  that  eacb  engineer  has  a  personal  pride  In  seeing 

that    the   work   is  done   within   bis   estimate 

These  estimates  are  totaled  iii  the  maintenance  division 
under  the  different  classifications  am!  are  con.-  over  very 
carefully,  in  the  event  that  th.  estimated  amount  required 
for  these  roads  is  in  excess  of  the  estimated  revenues,  it  is 
necessary    to   make   reductions       In    the   estimate    fur   general 

repairs,   the   reduction    is   accomplished    by   comparing    aucb 
estimate    with    the   amount    of    nioiiev     expended    during    the 
in- 1 'ding   three  year-   upon  tin    different    roads,  aiwa: 
deavorlng  to  develop  work  of  a   permanent  character 

as    widening,   construction    Dl    guard    rail,   and    the    placing    of 

surface  ami  subsurface  drainage  at  particular  liM-ations  Th. 
reduction  in  estimates  for  re  urfacing  is  made  after  a  per- 
sonal inspection  of  each  project  bj  ;i  maintenance  inspector 
from  the  Maintenance  Division,  who  takes  into  account  the 
importance  of  the  road,  the  traffic,  and  the  possibility  of 
substituting  cheaper  repairs.  Reduction  in  surface  treat- 
ment estimates  is  made  bv  a  personal  inspection  of  the  roads 
and  a  reference  to  the  chart  showing  the  character  of  the 
treatment  thej  received  in  past  years,  together  with  an  ap- 
praisement of  the  probable  traffic  that  the  road  will  carry 
during  the  coming  season.  Reduction  in  the  bridge  con- 
struction estimates  is  taken  from  the  bridge  records  kept 
in    the    main   office.     Tie  are    compiled    from    an 

actual  Inspection  ol  ''ii  bridge,  made  by  an  engineer  of 
the  Bridge  Division,  which  gives  in  detail  the  physical  con- 
dition of  each   strip 

These  estmates  are  then  returned  to  the  engineers  with 
notations  as  to  the  advisability  of  the  reduction  or  elimina- 
tion of  certain  work  and  after  the  corrections  have  been 
made  are  again  forwarded  to  the  main  office  for  approval 
and   the   issuance   of  the   necessary   authorizations. 

Co-operation  With  Construction  Division  Necessary. — In 
the  preparation  of  the  next  season's  work  the  closest  co- 
operation exists  between  the  Maintenance  and  Construction 
Divisions  and  whenever  traffic  requirements  become  such 
that  our  maintenance  costs  show  the  present  type  of  con- 
struction cannot  be  held  with  economy,  that  particular  sec- 
tion is  recommended  for  a  higher  type  of  pavement. 

When  our  present  system  of  highways  was  taken  over  by 
the  state  it  included  :!fni  miles  of  toll  roads.  The  majority 
of  these  roads  had  been  built  of  limestone  macadam,  and. 
due  to  a  lack  of  revenue  and  increased  traffic,  had  deteri- 
orated to  such  an  extent  that  when  we  assumed  their  main- 
tenance it  was  a  real  problem  to  make  such  temporary  re- 
pairs as  were  necessary  to  carry  them  over  until  such  time 
as  funds  became  available   for  more   permanent    work. 

In  order  to  get  the  full  benefit  of  each  \  ear's  work,  we 
earlj  determined  upon  a  regular  maintenance  program;  that 
is,  a  definfte  program  of  resurfacing  certain  roads  was 
planned  for  several  years  ahead  with  the  thought  of  ulti- 
mately   Riving   us    improved    through    highways. 

Authorization  of  Work.  Upon  receipt  of  the  final  esti- 
mates, authorizations  for  the  different   classes  of  work  are 

issued  from  the  Maintenance  Division  \  code  number  sys- 
tem is  user!  to  readily  designate  the  tyj f  work  and  ap- 
proximate location.  These  authorizations  are  issued  in 
quintuple,  one  copy  going  to  the  several  interested  divisions 
or  bureaus.  This  includes  a  copj  to  the  Auditing  Division. 
from  which  an  account  is  opened  up  chargeable  to  this 
authorization;  one  to  the  Management  Division  as  the  co 
ordinating  division  of  the  department;  one  to  the  Turchaslng 
Bureau,   in   order  that    pun  bases   can   he   checked   against   the 

authorizations;  one  to  the  Maintenance  Division,  for  the 
purpose  of  record  atid  control,  and  one  to  the  district  en- 
gineer, which  is  bis  notification  of  the  specific  amount  he 
has   been   allotted   for  a    particular   project. 

This  authorization  Is  the  Instrument  used  to  control  the 
funds  and  in  no  case  can  it  be  exceeded.  It  denotes  the 
funds    which    are    to    tie    distributed    OYOI     'I ntlre    season 
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and,  in  the  case  of  general  repairs,  the  entire  length  of  the 
route  in  the  specified   county. 

Field  Control  of  Funds.— Our  field  control  of  funds  is  vested 
in  an  engineer's  authorization,  by  which  ■  »    ,,,, 
superintendent  the   funds   for   a  certain   definite  amount  of 
work   which   is   listed   on   the  face  ol   the   authorization,   ex- 
cepting  In  the  eases  of  surface  treatment    and  resurfacing. 

When    the   entire   amount   of   the    depa       nenl    authorization    is 
issued.     The  engineer's   authorization    is    Issued    m    In, 
and    forwarded   to    the    Maintenance    Divi   ion    tor    approval. 
One  copy  la  kepi   in  thai   division  tor  record  and  the  other 
two  returned  to  the  district  engine'  one  tor 

his  Me  and  forwards  the  remaining  copy  to  the  superin- 
tendent as  his  notification  that  the  worl   is     nth 

A  special  single  entry  ledger  is  used  both  in  the  field  and 
main  keep  a  record  of  i    p  rh( 

order,  which  is  the  authority  tor  a  vendor  to  furnish  certain 
material  to  the  department,  is  considered  as  a  liability.  The 
main  o  a  report- each  mom  authorl- 

Issued,  aeeording  to  classifications.  This,  being  sum- 
marized. gi\es  us  the  total  amount  expended  ,  ;,,  h  month 
under  each  classification  on  every  rout.-  in  the  entii 

In   order   that    there   may   be    uniformity    in    all    Offli  - 
cedure  system  of  field  office  inspection  and  audit  is 

employed.  We  can  transfer  any  field  representative  from 
one  office  to  another  and  the  same  system  of  bookkeeping 
and   tiling  will   be  in  effect. 

Occasionally,  the  funds  authorized  for  a  certain  project 
will  be  in  excess  of  those  actually  required  and  by  means 
of  a  cancellation  and  transfer  report  the  engineer,  Wil 
approval  of  the  maintenance  engineer,  may  transfer  funds 
from  one  project  to  any  other  authorization  in  bis  district 
coming  under  the  same  fund.  Upon  the  completion  of  an 
authorization  and  at  the  end  of  the  year  a  report  is  com- 
piled by  the  superintendent,  which  itemizes  all  payrolls  and 
purchases.  This  is  in  turn  checked  by  the  district  engineer's 
office  and  is  forwarded  to  the  auditing  division  in  the  main 
office  for  check  and  record.  Any  unused  amount,  not  spe- 
cifically transferred  to  other  work,  automatically  reverts 
to  the  general  fund. 

Cost  Accounting  System. — In  the  cost  accounting  the  Hol- 
lerith tabulating  system  is  used.  Cost  records  are  prepared 
from  progress  reports  submitted  by  the  field.  These  reports 
show  the  cost  of  each  of  the  different  items  coming  under 
the  particular  classification,  and  are  filed  under  route  number 
and  by  different  years.  By  referring  to  them  we  have  a 
record  under  the  jurisdiction  of  the  Highway  Department. 

This  gives  you  a  brief  outline  of  the  functions  necessary 
to  the  proper  financing  of  maintenance  work.  The  financing 
and  organization  are  really  so  closely  related  that,  in  order 
to  make  certain  details  of  the  financing  as  clear  as  possible, 
it  has  been  necessary  to  borrow  some  of  the  functions  which 
would  ordinarily  come  under  organization,  such  as  the 
checking  and  revision  of  estimates,  issuing  of  authorizations 
and  cancellation  and  transfer  of  funds. 

Organization  for  Maintenance  Work.  An  organization,  to 
operate  with  as  little  friction  as  possible,  must  be  so  planned 
that  divisions  of  authority  do  not  overlap.  Its  principal 
success  depends  upon  proper  planning.  This  particularly 
applies  to  resurfacing  and  surface  treatment  work.  The 
three  outstanding  features  in  planning  a  job  are  labor,  equip- 
ment and  material.  Labor  is  taken  care  of  by  the  local  rep- 
resentative in  the  field.  The  equipment  requirements  of  each 
engineer  are  submitted  to  the  central  office  at  the  beginning 
of  each  season,  showing  the  estimated  time  that  the  equip- 
ment will  be  in  use  upon  each  project  in  his  district.  This 
includes  rollers,  trucks,  sprinklers,  concrete  mixers,  asphalt 
plants  and  dump  wagons,  together  with  the  available  supply 
of  equipment  in  his  district.  From  this,  a  working  chart 
is  compiled  showing  the  total  amount  of  equipment  in  use 
in  each  district  and  the  surplus  which  can  be  transferred 
to  other  districts  in  the  state. 

The  purchase  of  materials  is  made  by  requisition  drawn 
by  the  superintendent  and  approved  by  the  district  engineer 
and  the  central  office.  If  competitive  bids  have  not  been 
previously  received  the  superintendent  asks  for  quotations 
from  at  least  three  producers  and,  providing  the  material 
meets  the  department's  specifications,  a  purchase  order  is 
drawn  upon  the  vendor  submitting  the  lowest  quotation  by 
the  Purchasing  Bureau. 

The  regular  payment  of  approximately  8,000  men  twice 
a  month  for  seven  or  eight  months  in  the  year  is  a  problem 


of  some   magnitude,   for   it    means    that    ii    we   are   t"    keep 
efficient    labor   we   must    paj    them    promptly   and   correctly. 

We    use  a    time   card    with    the    workman's    name,   and    numbei 

c.n  it.  the-  workman  retaining  the  card.  The  Dumber  of  hours 
worked  is  punched  by  the  timekeeper  or  foreman  each  da] 
I'm  caretakers  send  a  daily  report  card  to  the  uperintendent, 
showing  the  number  of  \m>w.  worked  and  the  kind  of  work 
performed,  these  men  working    l1<  di  i    the    dli eel     uper 

Vision  of  the  superintendent  th     | ml  sys- 

tem is  :m  incentive  toi  the  i  iretaker  tn  produce  good  results. 

Time    Sheet.— The   foreman   kei  n    the 

end  of  tie-  pay   period   prepares  a  Mowing 

ih.-  t  [me  b  "i  ked  bj   each  workman 

of  work  which  is  mailed  to  the  superintendent  with  tie-  time 
checks  the   progi  i  and    forwards   it  to 

the   Auditing   Division,  the   timi       heel  tig    ri  taim  d    hi   his 

office  until  die  receipt   o1    the  cheel         Ch       heel       in    di 
livered   personall]    i"  each    workman  by  the  superintendent, 
w ho  receives  the  time  card  a  delivei ed 

These  time  rani-,  are  then     orted  according  to  route 
.'tn!   paj    period,  and   periodically  forwarded   to  tin-   Auditing 

Division    where   they   are    tiled    as    a    rei 

We    think   the    most    important    feature    "i    tin     method   of 
payment    is   the   personal   contact    with   tin-    superinten 
In  this  manner  he  becomes   better  acquainted   with  bis  em- 
ployees   ami    by    checking    up    frequently    in    going    over    the 
road    be    can   readily   pick    up    any   attempt    to    defraud    the 

state. 

From  time  to  time  pamphlets  of  instructions  are  issued 
to  the  maintenance  employe's,  but  we  believe  that  the  best 
results  are  obtained  by  frequent  circular  orders  and  the 
careful  preparation  of  standards  for  carrying  out  the  dif- 
ferent methods  of  maintenance  work. 

As  is  noted  above,  considerable  time  is  taken  in  the 
planning  and  scheduling  of  work  previous  to  the  actual 
operation.  A  schedule  of  the  various  types  of  maintenance 
showing  the  tentative  dates  of  beginning  and  completing 
work  is  submitted  by  the  district  engineer  to  the  main  office, 
and  a  careful  followup  is  employed  to  assure  the  completion 
of  all  work  authorized. 

How  Complaints  Are  Handled.  One  of  the  most  important 
functions  of  the  Maintenance  Division  is  the  handling  of 
complaints.  These  receive  careful  personal  attention,  no 
matter  by  whom  written  or  the  nature  of  the  complaint  in- 
volved, and  we  endeavor  in  each  case  to  have  a  represen- 
tative of  the  department  call  upon  the  complainant  and 
adjust  the  matter  if  it  is  within  his  power  to  do  so.  We 
take  the  position  that  the  section  of  road  in  front  of  any 
man's  house  is  to  him  the  most  important  highway  in  the 
state  and  his  opinion  of  the  work  performed  by  the  depart- 
ment throughout  the  state  is  based  to  a  great  extent  upon 
the  manner  in  which  his  special  case  is  handled.  A  record 
of  these  complaints  is  kept  in  the  main  office  according  to 
route  and  county,  and,  provided  further  complaints  are  re- 
ceived from  other  sources,  an  inspection  and  usually  a  call 
upon  the  complainants  is  made  by  a  representative  from  the 
main  office. 

In  order  that  our  records  may  be  complete  and  aid  in  cen- 
tralized control,  a  series  of  reports,  statements  and  charts 
have  been  developed  covering  each  phase  of  the  work,  in- 
cluded among  which  is  a  weekly  report  made  by  the  super- 
intendents showing  the  roads  covered  by  them  during  the 
past  week  and  their  condition.  The  surfacing  and  surface 
treatment  reports  are  compiled  in  the  field  and  forwarded 
to  the  main  office.  They  show  the  amount  of  each  particu- 
lar type  of  work  completed  and  from  the  information  fur- 
nished a  chart  is  compiled  each  week. 

Snow  Removal. — Pennsylvania  has  organized  its  forces 
and  equipment  for  snow  removal  on  approximately  1,100 
miles  of  improved  main  arteries.  These  roads  are  kept 
open  for  all  kinds  of  traffic  throughout  the  winter.  This 
snow  removal  work  is  handled  through  the  co-operation  of 
the  various  local  offices  of  the  United  States  Weather  Bureau. 
Postcard  reports,  showing  the  condition  of  each  road  at  five 
o'clock  in  the  evening,  are  mailed  each  day  simultaneously 
to  the  Weather  Bureau  meteorologists  and  the  main  office, 
the  weather  bureaus  furnishing  this  information  to  the  news- 
papers. Prior  to  the  receipt  of  this  postcard  we  assume  that 
the  road  is  open  unless  advised  by  wire  to  the  contrary. 

Standardization  of  Practice  and  Methods. — To  standardize 
practices  and  methods,  we  have  two  maintenance  inspectors 
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who  paction   ol   all   state   highway   routes, 

port    of   their  condition    to   the    main   office, 
er    with    their    recommendations      They    are    usually 
on  an  inspection   trip  by    i  of  the 

tative,  to  whom  i 
and  advice  on  the  handling  of  their  maintenance  work.   These 
I  -  show  the  progress  ol  each  Job. 
ions  are  directly  in  charge  of  the  district 
o  has  three  or  more  counties,  with  usuallj   three 
superintendents.     Bach  district  engineer  lias  an  office  and  is 
ponsible    for    all    construction    and    maintenance 
in  Mis  district.     The  superintendent,  who  also  has  an  office 
otes    his   entire  time  to   the   details   of   main- 
He   Belecta   and    makes    requisition    for    the 
■    all    materials   and    supplies,   employs   all    labor 
sponsible  tor  the  econon  atenance 

and   operation   of  all   equipment 
Thi  the  organization    Is  dependent    I 

upon    the    continuous    and    economical    operation    of 
\\'e    have    worked    out    a    complet [uipment 

Dtroi    (hart.      This    is    followed    up    closely    h>     the 
main  office  and  when  any    equipment    is  idle  without    any   ex- 

■    in  it  is  immediately  taken  up  with  the  superintendent 

Pie    Held   control   id'   funds,   as   referred    to    In    the   early 

this    paper.    i~    entirely     in    the    hands    of    the    district 
engli  • 

Bach   foreman,  caretaker  ami   truck  driver  must   have  an 
appointment   card  approved   by    tin-   district   engineer  which 
sho«s   his    name,    by    whom    he    was    recommended,   amount 
•o    lie    jiaid    and    date    the    appoininont     i--    to    heroine 
•  •■     This  is  ii  triplicate  to  the  Maintenance 

l>i\  Isii  ■  co  rhich  goes  to   the    Paj 

roll  Bureau  of  the  Auditing  Division  for  its  guidance  in 
passing  pay  rolls  ami  one  copy  each  to  tin-  district  engineer 
ami  superintendent  showing  thai  the  appointment  has  been 
approved.  In  the  rase  of  truck  drivers,  the  superintendent 
submits    a    questionnaire    with    the    appointment    rani.      Tie 

questionnaire  gives  details  as  to  the  ability  of  the  applicant 

rate  motor  equipment,  and  is  approved  by  n quip- 

ment  engineer  before  the  man  takes  charge  of  department 
equipn 

Methods   of    Maintenance    Forces.-    The   actual    operation   of 

the  maintenance  division  is  as  closelj  interlocked  with  the 
organization  as  the  organization   is   with   the   financing,     it 

is  very    hard  to  differentiate  in  some  cases  between  the  two. 

11   assume  that   the  organization  has   been  determined 

upon   and    tie  eration    is   to    lake   effect.     The    Mam 

tenance    Division    selects    the    means    to    he    employed    in    the 

repair  or   n  n   ol    the   roads,   tie    development  of 

Standards  and  the  preparation  of  instructions  as  lii  how  lo 
apply   these   standards   and    methods. 

We  have  Bpoken  several  times  regarding  <l  ■  neci  Itj  ol 
planning  ami  scheduling  your  work,  periodic  inspection  is 
also  necessary  and   a   real   Bystem   of   followup   is   very   im- 

I    if  the   best   results  are   to  he   obtained.     Of  co 
rhe   principal   problem    for   the   Held    to    solve    I     to   have   a 
thorough    understanding   of   their   roads,   t  havior 

uiuler    . 

In    tie     natural    p  minions    10    be    overcome    th< 

9tudy    of    drainage     and     local     materials     is     most     important. 

-an   from   the   first    lias   been    to   repair   a    road   with 
material  in  harmony  with  its  original  type,  that   i-  an  earth 

•      earth,   a    travel    road    with    gravel,   a    stone    road 
with 
In  tin-  resurfacing  of  the  waterbound   macadam   typi 

have    always    ad\'.'  large    -lone.    \ar\ing    in 

ton  i    oughly  locked 

roller    before    the    application    of    the    screenings; 

to  i>e  from  ii  I,,  ■••,  in.  ;,nd  well  broomed  in  with 

i    uniform   coating :    no   water 

•d    until  all  i,    ailed 

a  templet   upon  the  grade  and 
s   advocated       \    i-trainin   edge 
should    he   us.-d    longitudinally.     There    should    b 

to  properly  hind  the  road   without   leaving 
■ 
on  newly  built  macadam  roads,   we  believe  'he  Brsi   sur 

uld     he    a     low     \  ,i!l     L 

of  a  gallon  applied   to  each  square  yard      As   much   i 

pends  upon  tie-  Initial  treat 


thoroughly   cleaned   especially   along   the  edges  in  order   to 

a  maximum  penetration     Tin    second  application  ma; 

ther   a   medium    viscosity   tar  or   asphalt,   applying    26 

io   3  gal.  per  square  yard,  as  the  road  requires,  using  from 

I'"  to  25   He  of    ',    in.   |,>  in    chips   In  the  square  yard.      A    mad 

thus    treated    should   ubl    require   another   treatment 
Ian  we  inn!  thai   w  obtain  mui  b  b<  tter  i 

;    I    I  tOl     lie-    lirsi    n, 

aii'  r  which  ible  to  omit  the  tn  everal 

We  have  obtained  good  re  ults  bj    placing  a  third 

treatment  of  hm  asphalt,  having  an  asphaltic  conte i   88. 

to  '.'■".  ai   loo  penetration  Di  ap- 

proxtm  |3   ,,-,,, n  .1.-,  I,,   2 

is  applied  p.,-  square  yard,  which  requires  from  30  to  10 
covering  material. 

'■on    function  of  the    Maintenance   Depart 
ment    is  to   maki  .,  .    traffh 

With  in  is  idea  .n  vie     we  have  co-opi  rated  with  tl 
in  the  erection  ol  advance  warning  situs  at  all  | 

hich  Bigns  are  placed  :: from  cro 

Standard  danger  ami  direction  signf    are  used  bj    th 

pailmenl.      These   are    constructed    "I    CSSl    iron    and    1  he    base 

is   placed   in  concrete     To  augment   tin-  d 
whitewash   telephone    poll  -    to   a    height  n    the 

ground,  which  not  alone  directs  the  traveler  to  his  di 
tlon  Inn  is  oi  conslderah  e  in  traveling  at  dI 

Road  Side  Maintenance.     Maintenance  work  dues  not  ah 

mean  iie-  proper  pai'  bini  -  a  ilnti  ".'in  ■  ol  the  sui  fai  • 
hut  also  the  proper  care  within  the  right-of-way  lines.  With 
this  idea  in  view,  we  have  insisted  that  superintendent* 
all  their  patching  material  in  long  piles  outside  of  the  ditch 
lines,  and  thai  all  brush  sin  aid  he  em  periodicaly,  piled  ami 
burned.     With   this   same    id.  a    in    mind,    win-re   bituminous 

material  is  used  in  the  patching  of  roads,  we  have  consli 
drum   racks.     It   net   onlj    makes  a    much   neater  appearand 
but   saves  the  rai' i  iderable  time  in  drawing  out 

the    mat 

a  checkerboard  marking  is  used  on  abutments  and  wing 
walls  of  dangerous  undergrade  crossings,  which  shows  up 
to  great  advantage  as  does  also  the  center  marking  which 
has  been  adopted  for  divisional  traffic  lines  on  sharp  curves 

The  organization  and  operation  of  the  Maintenance  Hivi- 
sioti of  any  State  ran  be  arranged  with  a  little  modification, 
and  the  addition  or  subtraction  of  units,  to  conform  with 
th..  above  outline.  The  principle  has  been  found  correct. 
Tim  changes  on  account  "t  legal  difficulties  or  geographical 
difference  can  he  readily  made.  Prom  the  head  of  the  in 
partment  to  the  humblest  workman,  there  must  he  no  break 
in  the  organization,  no  conflicting  division  of  authority,  no 
deliberation   of   hoards   before   action    ran    he    taken.      It    must 

work  straight  to  the  point,  with  but  one  object.    Maintenance 
is  as  true  an   investment   a-   construction.     The  smoothness 

requisite    to    good    results    i-    only    arrived    at    after    careful 
study  of  t in-  problem. 


Engineers  Club  Organized  at   New  Orleans.      The  engineers 

of    New    Orleans    have    organized     an     Kngil is    Cluh.     the 

present   purpose  of  which  is  to  hold  luncheons  monthly  for 
the  purpose  of  developing  a   fraternal  spirit  among  thi    en 

timers    of    thai     vicinity         I'll,      meetings    are    In    he    held    on 

tin-  third    Monday  of  each   month.     At    the   first    meeting  in 
February  tinre  were  65  members  present  representing  th 
lowing:    American  Societj    ol   Civil   Engineers,  Louisiana   En 

gineering  Society,  American  £ tj  ol  Mechanical  Engii 

American    Chemical    Society,     American     Association    of    En 
I'm    the   ensuing    year   tin.   following   officers   were 
President,  Ole  K.  Olsen;   vice-president,  .1    1 
1et.11>.  f    a    Muth;   treasurer,  .1.  i-\  VlUavasso 


Automobile     Registration    in    Pennsylvania.      A     comparison 

ol  .mi. mi. .bile  registration  In   Pennsylvania  In  L921  and  \:>... 
.1     "i   f'.-b,  1;.  showi    'in    following: 


121,  ir.  1 

1  'ommi  rclal  1  1,288 


1921. 


At      Hie     rinse      nf      1921        til  I        paSsellgel 

totalled  632,541,  BO  thai  ••  ars  remain  unregistered 

cars  an-  presumed  bj   the  State  Highway  Department 
in  have  been  laid  up  for  the  winter,  Inasmuch  . 

an-    repnrled    where    drlVl  rating    with    1921     i 

' 


, 
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The  Bates  Experimental  Road  of  Illinois 

Results    of    Research    on     Construction    snd     Subsequent    Behavior    of    Road    Summarized    in    Paper 
Presented  Jan.  19,  at  Annual  Meeting  of  American  Road  Builders  Association 

[FFORD  OLDER, 


Chief  H  r.   Dh  Isior 

Earl]    In   1920,  Governor   Frank  O.  L'owden,   In  confer 
with  Frank  I.  Bennett,  Director  of  the  Department  of  Puhlic 
Works  and  Buildings;   s,   E.   Bradt,  Stati    Superintendent   of 
Highways,  and  the  writer,  decided  that  the  State  ol  Illinois  was 
justified  In  undertaking  the  construction  of  an  experimental 

road  of  unprecedented  magnitude.     The   pe  uli       con 

Btruction  of  the  Hates  Experimental  Road  The  Bate  road 
was  started  in  1920  under  Governor  Lowden's  administration 
and  was  finished  In  1921.  The  completion  of  the  project  and 
inttnuance  of  investigations  in  connection  therewith 
were  heartily  endorsed  by  Governor  Small. 

Subgrade  Moisture.  For  more  than  a  yeai  subgrade  sam- 
ples for  the  determination  of  moisture  content  have  been  col- 
lected  periodically  from  several  hundred  stations  located 
along  the  Bates  road  and  along  about  60  mfles  of  paved  high- 
ways adjacent  to  Springfield. 

In  Fig.  1  is  platted  the  moisture  content  curve  of  the 
subgrade  of  the  Bates  mad.  The  moisture  content  is  ex- 
pressed  as  a  percentage  of  the  dry  weight  of  the  soil.  The 
soil  in  this  case  is  the  brown  silt  loam  of  the  Mississippi 
Valley  Corn  Belt,  it  is  a  finely  divided  material  that  ordi- 
narily would  be  called  a  clay  soil.  The  sampling  stations  in 
the  I'.ates  road  wen.  established  in  position  such  that  the 
results  would  show  any  variation  which  might  occur  in  the 
moisture  content,   due   to   the    proximity   of   the    station    In    the 

edge  of  the  pavement,  to  cracks  and  to  joints,  as  well  as 
in  areas  as  far  removed  from  sueb  features  as  possible.  It 
soon  developed,  however,  that  the  moisture  content  of  the 
subgrade  soil  in  proximity  to  edges  and  cracks  was  ;it  ao 
time  materially  different  from  that  observed  elsewhere.  This 
conclusion  has  been  checked  from  time  to  time  up  to  the 
presenr  date.  This  condition  might  not  prevail  in  localities 
where  prolonged  rainless  seasons  occur.  A  further  observa 
lion  of  interest  in  this  connection  is  that  at  the  point  in 
the  Hates  road  where  a  tile  drain  with  a  cinder  backfill  was 
laid  30  in.  below  each  edge  of  the  pavement  for  a  distance 
of  200  ft.,  the  moisture  samples  show  no  variations  from  those 
obtained  elsewhere. 

About  8  miles  from  the  Bates  road  a  section  of  pavement. 
1,000  ft.  long,  was  selected  for  a  drainage  experiment.  Tile 
drains  were  laid  immediately  under  each  edge  of  the  pave 
ment  a  depth  of  36  in.  below  the  bottom  ol  the  lab  'I'll'' 
tranches  were  back  filled  with  cinders  and  sampling  stations 
established  throughout  the  1000  ft.  The  moisture  con- 
i  the  soil  under  this  section  has  been  uniformly  lower 
than  that  under  the  Bates  road.     However,  it   is  believed  that 
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Fig.    1. — Subgrade    Moisture   Indications. 

this  result  is  due  to  the  difference  in  the  character  of  the 
subgrade  soil  (which  is  a  yellow  clay)  rather  than  to  the  effect 

of  the  tile  drainage.  This  conclusion  was  deducted  from  th' 
fact  that  moisture  samples  taken  from  the  subgrade  ol  un 
drained  sections,  where  the  soil  is  of  tie'  same  nature,  also 
shows  a  lower  moisture  content  than  that  under  the  Bates 
road  and  approximately  the  same  as  that  of  the  tiled 
tions.  A  sufficient  number  of  samples  from  undralned 
grades  having  soil  of  this  character  has  not  as  yet  been 
tested   to  make  this  condition   positive. 

Prof.  Eno,  in  a  paper  read  before  the  1921  American  Road 
Builders'  Convention  at  Chicago,  brought  out  the  fact  that 
certain  clay  soils  of  Ohio  when  moulded   m  a  moist   condition 


State  of   Dllnol 

i  to  a  marked  extent  the  further  absorption  ol  moi  ture 

while  the  same  soils  after  having   been  dried,  disintegrated 
rapidly   when   placed   m   water  and   absorbed  a    much    ii 
volume  of  water  in  a  short   period  of  tune      ii   seems  prob- 
able   that    this   is   true   of   many   if  not    all    claj    soils;    and   no 

doubt   accounts   for  tic  rapid   saturation  of  lie-   Batei    road 


6      9      12      3       6       9      12      3       6       9      12      3       6 
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Time  of  Readings 

Fip.  2.— Results  of  Application  of  6, COO  Lb.   Load  on  Corner  of  Slab. 

subgrade  in  the  fall  of  1920.  as  a  large  portion  of  the  pave- 
ment was  laid  on  an  air-dry  subgrade.  Within  three  days 
after  the  fall  rains  started  the  subgrade  was  found  to  con- 
tain the  high  percentage  of  moisture  indicated  in  this  dia- 
gram. It  is  to  be  noted  that  more  than  five  months  during 
the  summer  of  1921  the  moisture  content  varied  less  than  5 
per  cent,  although  frequent  rains  occurred.  At  the  present 
l  line  the  moisture  has  again  reached  a  high  figure,  but  the 
increase  has  been  gradual. 

In  order  to  determine  the  possible  rate  of  saturation  of 
tin'  subgrade  from  the  edges  to  I  he  center,  in  July  a  trench 
was  .in  along  the  edge  of  the  pavemem  and  kept  tilled  with 
water  for  some  days.  At  first  this  trench  was  cut  immediately 
against  the  edge  of  the  slab,  bin  as  the  warping  of  the  pave- 
ment due  to  changes  in  temperature,  immediately  permitted 
sheets  of  water  to  tlow  under  the  pavement  it  was  impos- 
sible to  obtain  the  desired  results.  Later,  a  trench — about 
1  ft.  from  the  edge  of  the  pavement  was  cut  at  a  different 
point,  leaving  the  shoulder  undisturbed  between  the  edge  of 
I  be  trench  and  slab.  This  trench  was  kept  tilled  with  water 
for  a  period  of  three  weeks.  Although  the  nearest  sampling 
stations  were  only  ::u  in.  from  the  edge  of  the  trench,  the 
moisture  content  of  the  subgrade  at  these  stations  showed 
no  increase  and  no  variation  from  that  at  other  points  under 
the  pai en  .  in 

In  order  to  ascertain  whether  or  not  the  freezing  of  soil 
would  render  it  more  susceptible  to  saturation,  a  number  id" 
blocks  of  the  subgrade  were  cut  out  very  carefully  so  as  not 
in  disturb  the  natural  compaction,  then  frozen,  and  aftei 
having  been  thawed  out  were  immersed  in  water.  After 
freezing  most  of  the  blocks  fell  to  pieces  upon  immersion 
Samples  that  had  not  been  frozen  remained  practically  intact 
and  absorbed  moisture  slowly.  The  samples  which  had  been 
frozen  and  then  immersed  in  water  absorbed  moisture  at  a 
much  mole  rapid  rate.  Typical  of  these  experiments,  four 
blocks,  when  taken  from  the  subgrade  showed  an  average  mois- 
ture content  of  2S  per  cent;  after  immersion  for  2u  hours,  the 
moisture  content  was  increased  to  33  per  cent  or  an  increase 
ei  ".  per  cent.  Another  Bet  of  four  blocks,  having  the  same  ini- 
tial moisture  content,  after  having  been  frozen  for  n  hours  and 
then  immersed  in  water  for  24  hours,  showed  an  average 
moisture  content  of  42  per  cent  or  an  increase  of  14  per 
cent  From  the  results  of  these  tests,  it  seems  altogether 
probable  that  although  a  clay  subgrade  may  resist,  markedly. 
saturation  from  an  occasional  rainfall,  yet  the  same  soil  may 
.piickly  become  saturated  after  a  freeze.  An  examination 
.if  the  curve,  Fig.  1,  shows  further  that  although  the  moisture 
content  has  net  increased  rapidly,  yet  a  high  degree  of  sat- 
uration has  again  been  reached,  although  we  have  had  no 
freezing  weather. 

Subgrade  Bearing  Power.  Much  time  has  been  spent  in 
an  effort  to  ascertain  the  factors  having  influence  on  the  sup- 
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portini  'ils     Believing  i hat  soils  might 

rently   under  repeated    loads   aa  compared   with 

m  ■    an  apparatus  was  devised  and  perfei  ted, 

loads  u]    to        lb.  per  square  Inch  could 

Indefinitely   on   subgrade   soils   in   place.     Tins 

I  in  an  article  which  appeared 

in  I'n  I,  N  of  its  use,  up 

mi  .    have    m  I  Irely    sati-  I 

■  iit  difficult .  •  ontact 

a  load  is  applied. 

Iminated  an  initial  deformation 

under  mparativelj    much   greater   than    that 

luenl    applii 
paratus  points  strongly  i< 

■  ontent, 
may  u  rlj  definite  elastic  limit. 

■•    soil  subgrade  a  load  ol   •",   II 
■  i    approximately    1,000  times, 
the  in  caused  bj   the  firsl   few  applii 

quent  applications  produced  a  deflnit 
lion  under    each  repetition  with  complete  recovers   as 
The  load  was  then  in. 
:•■  inch  with  the  result  thai  pn  leforma- 

tion  continued  until  a  total  penetration  of  0.26  In.  occurred 
when  the  tost  was   discontinued.     The   general   beha^ 

mined  on  small  areas  by  this  machine 
onfirmed  by  load.  labs  having 

i  on  the  same  sub 
tedly  by  moans  of  an  hj  draulic 
Even    in    the    case   of   these    slaiis    which    wore    pre- 
Bumably  in  perfect  contact  with  an  undisturbed  subgrade  the 
first  few  light  loads  caused  permanent  depressions,     in  this 
ion  it  should  be  understood,  however,  that  different 
points  on  the  same  subgrade  soil,  although  having  the  same 
moisture  content,  did  not  exhibit  uniform  results.    This  per- 
haps is  partially  due  to  lack  ol  mad   between   t In- 
loaded  shoe  and  the  subgrade:   but  most  likely  to  inequall- 
the  compaction  of  the  subgrade  soil.    It  remains  to  be 
lined  whether  or  not  a  subgrade  soil  at  all  seasons  of 
the  year,  or  at  Beasons  when  the  greatest  degree  of  saturation 
prevails,   may  be  counted  upon  to  exhibit  elastic  resistance 
to  deformation  when  subjected  to  pressures  as  great  as  the 
lowest  that  may  practically  be  obtained  with  economic  pave- 
ment designs.     It  is  certain  that  this  resistance  for  the  Illi- 
irn  Belt  soil  containing  at  times  40  per  cent   moisture 
Is   very  low — probably  less  than  1  lb.  per  square  inch.     For 
the  good  of  the  cause  we  hope  this  condition  is  peculiar  to 
Illinois,  but  we  doubt  it. 

Comparatively  little  work  has  been  done  on  soils  other 
than  the  brown  silt  loam  of  the  Mississippi  Valley  Corn  Belt. 
A  number  of  observations,  however,  on  a  very  finely  divided 
sandy  soil  shows  the  same  general  characteristics  with  no 
marked  variation  either  as  regards  bearing  power  or  satura- 
tion tendencies;  but  this  soil  contains  a  considerable  portion 
of  clay  and  might  be  expected  to  exhibit  materially  different 
characteristics  from  coarse  and  clean  sand  or  gravel. 

Efforts  have  been  madi  Ine  the  bearing  capacity 

of  subgrade  soils  in  place  when  highly  saturated;  but  inas- 
much as  the  bearing  power  determinator  was  not  perfected 
until  the  moisture  content  of  all  subgrades  available  had 
per  cent  and  as  attempt-  at  artificial  sat- 
uration of  the  soils  in  place  failed,  no  material  result 
been  obtained  up  to  the  present  time.  As  the  Bates  road 
ire    curve    Indicates    that    Illinois     is    again    about    Bat- 

a  the        i     d  infoi  matlon. 
Subgrade    Uniformity.     There   were   installed    in    the    Bates 
road   many  subgrade  cylinders  each   having  a  brass  disk  in 

•      plug  screwed  in 

Under  in  such  a  manner  that  measurements  taken  from 

k   would    show    tie-   relative    position 

of  the  Bubgrade  anil  tin-  pavement  slab  at  any  time.     (For 

icription,    see    Public     Roads,    Vol.    4.   No.   5). 

taken  once  each 

■  in-  are  of  considerable 

Unctrj  a  periodic  separation  ol  the 

b  and  the  subgrade  dm-  to  warping  of  the  slab 

under    temperature   chang  •    to   a    very 

marked    extent    erratic    variations    due    in    all    probability    to 

uneven  of  the  subgrade      Some  ol   these 

abgrade  as 

much  •  r  areas   of  considerable   magnitude.     Just 

•   ■"'.  it  is  Impossible  to  determine,  as 
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the  spacing  of  the  cylinders  l-  nol  close  enough  At  prac 
tically  all  of  the  observation  cylindi  ration  of  the 

subgrade  and  the  slab  has  occurred  at  one  time  or  another. 
This    sep. nation    by    no    no  an-    can    I nthvly    accounted    for 

by  the  warping  of  the  slab.     The  erratic  movement  of  the 

brass  disks  relative  to  the   slab   would   I.  ad    us   to   believe   that 

not  only  is  the  slab  Iteell   constantly  warping,  but  that   the 

ide  also,  is  not   stable   even   although   there    be    no  tratlic 
on    the    road.      As    the    m,  at    of    the    subgrade    was 

fairly  uniform  for  several   months   it    seems   hardly   likely  that 

at    i  Ij  to  a  changing  moistun  [I  maj 

be  due  to  changes  ol  temperature;   but   it  would 
probable  that  tie-  opi  ling,  plowing,  harrowing 

and  re-rolling  the  Bubgrade  did  not   produce  a  uniform 

paction.      No  doubt    void      ren    lined   after   harrowing  and   roll- 

'I   in  a   lion 

uniform   manner   under   -  ■!    tin'    pavements 

probahh  accounts  for  a  largi    pi  rtion  i  I  th<    i  rratic  subgrade 

cent,     in  this  com  ectloi  used   In    preparing 

the  subgrade   may   be  ol  grades  occur 

throughout    the   two  miles   Bection;  nil    is  about 

1'    It.,    and    deepest    cut    about     I  fading 

was  done   the  eiin  rolled 

and  wetted  the  daj                      pavement  v 

id  that  any  economically     ractlcal  method 

i  table  economy  to 
utely  uniform  n    ults. 

Frost  Action. — Oil  I  heaving  o 

-  ie   made  during   i1  1921,     Altai 

tart  "in-    p.riod    of    low    in 

ture  occurred,  at  which  time  th  ground  became  frozen  in 
the  open  fields  and  the  shoulders  of  the  road  to  a  depth  of 
about    .s   in.      Practice   levi  from   bench   marks, 

fully   protected  from   frost   action,   sh  iving  or  lift- 

ing of  the  edges  of  the  slab  throughout  the  entire  length  of 
the  road  at  a  much  more  rapid  rate  than  at  the  center.  On 
sections  where  a  longitudinal  joint  was  provided,  the  edges 
of  the  pavement  slabs  lifted  on  an  average  of  about  '■'■,  in 
while  during  the  same  period  tin  ,  enter  lifted  but  an  a  . 
of  about  <  in.  .Many  sections  not  provided  with  longitudinal 
joints  showed  approximately  the  same  behavior.  All  such 
sections    when   examined     in     the    spring   were   found    to    be 

ed  longitudinally.  \  few  sections  lifted  at  the  i 
about  %  in.  and  at  the  center  about  %  In.;  those  sections 
showed  no  discernible  longitudinal  cracks  when  examined  in 
the  spring.  As  no  loads  were  permitted  on  the  road  during 
this  period,  it  is  evident  that  the  longitudinal  cracks  were 
caused  by  the  breaking  of  the  slab  under  dead  load  while 
supported  at  or  near  the  edges  only.  If  the  heaving  of  the 
soil  due  to  freezing  is  universally  more  rapid  under  the  edges 
of  the  pavement  than  elsewhere,  it  would  appear  impossible 
to  avoid  the  longitudinal  breaking  of  wide  slabs,  where  freez- 
ing temperatures  occur,  especially  under  heavy  tratlic.  Math- 
ematical analyses  indicate  that  it  is  likely  to  be  economically 
impracticable  to  design  wide  slabs  of  sufficient  strength  to 
avoid  breaking  longitudinally  when  the  edges  only  are  sup- 
ported; hence  the  present  Illinois  design  provides  for  a  longi- 
tudinal joint  in  order  that  erratic  longitudinal  cracks  ma> 
be  avoided  as  far  as  possible. 

Temperature   Effects. — Tin-  lateral   and   longitudinal   expaja 
sion  of  a  pavement  Blab  emperature  ami  moisture 

changes,  is   well   appreciate,]       it    ls   doubtful    it    lateral   con- 
Epanslon  i-  for  longitudinal  cracks. 

ore  probable  that  cks         dm    to  freezing  sub- 

grades  or  perhaps  to  conditions  of  support  caused  by  the 
warping   of   the    slab.      It  litogether    likely    that   con 

tractlon  dm-  to  temperati  iture  changes  accounts 

for   at    least   the    first    transverse   cracks    that   appear   in    all 
le    slabs. 

in  the  fall  of  L920  while  atl   mptlng  to  take  strain  gauge 
and  deflection  measurement  concrete  -labs  under  load, 

the  results  obtained  at  first  were  so  erratic  as  to  be  useless 
unless  the  cause  for  the  erratli  behavior  could  be  deter- 
mined.     We    undertook    one      eriei     of    tests    to   determine 

i  "i  not  tin-  subgrad ler  a  corner  of  a  slab  would 

bi  compressed  under  repeated  loads  to  such  an  extent  as 
to  afford  no  definite  BUpporl  to  the  pavement.  With  the 
apparatus  at  hand  it  was  impossible  to  repeat  the  loads 
rapidly  and  in  order  to  avoid  possible  subgrade  recovery 
during  peiiods  ol  rest,  tin-  load  were  repeated  continuously 
for  periods  Of  48  hours       It   was  ib.-n   discovered  by  an  exam- 
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[nation  of  the  results  that  al  nlgtal  ■  lab  corner  undi  i 
load  might  be  at  a  higher  elevation  than  the  unloaded  corner 
iluring  the  day.  We  have  do  knowledgi  ol  anj  previously 
conducted  research  work  indicative  of  this  Important  feature. 
Figure  -  Bhows  the  air  temperature,  and  tl  vertical  move 
ment  ol  the  corner  of  a  9-in.  plain  concrete  slab  loaded  and 
unloaded.     This  diagram    is   typical  everal    hundred,  all 

ol  which  show  the  same   character!  Hourlj    elevation 

readings  to  thousandths  ol  an  Inch  were  taken  by  mi  u 
Ames  niais.    The  6.000  lb.  load  was  applied  to  the  corner  for 

minutes  each  hour.     Under  this  load  the  computed  fibre 

in   the  slab  was   :!20   lb.   per   square    inch.      Note   that 

(.11    about    %   of    the   54-hour    period    the    3-ton    load    did    not 
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Fig.  3. — Curviture  of  7  In.  Slab. 

3S  the  corner  to  its  unloaded  afternoon  position.  It  is 
obvious  that  the  suggrade  offered  but  little  if  any  support 
for  %  of  the  time. 

Figure  3  shows  the  curvature  of  a  7-in.  slab  on  a  line  bisect- 
ing the  corner  angle.  The  upper  solid  line,  diagram  A, 
shows  the  upward  warped  position  of  the  surface  of  the 
slab  along  a  45°  line  from  the  corner  to  the  center  of  the 
pavement.  The  upper  dashed  line  shows  the  position  of  the 
slab  while  a  load  of  6.000  lb.  was  applied  on  an  area  of  2 
sq.  in.  at  the  corner.  The  lower  solid  line  shows  the  position 
of  the  unloaded  slab  at  the  point  of  maximum  downward 
deflection.  The  lower  dashed  line  shows  the  position  of  the 
slab  under  the  6,000-lb.  load  when  applied  during  the  day. 
It  is  obvious  that  the  slab  corner  acted  purely  as  a  cantilever 
in  supporting  the  night  load.  It  is  also  obvious  that,  as  the 
increased  deflection  was  not  as  great  when  the  load  was 
applied  during  the  day  as  when  applied  at  night,  subgrade 
support  had  some  influence  on  the  amount  of  deflection.  The 
computed  fibre  stress  of  the  concrete,  considering  the  corner 
as  a  cantilever  under  the  night  load,  amounts  to  368  lb. 
per  square  inch,  which  is  certainly  not  too  low  for  the  work- 
ing stress  of  plain  concrete.  It  is  obvious  that  a  much 
greater  load  with  a  correspondingly  high  fibre  stress  would 
be  required  to  deflect  the  corner  to  contract  with  the  suh 
grade  at  night. 

Diagram  B,  Fig.  3.  shows  the  effect  under  similar  condi- 
tions of  a  longitudinal  crack  or  joint.  In  such  case  it  is 
evident  that  the  warping  effect  does  not  ordinarily  pivot 
about  the  center  of  the  full  width  of  the  slab,  but  probably 
approximately  about  the  center  of  the  half  slab  as  defined 
by  the  longitudinal  joint.  It  is  of  interest  to  note,  however, 
that  even  in  this  case  the  upward  warping  of  the  slab  due 
to  temperature  effects  was  greater  than  the  downward  de- 
flection of  the  slab  under  the  6,000-lb.  load  producing  a  fibre 
stress  of  368  lb.  per  square   inch. 

That  curling  of  the  edges  of  an  18-ft.  concrete  slab  may 
be  sufficient  to  render  the  most  perfect  of  subgrades  ineffec- 
tive under  the  edges  of  the  slab  may  readily  be  determined 
without  the  aid  of  accurate  measuring  devices.  To  visualize 
this  condition  the  photographs — Fig.  4 — were  made. 

Figure  4-A  shows  the  edge  of  an  8-in.  pavement  slab  and 
subgrade  below.  The  white  card  on  the  left  is  rigidly  at- 
tached to  the  slab.  The  card  at  the  right  is  fixed  to  the  sub- 
grade  at  some  distance  below  the  base  of  the  pavement.  The 
black  line  was  drawn  across  the  two  cards  at  mid-day  while 
the  sun  was  shining. 

Figure  4-B,  taken  at  midnight,  shows  a  distinct  crack  in 
the   earth   subgrade   a   short   distance   below   the   bottom   of 


the    pave Qt;    and    slums    the    Offset    in    the    line    caused    by 

the   upward   movement    of  the  slab.      A   load   of  4    ions   on   the 

...l-,.  ,ii  the  pavement  failed  to  i  lo  •  the  offset  or  the  visible 
crack  Id  the  subgrade. 

By  means  of  ihe  brass  disks  ol  subgrade  cylinders  located 
in  a  row  across  the  pavement  slab,  the  relative  movement  of 
the.  slab  and  the  subgrade  was  confirmed.  In  many  cases 
these  measurements  indicated  positively  that  the  downward 
culling  of  the  edges  during  the  day  lifts  the  center  of  an 
unbroken  slab  entirely  free  from  the  subgrade  near  tie-  cen- 
ter. Thej  Indicate  also  a  permanent  depression  of  the  sub- 
grade  al  I  lie  edges  of  the  pavement  under  this  condition, 
although    a    partial    recovery    occurs    as    the    edges    curl    up    at 

night  The  warping  phenomenon  is,  of  course,  caused  by 
the  more  rapid  healing  and  cooling  and  consequent  expan- 
sion and  contraction  of  Hie  upper  layers  of  the  slab.  The 
warping  effect  occurs  much  more  rapidly  on  clear,  sunny 
days  than  when  the  sky  is  obscured  by  clouds.  On  sunny 
days  the  effect  of  passing  clouds  may  be  noticed  in  the  read- 
ing of  Ames  Dials  set  for  these  observations.     Wetting  the 

surface  of  the  pavement  lias  a  similar  effect.  Monolithic 
brick  pavements  exhibit  practically  the  same  degree  of 
warping  as  concrete  slabs.  The  effect  is  much  reduced  when 
a  bituminous  concrete  surface  is  applied,  as  might  be  ex- 
pected. It  is  similarly  reduced  when  a  brick  wearing  surface 
having  a  bituminous  joint  filler  is  used  on  a  concrete  base. 
Figure  .">  shows  the  edge  movement  of  various  slabs.  All 
readings  were  taken  practically  simultaneously  for  24  hours 
Special  attention  is  called  to  the  slight  warping  of  slabs 
having  plastic  surfacing  materials  of  considerable  thickness. 
Such  surfacings  no  doubt  tend  greatly  to  reduce  the  ordinary 
range  ol  temperature  between  the  upper  and  lower  sur- 
faces ,,r  the  rigid  base,  thus  materially  diminishing  the  warp- 
ing  of   the   slab.      Under   load,   pavements   of   this   character 


Fig.  4. 
would  no  doubt  receive  material  support  from  rigid  subgrades 
or  subgrades  having  a  high  elastic  resistance,  even  under 
night  traffic.  The  fact  that  clay  subgrades  are  more  than 
likely  to  become  saturated  at  times,  and  when  in  such  con- 
dition have  very  low  supporting  power,  should  not  be  over- 
looked. 

Attention  is  also  called  to  the  comparatively  small  warp- 
ing of  the  concrete  slag  having  a  longitudinal  joint.     Pave- 
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DBtrui  ted  may  bIbi  ■    Borne 

iipport   from  good   BUhgrades   under  aigtat 
day  traffic. 

ii    is  evident   that   the  warpii  awaj    from 

the  Bubgrade  provl  i    passage  of 

■ 
this  iii  evidence  when  the  ditch,  mentloi  is  cut 

along  1  the  pavement,  but  im.ui>  1 1 nn •- 

during  the  lasl  twelve  months     Throughout  the  yeai  with  >ii> 

und  In  the  Bubgrade  cj  1 
heavy  rains,  Further,  oui  latest  observations 
a    greater    warpinj  iring    the    i 

prevailed   this   fall   thai  d  .iui> 

and  An 

11  ains  or  melting 

that  funis  its  way  under  I  b  Blab  as  it  curls 

up  In  the  earlj  pan  of  the  nighl  •  -.  thus  forming  a 

higher  support  for  the  edges  and  ca  lifting 
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Fig.  5. — Curling   Action   of  Slabs. 


dividing 


«     c 


and    longitudinal 
2  In.  Topeka  top,  5  In.,  l  :_:::'■..   ba 

base. 

the  next  day  unless  it  breaks  longitudinally 
under  its  own  weight. 

It   also  seems   probable   that    the    formation   of   ice   under 
the  edges  at  night  and  under  the  middle  portion  during  the 
day  Is  a  more  reasonable  explanation  of  the  presence  of  lay- 
Ice  which  have  been  observed  under  pavement    slabs, 
than  the  theory  of  capillary  a<  I 

Impact.  S]  of  the  Illinois  Division  of  High- 
ways provide  that  the  variation  of  tl  I  of  the  sur- 
face of  concrete   pavements   shall   nol   exceed    ',    in,     Si ■ 

difficulty  has   been  encountered   in   securing   this   degree   ol 

smooth]  lally  on   grades  of  more  than   2  or  3   per 

■:<l  on  curves.     However,  the  variations  are  not  abrupt 

ami  a  constant.  Improvement  i  ned.    It  is  believed 

i.ition  may   be  redui  i  d  matei  iallj   bj    m 

:  construction  methods,  perhap 

tried   equipment.      By   careful    maintenance    methods    it    is    be- 

that   the  application  of  crack  QUer  can  easily,    be  han- 
dled  in   such   manner  as   to  avoid   any   material   different 
in  elevation  from  this  source.    We  have  as  yel  not  attempted 
d   .((curat'-   means   for  determining   the    vs 

We    do    haw 
which   may    :  Indicate   that    possibly    this   matter   is 

not  of  extreme  Importance    for  example,   Ames    Dials   have 

i  ,.(i  deflei  tlon     ol  the  pavement   slab. 

carried  on   independent    supports.     Trucks 

have  ■■  ■  d  past  these  dials  at  Bpeeds  up  to  20  miles 

ere  directed     o  to 
would  e  to  the  dials  as  might  be  possible.    During 

the  approach    and  id,   the    hand    on    the   dial 

irefully.      Th<  were 

acracked    pavement     lections    ol    ordinary 

adjacent  to  cracks  having  the  usual  Joint   tiller. 

adjacent  to  open  joints,  etc.,  yet  no  movement  (■■   thi 

of  thi  een  ob  erved   which   would   indicate   more 

than  a  grad  dj    application   and    release  of  t: 

that    tudden  movements 
i  rved  .    but   !  I  inlikely 


as  a  blow  ol  a  Bledge  could  easily  be  detected.  Further,  In 
the  machine  devised  to  deti  rmlne  the  •  AN  -  I  ol  n  peated  loads 
on  plain  concrete  beam    each  repetition  of  the  load  occupies 

•id.    in  this  case  the  deflect  Ion  ol  thi 
as  shown  by  the  hand  ol  tin   Vmes  Dial  distinguished 

ami  its  magnitude  can  accurately  be  determined  These 
observations   are,   of   <■( but    Indications   of    what    may 

occur,  but    point   to  the   prime   importance  of  the  development 

of  Bome  meat  setting  at  resi  all  doubt 

to  Impact   ei ■•  b>    roughness  ol   the  average  pavi 

m.  ill    Blab   as   imu    consti  ui  led 

All    Cracks   Not   Serious.      Il  th        B    pave 

tnelit    need   not    be  BO  designed    HI    to   avoid   all    poSSibll 

or  .\eu  all   load   break:       Thi  el  ilness  of  a   pavemi 

destroyed  only  when  II   i ken  or  disintegrated 

that  it  no  longer  afford  inootli  and  comparatively  un- 
yielding surface.  Transi  nits  in  rigid  pave 
meiit  slabs  maj  be  acci  ■■  Itable  Illinois  for  about 
''.  years  has  not  provided  foi  i  in  osslblj 
with  the  exception  ol    i  fi  arrying  verj  beavj  i 

and    in    one    unexplained  transvei  lo    not 

average   less  than  about  apart      This  avei 

pavements    more   than   3      •  old       On    two  ll    COD 

crete   road   In  Cook   Count       ubjected   to   v.-ry   heavj    truck 
traffic,  transverse  crack    are  much  more  frequent  regi  • 
of  the  character  ol  thi  -■■  :  or  drainage,  and  long! 

tudinal  cracks  occur  throughout,    it  seem-  quite  possible  that 
the  frequenc]  of  the  cracl       n  these  sections  maj   be  d 
the  existence  at  one  ttm<  mother  ol  comparatively   large 

not  in  contact  « Ith  the  road 
slab,  as  was  found  in  thi  casi  il  the  Bates  road,  and  repre- 
sent load  breaks.  These  ectlons,  however,  although  thej 
are  in  the  main  broken  up  into  pieces  of  from  :'•  or  I  to  pel 

■,"  sq.  yd.  in  an  i   rendering  practicallj    unim 

paired  servici   to  tiaiiii      \\  I        the  breaking  ol  thi   pavement 
Hid   ilal     ol  large  area  maj    be  detrimental  only  on  a 

pearance  and  slightly  increased  maintenance  coat 
the   breaking  down   and   pulveri  ing    ol   comparatlvelj    small 
areas  at  corners  and  thi    con  'sum.!  reconstruction  at 
places  causes  serious  traffic  delays  as  well  as  expense. 

Allowable  Stress  in  Plain  Concrete.  Whatever  design 
formulae  are  eventually  developed,  it  becomes  so  great  Im 
portance  to  determim  safe   working   load 

tor   plain   concrete   in   tension       \u   apparatus   was  outlined 
by  the  writer  and  built  in  accordance  with  designs  made  bj 
Mr.    Clemmer,    our    testing    engineer,    for    determining    the 
;     .iied    loads   on    the    transverse    strength  of   plain 

•  te  beams.  This  apparatus  consists  of  a  pair  of  auto- 
mobile wheels  carried  on  a  horizontal  axle  which  are  re- 
volved around  a  circular  track   by  means  of  a  vertical  shaft 

carrying  a  pulley  operated  I"-  i  belt  from  a  motor  Load 
boxes  are    placed   on    lie  i    the    weight    carried    by 

the    wheels   may    be    varied    as    desired.      Test    specimen 
sist   id'  6   in.   x  6   in.   plain   i  oni  rete   beams,   radiating   as   the 
spokes    of    a    wheel    and    cant  :l.v .  red    from    a    central    support. 
Between   the  beams,   but    separated   therefrom   by    is    in    open 
ings,  are  blocks  ol  conci    ti    Bush   with  the  beams  so  that  a 

mi th  track  is  provided  ft  I  the  passage  oi  tin-  wheels.   Seven 

beams   are   placed    in   the   mai  si       The   ap- 

paratus is  so  arranged  thai  im  breaks  a  switch 

is  thrown  and  the  motor  stopped  By  this  means  the  fatigue 
machine  maj    be  operatei  night    regardless   "f  the 

presence  of  the  observer  in  apparatus  provides 
advantage  of  having  beam  ■  lois  of  sufficient  length 
rupture  in  the  fatigue  machini  foi  modulus  of  rupture  deter- 
minations in  a  Universal  Testing  Machine.  As  the  beanu 
Invariablj  break  over  tl port  tie  length  of  the  canti- 
lever end  is  sufficient  to  make  two  modulus  of  rupture  deter 
initiations  on  span  lengths  ol    i :'  m     This  is  of  importance, 

■    determination  Of  modulus  of  rupture  of  similar  beams. 

presumably    of   the    Bami    i  b  iracter   as    those    subjected    to 

i.  .1  i..ad-.  la  bj  no  in.  an         afe  guide  as  to  the  Btrength 

of  the  beams  SUbjeCtl  d    '  I'd    loads 

The   ti ist    set   of  beam       iren  d  to   more  than    1,130,- 

repetitions  ol  a  load  which   was  presumed  to  be  ?.'.  per 

.(lit  of  modulus  of  rupture  "t   the  concrete,  but  which  later 

proved  to  be  but  about  :'.?  pel  cent  \  nolo  oi  the  beams 
tailed,    the    load     was    lie  t    .".:'.    p.  i     cent,    when 

■  im   broke  al    18,174  l I-:   it   was  then  found  that  the 

modulus     ot     lilpture    of     this  :      I  !.      per 

iquari    Inch,     anothet    It  fact    'hat    developed    was 

that    liv.    other   bl     I  mix.   and   cast    at    ti 
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time  as  the  priginal  seven,  broki    undi  i 
repetitions  of  the  same  load  when  placei  pace  left 

vacant  bj  the  breaking  of  the  firs!  beam  o1  the  original  seven, 
while  the  remaining  original  beams  remained  unbroken  un- 
der 214,000  applications  of  this  load.  The  load  was  then 
increased  to  about  60  per  cent,  when  all  hut  one  broke  .it 
an  average  of  about  10,000  loads.  Tin-,  would  Indicate  the 
possibilitj  that  a  large  number  of  repeti 
max    have  a   beneficial   effect    on   the   nan  engtb   of 

plain  coi 

Two  additional  sets  of  beams  have  been  broken,  \l  beams 
in  each  set.     in  order  to  avoid  the  possibilitj    of  thi 
of  initial  light   loads,   before   the  machine   was   started   two 
beams   cast    at    the   same   time    were   placed    in    the   >• 
machine  and  modulus  of  rupt  aed.     The   load  on 

the  wheels  for  the  lirst  additional  set  was  then  proportioned 
to  approximate^  To  per  cent  of  the  modulus  of  rupture 
Under  this  load  all  of  the  new  set  of  beams  broke  under 
repetitions  varying  from  a  tew  hundred  to  a  few  thousand 
applications. 

An  additional  set  of  i^  beams  is  now  being  tested  with  a 
load  on   the  wheels  which  will  give  a   stress   approximate^ 

equal    to   60   per  cent    of  the    modulus   of   rupture       This   set    oi 

beams   is  carrying  rable  higher  number  of  repeti 

tlons   than    was    the   ease   where   beams   were  loaded   7' 

it  modulus  Of  rupture.  They  are.  however,  breaking 
tinder  number  oi  repetitions  much  less  than  might  be  expected 
during    a    year's    time    on    a    road    slab    carrying    trade     ol 

considerable  intensity.  From  the  behavior  Ol  the  second 
and   third  sets  of  beams   there   is  good  reason  to   suppose   that 

the  per  cent  of  the  ultimate  load  that  may  lie  applied  indefi- 
nitely mas  be  affected  materially  by  the  age  oi  tie  beams 
when  first  subjected  to  repeated  loads.  The  tests  now  under 
way.  therefore,  are.  all  being  made  on  beams  l'n  days  old 
when  placed  in  the  machine.  From  the  results  so  fat  ob 
tained  it  would  seem  probable  that  plain  concrete  m 
rerse  bending  may  he  able  to  withstand  an  indefinite  num- 
ber of  repeated  loads  provided  the  stress  is  something  less 
Mian   .'a'   per   cent   of   the   modulus   of  rupture. 

Position  of  Loads  for  Maximum  Stresses. — Figure  G  indi- 
conditions  which  may  apply  along  the  edges  of  a  pave 
ment  slab.  Curve  a  represents  the  deflection  readings  of 
an  Ames  Dial  placed  at  the  edge  of  the  pavement  during  tin- 
ge of  a  4-ton  wheel  load  along  the  edge  of  the  slab 
as  close  to  the  dial  as  feasible.  The  dial  in  tin.-,  case  was 
placed  at  some  distance  from  the  nearest  transverse  crack 
It  is  of  interest  to  note  the  shape  of  the  curve  showing  the 
deflection  of  the  edge  at  the  dial  as  the  wheel  passed  and 
the  total  amount  of  this  deflection.  Curve  b  (Fig.  6)  -hows 
the  deflection  when  two  dials  were  placed  on  the  corner 
formed  by  a  transverse  crack.  In  this  case  the  crack  was 
very  fine,  the  observations  having  been  made  during  a  period 
-h  summer  temperature  when  the  Slab  was  expanded 
and  apparently  all  cracks  closed  very  tightly.  Not<  that 
the  total  deflection  is  much  greater  than  shown  in  Curve  a 
i  Fig.  ill,  although  it  is  apparent  that  the  closed  crack 
nted  each  corner  from  acting  independently.  Curse 
c  (Fig.  6)  shows  a  similar  condition  in  which,  although  the 
crack  was  open,  short  dowel  bars  passed  across  it.  Note 
that  the  deflection  is  approximately  the  same  as  that  which 
occurred  at  the  closed  crack.  Curve  d  (Fig.  6  i  shows  the 
v.tv  marked  effect  occasioned  by  an  open  crack  or  joint 
with  no  dowel  bar  or  other  means  for  causing  both  corners 
to  act  together.  Deflections  of  the  center  of  a  slab  under  load 
were  too  small  to  be  platted  to  this  scale.  While  deflections 
only  are  platted  in  these  diagrams,  yet  strain  gauge  measure- 
ment- show  the  same  proportionate  results.  As  stresses  are 
in  proportion  to  strains  the  position  of  loads  to  produce  max- 
imum slab  stresses  are  easily  apparent  from  these  diagrams. 
All  et  these  deflections  are  platted  from  observations  on  slabs 
of  the  same  thickness  and  taken  during  the  night  when 
iges  of  the  pavement  were  not  in  contact  with  the 
subgrade. 

The  advantage  of  providing  means  for  causing  adjacent  cor- 
ners to  act  together  in  supporting  concentrated  loads  is  also 
unmistakably  illustrated  by  Fig.  2.  The  readings  from  which 
these  corners  were  platted  were  taken  on  a  corner  formed 
OJ  a  construction  joint  entirely  open  to  the  subgrade  except 
that  short  dowel  bars  were  in  place  across  the  joint.  The 
load  was  imposed  upon  the  corner  on  which  these  deflections 
were  taken.  Note  that  during  the  first  night  while  the  dowel 
bars  were  in  place  the   maximum  deflection   under  load   was 


Onlj     about    0.03  ill.       The    dowel     bars     were    cut     a!     about     9 

o'clock    the    next  night,    with    the    result    that    the    maximum 

on   under  load   Increased   to  about    0.08  in. 

The    Design   of  Rigid   Pavements.      In   the   light    id'   tin-   fore- 

i    [iossiiiiht  j    ol    applj  Ing    rat  ional   de- 
signing methods  to  rigid  slabs  seem-  to  be  within  i 

it   i  utal  that   in  order  thai  anj 

ture  ma>  rationally  be  designed  the  maximum  load:    to  which 
it  will  be  subjected  must   be  ki  I  nd   tie 

quencj   ol   the  application  of  the  load     musl   also   I"-  known 
or  assumed  to  be  such  as  to  produce  the  maximum  di 
th  e   effect    i  ii  in  I  are      li    would    al  ti     be   "i 

prime  import  'be  actual   impact    factor  of  highway 
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wheel  loads  mi  pavements  Constructed  a.-  smoothly  as  may 
be  practical  under  modern  methods  should  be  determined. 

Until  exhaustive  investigations  can  be  made  to  determine 
conomic  truck  unit,  we  are  fated  with  the  problem  of 
controlling  maximum  wheel  loads  b\  legislation  based  upon 
arbitrary  judgment.  The  Illinois  law  provides  for  a  maximum 
axle  load  of  16,000  lb.  This  may  be  assumed  to  correspond 
with  an  8,000  lb.  wheel  load.  As  to  the  frequency  of  tie 
passage  of  such  wheel  loads  out  pavement  slabs,  it  is  our 
Observation  that  on  trunk  line  roads  in  the  near  future  great 
numbers  of  trucks,  loaded  to  the  limit  prescribed  by  law,  may 
be  expected.  Allowable  stresses  must  also  be  fixed  and  the 
subgrade  support  duly  considered. 

In  the  light  of  what  we  believe  to  be  conclusive  evidence 
that  an  uncovered  rigid  slab  may  become  warped  by  tem- 
perature effects  so  that  it  will,  for  from  8  to  12  hours  out 
of  every  :' 1.  be  completely  unsupported  along  the  edges  bj 
even  the  best  of  SUbgrades,  and  considering  the  probability 
that  at  least  on  clay  subgrades  at  certain  seasons  of  the 
sear  the  soil  may  have  an  exceedingly  low  supporting  ca- 
pacity, and  further  considering  the  fact  that  during  the 
period  of  greatest  subgrade  saturation  which  no  doubt  occurs 
immediately  upon  tin-  thawing  out  of  the  ground  in  the  spring 
when  low  temperatures  prevail,  the  cracks  are  open  to  the 
maximum  amount,  it  would  seem  that  to  resist  local  breaks 
it  is  necessary  to  design  the  corners  of  the  pavement  as 
unsupported  cantilevers.  Unbroken  edges  are  far  less  sus- 
ceptible to  traffic  breaks  than  corners,  as  is  clearly  illustrated 
by  Fig.  6.  ,,. 

It   is   the   writer's   firm  belief  that   if  the   thickness  of  the 
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Dl    be   designed    to   carry   the   maximum    load    al    the 

::  u 
lance  « ith  the  foi  mula   d       »  w  bit  b 

>      s 
form  conditions  at   unsupported    right-angled 

ners,   tin    remainder  of  the  pavemenl    will   be   well   ;i i>i« -   to 
carry  the  aame  load  without  breaks  which  would  damaj 
useful)  pa\  ement  bui  I 

Thi  ol  ttiis;  formula  Is   is  follows      Assume  load 

\v  applied  al   corner  b  =  Moment  arm   to  Bectlon   A,   B. 

Then  II  a.  B,  makes  a  F">    angle  with  the  edge  of  thi 
A  B  = 

W  b 
S  =  allowable  tonsil  > •■ 
I  =  movement  ol  Inertia  of  stressed 

■  on 

12 
.1 
C  =  — . 

Substituting  these  value  In  the 

Mc 
formula  S—  it   re 

I 

3  U                    lw 
or  (1  =  »   . 

(1  >      s 

it  means  could  be  found  to  make  I  acl  togethei 

bj    placing  longitudinal  Bhear  bars   along   the  edges  of  the 

by  some  other  means  and  the  corner  weakness 

1%W 


Yi— 


thus  be  reduced  bj  one-half,  the  design  torn 


S 
could  he  used  with  a  reasonable  degree  of  safety.  In  order 
that  all  possible  corners  might  lie  taken  care  of  it  is  believed 
that  the  position  "'  tin'  longitudinal  crack  should  be  con- 
troll, .,1  bj  ((instructing  a  longitudinal  joint  and  the  adjacent 
slabs  held  in  close  contact  by  transverse  tie  bars.  The 
interior  corners,  being  held  in  cl08e  contact  along  the  lougi 
tudlnal  joint  by  the  transverse  tie  bars,  should  be  fully  as 
6afe  as  the  edge  corners.  The  shear  bars  along  the  edges 
should  also  be  continuous  in  order  to  take  care  of  comeri 
i  by  transyerse  cracks  regardless  of  their  posit  ion 
Figure  7  shows  the  thickness  of  slab  required  if  designed 
in  accordance  with  the  formulas  heretofore  given,  assuming 
a  -ale  working  stress  for  l:2:3Vi  concrete  in  tension  of 
200  lb.  per  square  inch.     The  upper  line   is   platted   from  the 

~3\V 
formula      d  x  and      the      lower      line      the      formula 


1 ' &  W 


d  = 


Tin-  result  of  our  fatigue  tests  although  not 


'tnplete  seems  to  indicate  that  a   working  stress  higher 

200   lb.    per   square    inch    may    be    safe    for   concrete   of 

the   quality   ordinarily   used    in   road   construction.     The   data 

BO  tar  ihat  a  single  %-in.  shear  bar  placed 

hbuig   .-ach    edge    of   the   pavement    may   not   be    100   per    cent 

efficient    in    making    both    corners    acl    oqualh     under    a    load 

applied  to  one  corner  only.     Tins  may  he  due  to  the  use  of 

a  heavy   coal   of  asphalt  on   the  bar.   which   has   been   the  prac 

tice  up  to  date.     The  yielding   of   this   more   or   less    plastic 

ij  !>■■  the  principal  cause  ol  this  trouble.    Experiments 

are    under    way    to    determine,     if    possible,    more    effective 

I  oi   transmitting  one-hall   ol    the   load   across   the   crack 

The  following  tests  bear  out  the  value  of  the  above  tormula 

for   use    in   designing   concrete    slabs   to   resist    corner    bn 

Example  1:   on  a  corner  formed  bj   an  open  crack  an  B.OOO 
dlj    by    means    ol    a    hydraulli 

Jack.     The   slab    was   6%    in.   thick.    1    2   ::\     mix,   and    about    I 

:•,  W 

old.      Fibre    BtreBS    ((imputed    by    the    formula    s= 

d- 

■  •    inch    'i  i: i  di  r  broke  under  the  76th 

application   of   the    load.      The   subgrade    had    I o    removed 

from   under  the   slab   after  the   80th   application 

aple  -  on  a  similar  corner  a  6,000  lb.  load  was 
applied  on  a  6'^-in.  slab  of  the  game  mix  and  age  Com 
i  ■    fibre    stress     128    lb     pet    square    inch       The    62nd    load 


broke  the  slab  The  jubgrade  was  a  sand  loam  and  had  not 
been    disturbed.      The    corner    broke    in    the    day    time    when 

the  subgrade  Bupporl  should  have  been  at  a  maximum, 

Example  :'•  \u  8,0  0  lb.  load  was  applied  in  the  same 
waj  to  a  corner  formed  in  a  construction  joint,    short  %-in. 

dowel  bars  were  in  place  across  the  otherwise  open  joint. 
Slab    thickness    4>4     in.    mix     1    2:3%,    age    ftboul     6    months. 

i  :.  w 
Fibre  stress  computed   bj    the  formula   8        -  is  666  lb. 

d 
per  square  inch.    Tin-  corner  b  Ighl   under  the  nth 

application    of    the    load 

By  means  of  the  Bame  outfit  the  behavioi  ol  several  hun- 
dred   other    corners    BUbjeCted     to    less     than     breaking     loads 

have     I n    observed        Using    strain    gauge     readings    as    a 

measure  of  stresses  we  have  i a  forced  to  the  conclusion 

that  under  average  conditions,  material  subgrade  Bupport  to 
corners    does    not    ejd   I 

The    Effect    of    Intensity    of    Traffic.      From    the    above    dis- 

on,  it  is  evident   thai   aide  from  traffli    accommodation 

Considerations,  roadways   of   a    width   such   that   under   normal 

traffic   conditions   frequent    turning   ofl    ami   on    the   slab   bj 

heavy   trucks   may   be  avoided,   are   much   to   be   desired. 

The  fatigue  experimen  to  indicate  clearly 

that    the    life    of    a    COncretl     -lab    ni.ii     he    long    or    short    de 

ag   upon   the  frequency    oi    the   pasBagi  great 

enough  to  stress  the  concrete  up  to  tittv  per  cent  or  more 
of    its    modulus    of    rapture        For    example,   our    fatigue    tests 

show  that  a  few  thousand  repetitions  ol  loads  sufficient  to 
stress   the   concrete    up    to    60    per   cenl    of    its   modulus   of 

rupture   cause   failure.      11    on    a    given    road    about    6,000    loads, 
sufficient   to  stress   the   concrete   to   this   figure   occur  during 
rat  month's   use.   the   slab   in   all   probability    would   fail 
the  first   month.     H    I  number  of  equal   weight  loads 

should  not  occur  for  several  years  it  is  entirely  possible 
that    the   lit.,   ot    the    pavement    might  be   indefinite,   as   un- 
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Fig.    7, 


doubtedl]  the  modulus  ol  rupture  would  have  materially  in- 
creased. 

In  the  light  of  the  Investigation  showing  the  marked 
warping  of  concrete  and  monolithic  brick  pavements,  due 
to  temperature  changes,  it  is  the  writers  judgment  that  such 
slabs  should  be  designed  for  a  corner  strength  sufficient 
to  reduce  the  fibre  stress  to  a  safe  limit  regardless  of  the 
character  of  the  subgrade  it  is  no  doubt  true  that  the 
higher  the  supporting  power  of  the  subgrade.  the  lower 
will  In-  the  fibre  stress  of  the  slab  under  day  time  applica- 
tions oi  load;  nevertheless  the  warping  of  the  edges  and 
comers  upward  at  night  i-  so  great  that  the  best  of  sub- 
giades  would  be  of  little  value  in  reducing  the  slab  stress 
under  night  applications  ot  maximum  loads.  Good  subgrades 
may  therefore  materially  prolong  the  life  of  a  pavement  bj 
ag   the  trequencj    Of  the  occurrence  of  critical   stresses 

in  such  case,  however,  the  occurrence  of  load  breaks  would 
be  merely  a  matter  of  the  intensity  of  traffic  at  nigln  and 
during  periods  when  the  pavemenl  is  least  supported  bj 
the  ubgrade  onle  thi  lab  I  designed  for  such  critical 
condlt  ion 
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Material  Inspection  Methods  of  Illinois 
Division  of  Highways 


1\  CLEMMER, 
Work.-,    and    B 


Publii     '■ 

With  the  introduction  of  the  immense  highway  building 
program  in  1918  which  called  for  hundreds  ol  miles  of  paved 
roads  involving  the  expenditure  of  millions  of  dollars,  Illi- 
nois was  faced  with  the  problem  of  securing  efficient  Inspec- 
tion of  road  materials.  So  satisfactory  has  this  problem 
been  solved  that  no  change  from  the  i  stem  is  men- 

tioned in  the  outline  for  construction  for  the  following 
which  calls  for  the  building  of  far  more  miles  of  paved  roads 
than   have  ever  before   been   built   in  one  year  by   any   State 
in  the   United   States  or  single  province  of  a  foreign  nation. 

Field  inspection  of  highway  materials  in  Illinois  on  a  large 
began   in   1919   when   construction    was     tarted    in    this 
Stati-    on    inter-state   roads    such    as   the   Lincoln,    Dixie.    Chi- 
ililwaukee,    .National    Old   Trails   and  Louis 

Highways.  Previous  to  this  time  the  testing  of  road  oils, 
asphalts,  paints,  creosoted  wood  blocks,  bricks,  steel  and 
cement  was  accomplished  by  a  small  but  efficient  staff  of 
engineers  at  the  Highway  Testing  Laboratory  in  Springfield. 
The  advent  of  construction  such  as  the  building  of  inter 
highways  necessitated  a  system  which  would  facilitate 
the  testing  of  thousands  of  cubic  yards  of  materials  in  the 
field.  To  meet  this  need,  inspectors  were  plated  over  differ- 
ent sections  of  the  highways  under  construction  to  travel 
back  and  forth  inspecting  the  material  as  it  arrived,  and 
make  reports  each  day  to  the  Highway  Testing  Laboratory' 
in    Springfield.     Cement    was    inspected    at  mills 

supplying  it  by  junior  testing  engineers  who  made  their 
tests  as  soon  as  the  material  was  loaded  and  immediately 
sent  the  reports  of  its  acceptability  to  the  resident  engi- 
neers. During  the  year  1919,  299,329  yd.  of  sand,  gravel  and 
crushed  stone  and  75L4S9  bbl.  of  cement  were  Insp 
with  exceptionally   good   results. 

In  1920  a  decided  change  in  the  method  of  inspecting 
aggregate  was  adopted.  Inspectors  instead  of  being  placed 
at  construction  sites  were  located  at  the  source  of  produc- 
tion. This  system  permitted  the  installation  of  inspection 
equipment  of  a  more  permanent  nature,  insuring  in  some 
degree  better  facilities  for  making  a  more  thorough  inspec- 
tion. Perhaps  the  greatest  advantage  in  adopting  the  "pro- 
duction site  inspection"  lies  in  the  fact  that  rejection  of 
,  unsuitable  material  at  construction  points  is  eliminated  and 
consequently  a  saving  in  time  and  expense  is  experienced 
by  the  materials  man.  the  contractor  and  the  State.  Though 
materials  producers  realize  that  specifications  must  I 
hered  to,  the  rejection  of  aggregates  after  they  have  been 
loaded  and  shipped  to  the  construction  site  produces  an  irri- 
tation which  does  little  to  promote  harmony  in  business  rela 
tions.  Illinois,  however,  was  not  led  to  make  this  change 
in  system  of  inspection  by  any  "good  fellowship"  feelings 
but  rather  by  the  benefits  which  she  herself  would  derive. 
Though  a  slight  increase  in  inspection  cost  was  noted,  sav- 
ings along  other  lines  more  than  eclipsed  the  added  expense. 
A  hastening  of  construction  was  apparent  immediately.  The 
materials  men  knew  that  when  the  car  of  material  was 
shipped  it  would  be  used;  the  contractor  knew  his  material 
passed  specifications  and  preparations  to  use  it  immediately 
upon  its  arrival  could  be  made  without  hesitant 
resident  engineer  could  carry  on  his  work  without  fear  of 
hurry-up  i  alls  for  inspectors  and  the  resulting  squabbles  of 
rejections. 

Under  the  new  system,  materials  from  tin  plants  in  Illinois 
and  neighboring  states  were  inspected.  Over  690.000  cu.  yd. 
of  sand,  gravel  and  crushed  stone  passed  the  tests  made  by 
the  inspectors.  During  this  year  inspection  was  carried  on 
at  nine  cement  plants,  1,281.537  bbl.  of  the  product  being 
tested. 

At  the  beginning  of  the  present  construction  season  an 
improvement  was  made  on  the  already  satisfactory  system 
of  inspection.  District  testing  engineers — men  with  consid- 
erable experience  in  highway  materials — were  permanently- 
located  at  district  engineers'  headquarters.  The  duties  at- 
tached to  this  office  are  to  supervise  the  work  of  the  inspec- 
tors in  the  different  districts  and  to  co-operate  in  every  re- 
spect with  the  district  engineers  in  their  efforts  relating  to 
materials.      The    testing    engineers    also    visit    construction 


sites,    confer    with    the    contractors    ami    sec    that    material 
troubles  are  cleared  up  in  a  quick  and  effii  ienl  manner.   The 

value  of  organization  was  truly  shown  when,  after  adjust- 
ment to  the  new  arrangement,  a  remarkably  smooth  running 
inspection  "machine"  has  resulted,  which,  strange  as  it  may 
sei  m,  has  proven  satisfactory  to  every  one  connected  with 
the  construction  of  Illinois  highways.  Inspectors  are  able 
ttle  small  difficulties  in  little  time.  Long  and  repeated 
correspondence  lias  given  way  to  tl  gram  or  card 

to  the  district    testing  engineer.     The   written   letter   was  re- 
placed  by  the  face  to  face  interview  which   brings  far  better 
results   and   leaves   behind   a    much    bettet    feeling.     District 
le   to  take  up  their   materials   troubles   with 
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QP/sfricf  Headquarters 
Pistrtcf  Sounabrves 
Map  Showing  Location  of  District  Testing  Engineers, 
one  person  instead  of  twenty.  The  testing  engineer  at 
Springfield  is  not  called  upon  to  settle  minor  troubles  at  a 
hundred  places,  but  in  conference  with  nine  men  he  con- 
trols the  inspection  activities  at  all  plants  furnishing  mate- 
rials. 

During  the  first  eight  months  of  this  year  over  650.000 
CU.  yd.  of  aggregates  were  inspected  for  use  in  Illinois  high- 
ways. This  material  came  from  80  different  plants  in  Illi- 
nois and  surrounding  states  Cement  aggregating  over  910,- 
000  bbl.  was  also  tested  during  this  period  of  time  by  junior 
testing  engineers  located  at  12  different   mills. 

It  would  appear  that  inspection  as  thorough  and  on  such 
a  large  scale  as  carried  on  by  Illinois  could  not  be  econom- 
ically maintained.  A  careful  accounting  of  the  costs  of  in- 
spection during  1920  was  made  and.  including  the  labora- 
tory expense,  was  found  to  be  a  trifle  less  than  .7  of  1  per 
cent  of  the  construction  costs.  This  year  a  slight  increase 
is  expected,  but  it  is  thought  that  the  most  liberal  estimate 
will  still  keep  the  costs  under  1  per  cent  of  the  construc- 
tion expense.  With  inspection  as  efficient  as  maintained 
at  present,  such  an  expense  is  easily  justifiable. 

The  advantages  of  inspecting  material  at  the  source  of  its 
production  were  so  pronounced  that  it  was  decided  to  at- 
tempt   this    method    in    inspecting   steel.     An    inspector   was 
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Btatloned  In  Chicago  earl]  In  the  spring  of  this  year  and 
nits  of  tiis  work  wen    .  Bucb  an  extent 

that  the  department   !kis  maintained   this   Bystem   of   li 

tion  throughout  the  year,  and  Intends  to  continue  it   in   the 

particular^ 
:  w  nil  Hi.    pi  diffit  ulties  I 

entlj   .'.'as. m1   in  t!..  -  onstrut  tion 

..lis. 

The   Buccess  of  Illinois  i    Ifl    baaed 

measure,  upon  the  type  ol   Inspector  and 
bad  and  gets  before  be   I     sent    in  the 
oicall]    trained   men   make  up  th<    greater  part    ol  1 1 1 •  ■   Beld 
ethei    these    men    an  '    thi  s 

must  have  one  qualification  which  bas  proven  to  be  essential 

lalitj       \i   its  best,  In 

in  work  is  of  a  nerve-trying  nature  witb  the  materials 

•   the  disadvantage  To  be  able  to  reject 

,1  and  still  with  the  men  in  chargi 

characteristic    which   an   inspectoi    In    the    Bureau   of   Tests 

of  Illinois  m 

in  spit.'  of  what  engii ring  development  a  man  maj 

had,  when  he  cornea  to  this  department  he  must  go  through 
..i  training  b<  ton  he  is  placed  on  a  Job 
This  training  occupies  a  week  and  is  carried  out  in  the  lab- 
oratory  at  Springfield.  A  thorough  course  of  inspei 
Involving  difficulties  which  may  com.  up  in  the  field,  labors 
tory  ami  construction  site,  is  given  each  prospective  inspec- 
\  knowledge  of  the  Bystem  ol  records  is  also  required, 
as  well  as  tlu>  making  up  of  daily  reports.  After  the  course 
of  training  has  been  completed,  a  rigid  examination,  which 
includes  the  various  pha  'ion  work,  is  given  the 

candidate,  a  passing  grade  must  he  obtained  before  any 
person  is  retained  as  an  inspect,.!  When  a  new  inspector 
goes  into  the  field,  the  6  ng  engineer  stays  with 

him   until   he   is   quite   familiar   with    the   work. 

In    testing   aggregates    at    the    plants,    samples    of   the   nia- 
terial  >m  each  car  to  he  shipped.     These  samples 

are  given  a  mechanical  analysis,  a  silt  analysis  and  a  visual 
inspection.  The  mechanical  analysis,  made  with  standard 
screens,  determines  the  gradation  ol  the  aggregates.  The 
visual  inspection  la  mad.-  for  the  purpose  of  "spotting"  shale. 
shells  and  other  soft  material  Each  inspector  is  required 
d  in  to  the  main  office  B  dallj  report  on  material  in- 
spected and  shipped.  The  report  contains  the  results  of  the 
tests  made,  the  quantity  Oi  the  material  shipped,  the  source 
of  its  production  and  the  contractor  to  whom  the  material 
-igned.  These  reports  are  made  up  in  triplicate  form; 
one  to  go  to  the  main  office,  one  to  the  district  engineer  and 

ird   to  the  resident  engineer   lion   to  which 

l  pon    receipt    of   the   report   the 
ni.er    fills    out    that    portion    of    the    report    which 

ection   number,   th untj    and   the   route 

where  the  material  is  to  be  used. 

Working   in  conjunction   with   the   field   force   of   inspectors 
testing  department  of  the   laboratory   at   Springfield. 
Ions  to  the  placing  of  the  proper  equipment   at   produc- 
and   the   locating  of   inspectors   at   these   places, 
the  laboratory  was  called   upoi  '    material  of  which 

there  was  the  slightest  doubt.  Under  the  new  system  only 
special  cases  of  testing  are  handled  in  the  laborator>  At 
the  opening  of  any  new  wel   pit.  stone  quarry,  or 

cement   mill    which    is   to    furnish    material    for    Illinois   high- 
samples    of    the    product    are    thoroughly    tested    in    the 
laboratorv       Also   at    the    beginning    and    at    the    end    ol    each 
construction   season,   sample-   from   all   plants   which   supplied 
1..1  during  the  year  are  given   "quality   tests."     These 

:,,1    ami    gravel,    in.  hole    sieve    analysis. 

ting,    wearing   qnalil  ontent,    and 

other  I  '"  i  Ifii   gra\ 

cementation   value. 

Or   soundness. 

time  of  -et.  finem  :"  k"i>t 

m   a   permanent    record    hook,  and    sen,-   as   checks    on    the 

quality    Of    material     produced 

Fabricating    Shop    Contracts.     Tie  the    Bridge 

Builders'  6  Structural  Socli  illected  by  its 

•    during   the    in,, nth    ,,f   January,    1922, 

of  fabricated  -inn  tural 

throughout  the  United  states,  equivalent  to  10  per  cent  ,>i  the 

of    the 


Recent   Developments   in   Road    Con- 
struction Details 

New  Features  in  Highway    Building   Outlined   in 
Paper   Presented   at   Omaha  Convention  of 
American  Association  of  State  High- 
way Officials 

Bj     'II  Wil.KS     \1      I    I'll  \m 

i  .     hwaj   I  lommlBslon. 
Half-Width    Roads.     The   construction    of   half-width    mads 

irdlj     he    call-  a    found    that    this 

method    maj    he  followed   ami  re  ults  obtained. 

This  development   of   ro  the   traffic 

from  the  long  rough  detours,  which  are  very  often  present  In 
road  construction,  and  makes  the  road  available  for  traffic 
during  construction. 

This  method   has   heet,   utilized   satisfactorily   in   the  case  of 

tie-  construction  of  the  bituminous  type  pavements,  and.  in 

a    few     instances,    it    has    brought    about    good    results    in    the 

construction  or  water-bound  macadam,  but  it  i-  generally  used 

in    concrete    road   const  lie  I 

Where  ibis  road   Is  coi  'I  for  a   heavj    dutj    road,  it 

is  very  often  heavily  reinforced,  and  each  half  of  the  read  is 

kept     separate    and    apart     from     'be    other    half,    BO    that     the 

complete  pavement  reallj  c il  is  of  two  Btripa  of  pavement 

laid  side  b;  side,  in  thia  method  of  construction  the  heav) 
reinforcement  is  longitudinal,  and.  on  account  of  the  center 
line  joint  taking  up  the  vertical  movement  of  the  pavement, 
tliu-  eliminating  any  longitudinal  cracking,  and  the  trans- 
....  cracking  is  decreased  to  a  minimum,  even  in  the  part 
,t  th,   country  that  is  subjected  I,,  heavy  frost. 

In  other  instances  tie  tods  have  been  used  to  tie  the  two 
strips  of  pavement  together.  This  method,  however,  intro- 
duces difficult  details  In  construction,  and  at  the  present 
time  has  shown  no  particular  advantage  over  the  other.  The 
practical  advantage  of  the  longitudinal  joint  is  in  the  fact 
that  the  construction  joint  is  easily  maintained,  and  is  not 
especially  objectionable  in  appearance,  while  a  jagged,  irreg- 
ular longitudinal  crack  is  difficult  to  maintain,  and  is  very 
unsightly  in  appearance. 

In  some  states  this  longitudinal  or  center  line  construction 
joint  is  provided,  even  though  the  pavement  is  constructed 
in  one  operation,  the  advantage  being  the  same  as  when  the 
pavement  is  constructed  in  two  sections. 

Widening  Old  Macadam.  Another  recent  development  is 
the  widening  out  and  the  reclaiming  of  old  macadam  roads 
by  building  a  strip  of  bard  surface  pavement  on  each  side 
of  the  macadam,  (in  either  Bide  Of  the  old  macadam  road 
varying  from  5  to  ltl  ft.  in  width,  there  is  placed  a  strip  of 
concrete  pavement  from  9  to  la  ft.  wide;  these  strips  being 
sometimes  reinforced.  This  method  furnishes  a  compara- 
tively wide  pavement,  and  renders  useful  a  road  which  would 
Otherwise    he  too   narrow    I,,   be  of  any    service   to   Hath, 

Increasing  Amount  of   Reinforcement   in  Concrete   Roads. 

\nother  development  In  r 1  surfacing  has  been  the  gi 

tendency  to  increase  the  amount  of  reinforcement  in  concrete 
roads 

only  a  short  time  ago  many  engineers  were  reinforcing 
their  mads  with  metal  wiring,  approximately   26  to  21  lb.  to 

1 ,     ti        At    the    preBenl    lime    it    is    a    common    practice    lo 

use  approximately  three  times  this  amount,  with  the  ten 
dencj  to  still  further  increase  the  weight  of  material.  The 
Specifications  of  North  Carolina  for  1922  win  undoubtedly 
,aii  lor  metal  amounting  io  nearlj  100  n>.  for  each  100  s,|  ft 
This  has  effected  a  large  economical  advantage  in  the  cost 
,,i  roads,  which  has  brought  a  reinforced  concrete  surface  to 

the  i i'    where  the  change     In   reinforcements  are  not   left 

to  ti,,    imagination     The  present  pie.    ,,i     teel  ha-  mad,-  it 

,,,,      ,|,1,     I,,    i  ■  i,  rable    saving    in   dollars    bj    th.     ,,,n 

Hon   oi    i  ti  inn.  i   concrete   pavements      wTiere   reinforce- 

has    been    used    In    most    cases    the    road    has    I n    con 

Btructed  of  a  universal  thickness,  this  also  affording 
Biderable  sai  Ing  ot  concrete 

Batch    Transfer    and    Central    Mixing.      .Much    progre 

:..  i  i,  made  In  the  methods  ol  laying  concrete  pavement  .  thi 
tendency  being  not  to  adlou  concrete  materials  to  be  placed 

,,,,    thi  lb.     batch    transfer   method    is    now    h,  rem 
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ing  a  standard  form  of  construction.    Tin    method  has  ; 
economical,  in  most  instances,  and  capable  of  large  yari 

There  have  been  many  combinations  of  'his  method,  such  as 
hauling  by  industrial   railway    with    thi  ce      Carried 

upon  tiie  railway  cars,   as  well  as  the  motor  truck  hauling 

with  the  hatch  boxes  loaded  cm  the  truck  .  ;md  the  trucks 
being  provided  with  batch  compartmenl  I  >me  instances 
the  hatches  have  been  hauled  a  portion  oi  11,.  distance  bj 
trucks  and  transferred  to  industrial  railway.  'Phis  has  proven 
.,  very  economical  combination  In  man;  cases. 

The  central  mixing  plant   for  concrete  pavements   is  now 
commending   Itself   on   many    projects,      in    must    cast      the 
ready-mixed  concrete  is  hauled  to  the  construction  bj   means 
Of  trucks.     The  onlj    detail   in   this  method    which  can   bi 
sidored  questionable  at  this  time,  is  the  transferring  o 
concrete  from  the  trucks.     It  is  possible  in  manj    ca  es  that 

is  a  segregation  of  aggregates  and.  no  doubt,  this 
must  be  overcome,  but  this  method  of  construction  is  hound 
to  gain  in  popularity  from  year  to  year. 

In   a   few    instances    engineers    are   calling    tor   a    piece   of 
bituminous  surface  road  to  be  constructed  on  1:2:4  concrete 
and  requiring  that   the  concrete  base  be  properlj    cun 
called   for  in  concrete  surface,  for  a  period   of  at    lea   I    two 
weeks. 

Covering  Green  Concrete  Pavements. — For  a  long  time  the 
.tiring  of  concrete  pavements  has  been  neglected,  and  it  is 
only  recently  that  this  detail  of  construction  has  been  given 
the  proper  attention.  One  of  the  most  important  develop- 
ments which  has  been  brought  about  recent  h  i  He 
the  burlap  covering   in  the  early  curing  of  concrete  surface. 

The  finished  pavement  is  covered  with  strips  oi  burlap. 
approximately  4  ft.  in  width,  and  extending  the  entire  width 
of  the  pavement.  This  burlap  is  kept  wet  and  then  placed 
on  the  finished  concrete  surface  from  about  10  to  20  ft.  back 
of  the  finishing  operation.  The  slight  marking  of  the  surface 
from  the  burlap  is  negligible. 

The  burlap  should  never  be  allowed  to  dr\  out  and  thus  the 
concrete  does  not  lack  the  necessary  water  Cor  hydrating 
in  the  early  periods,  a  condition  which  has  often  existed  in 
the  other  methods  of  curing  concrete  roads. 

I  consider  that  this  is  one  of  the  greatest  devi  lopmenl  Ol 
details,  and  one  which  has  actually  improved  the  lasting 
quality  of  concrete.  As  soon  as  the  road  surface  b( 
hardened  the  burlap  is  rolled  up  and  ready  for  the  next 
work,  while  the  concrete  road  surface  ii  covi  red  with 
earth,  sprinkled  and  wet  in  the  usual  manner. 

Riding  Qualities  of  New  Road. — Many  specification  in 
now  including  regulations  as  to  the  riding  qualiti 
ness  of  the  concrete  road  surface.  Ordinarily  this  cannot 
be  tested  until  the  next  day  when  the  concrete  lias  hi 
sufficiently  to  bear  one's  weight.  Recently  there  has  been 
an  appliance  invented  which  consists  of  an  extremely  light 
straight    edge,    which    may   be    fastened    to    the   end    of    two 

les   in  oriler  to  reach  out  to   the  road   surfaci     and 
the  surface  before  it  has  become  hardened. 

Curing  Concrete  Pavements. — Many  other  experiments 
have  been  carried  out  in  the  detail  of  curing  concreti 
ments,  but  no  definite  results  have  been  obtained,  one  state 
has  used  calcium  chloride  in  solution  applied  on  approxi 
mately  1  in.  of  earth  covering.  Another  method  tried  has 
been  the  covering  of  the  concrete  surface  with  a  heavy  as- 
phaltic  oil.  The  oil  was  applied  to  the  road  in  the  propor- 
tion of  about  6/10  gal.  per  sq.  yd.,  and  in  two  weeks'  curing 
period  the  asphalt  was  peeled  off  and  again  used.  No  defl 
nite  recommendation  is  made  at  the  present  time  in  regard 
to  this  method. 

Another  extraordinary  experiment  has  consisted  of  the 
oiling  of  the  subgrade  preparatory  to  the  laying  of  thi 
crete  pavement,  the  object  being  to  prevent  mud  during  the 
light  showers.  It  has  been  found  that  when  the  light  truck  is 
used  this  oiling  proves  to  be  a  considerable  advantage,  and, 
no  doubt,  the  oil  offers  some  assistance  to  the  stabilization  of 
the  subgrade. 

Steel  Bar  Reinforcement. — While  for  a  long  time  it 
been  customary  to  use  wire  fabric  in  the  reinforcement  of 
concrete  highways,  steel  bars  are  occasionally  used,  and 
while  there  has  been  no  development  in  regard  to  the  use 
of  this  fabric  reinforcement,  there  is.  however,  a  change  in 
the  method  of  using  steel  bars.  The  new  development  con- 
sists of  making  these  bars  into  a  mat.  consisting  approxi- 
mately of  10  to  14  bars  transversely,  and  about  5  bars  longi- 


tudinally.    The  mat   is  then   wired   together  ami   handli 
Inforcement 

The  use  of  dowels  at  the  Han  i/ei  I  construction  Joint  can 
hardly  be  considered  as  new,  as  this  method  has  been  cat 
tied   on   tor   several   years,   and    found   to   be   very   satisfai 

in  overcoming  tie-  tendencj    oi   one     lab   to   rise  above   thi 

other. 

Inothei  method  in  construction  detail  ii  the  installation  of 
fibre  conduits  placed  transverselj  across  the  road  at  various 
Intervals,  especially  through  small  towns  and  villages.    It  is 

the  function  of  these  conduits  t.>  brovidt    a   i oi 

,■  iter  and  electric  wiring  to  cross  the  road  without   do 
it  necessary  to  break  up  the  pavement 

Bituminous  and  Brick  Developments.  In  the  con  traction 
of  .-.beet  asphalt  surfaces  there  is  a  tendency  to  be  mori 
!  in  the  grading  of  sand  aggregates,  and  the  use  of  a 
lower  penetration  asphalt.  There  is  also  ;m  inclination  to 
use  a  3-wheel  roller  in  compacting  the  sheet,  asphalt  surface. 
While  ibis  is  not  absolutelj  uew,  its  use  has  never  been 
universal. 

Another  mw  development  is  in  the  combining  of  a  bindei 
course  and  sheet  asphalt  surface  in  the  one  course,  which 
virtually  consists  of  a  stone-filled  sheet,  asphalt;  the  stone 
ising  from  :;.")  to  60  per  cent  oi  the  entire  surface.  When 
this  surface  is  used  no  bindei-  course  is  laid,  ami  thi  111 
face  is  compacted  as  an  ordinary  asphaltic  concrete. 

Recent  developments  in  brick  pave nts  have  shown  that. 

the    vertical    fibre    brick    laid    on    a    m Ic    base    and    sand 

cushion,   grouted    with   a    bituminous    material    i     capable  of 

withstanding    I  hi     I  a  I  ..cos   of  traffic. 

"Progressive  Type"  of  Road  in  North  Carolina.  Thi 
ings  of  the  Subgrade  Committee,  of  which  Senator  du  Pont 
is  chairman,  have  shown  tiiat  tin  traffic-bearing  properties 
of  the  pavement  depend  greatly  upon  the  stability  of  the 
subgrades,  and  that  the  subgrade  can  be  greatly  stabilized 
by  being  mixed  or  covered  with  a  non-capillary  material, 
SUCh  as  sand,  gravel  or  top  soil.  This  has  led  to  the  develop 
ment  of  what,  in  North  Carolina,  has  been  termed  the  "Pro 
hi  Type"  road,  which  consists,  first,  of  the  grading  of 
I  In-  road  and  the  building  of  drainage  structures,  and  then 
Surfacing  with  a  non-capillary  material,  such  as  gravel,  sand, 
clay  or  top  soil,  which,  in  truth,  is  nothing  more  than  the 
construction  of  a  subgrade  highway  for  a  future  constructed 
bard  surface  pavement.  This  can  be  maintained  as  a  lib 
grade  highway  for  medium  traffic  at  a  reasonable  cost,  and. 
when  occasion  demands,  it  can  serve  as  a  high  hearing 
value  subgrade  for  any  type  of  surface  desired.  This  method 
of  construction  means  that  all  previous  steps  in  the  con 
tiintion  have  been  preserved  and  that  tin  completion  of  a 
hard  surface  road  is  merely  an  addition;  there  being  no  eco 
nomic  loss  whatever,  due  to  the  fact  that  the  previous  work 
is  incorporated  into  the  completed  hard  surface  road. 

Waterproofing  Sand-Clay  on  Top  Soil  Roads.  I  would  not 
consider  this  paper  complete  without  describing  one  of  the 
new  methods  we  are  trying,  and  which  promises  to  be  wry 
satisfactory  in  the  treatment  of  constructed  subgrade  high- 
ways, now  being  utilized  as  roads,  and  in  the  treatment  ol 
top  soil  or  sand  clay  roads.  Many  states  are  situated  sim- 
ilarly to  North  Carolina  to  the  extent  of  having  ■'  large  mile- 
age of  sand-clay  top  soil,  or  gravel  surfaces. 

There    has    been    much    experimenting    in    the    attempt     to 

secure  a  bituminous  material  which   would  satisfactorily   prt 

-  rvi    this   type  of  road  surface.     It  was  generally  found  that 

numinous   material   sufficiently   light   to   penetrate    this 

ci    would  have  practicallj   no  binding  qualities,  ami  that 

any   bituminous    material    sufficiently    heavy    to    have    binding 

qualities  would   form  a   mat   on  the   top  of  the  r 

and  soon  peel  off,  due  to  the  dusting  of  the  road  surface 
directly  underneath  the  bituminous  covering.  The  weak 
point  in  this  treatment  was  not  in  the  bituminous  blanket 
but  in  the  contact  of  the  bituminous  blanket  with  the  road 
surface. 

North  Carolina  is  attempting  to  develop  a  method  which 
will  correct  this  weakness,  and  provide  a  contact  between 
tie-  bituminous  covering  and  the  road  surface.  The  method 
consists  of  softening  the  road  surface  by  means  of  sprinkling 
and  then  rolling  into  this  surface  broken  stone  or  gravel  of 
approximately  1%  in.  in  size.  After  this  has  become  thor 
oughly  imbedded  in  the  top  soil  or  sand-clay  it  is  allowed 
to  dry  out.  and  subjected  to  traffic  for  a  short  period,  after 
which   it   is   swept  clean  by  brooming. 
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1921    Road   Construction  in   Illinois 

My    It.    H     PIEPMEIER, 

l  ■,,!.!  i     \\  .  .  . 

The    illustration    Bhows    the    total    amount    <if    road    work 

atracl  and  bulll  in  niinois  during  1921.    The 

graphically,   l >>    weeks,   the   progress   made    In 

ii   will  be  noted  thai   the  Brst   pavement  was 

laid    in   April.     Under   normal   seasonal   i  Lpril    is 

the   tir.-t   month  In   which   pavement   can   be  laid   in   Illinois. 

tea   thai    it    is   possil  le    to   gel    in   approxl- 

i   work   iii  this  latitude      Consi  I 

■  weather  conditions  and  other  causes,  (he 
mi   time  thai  any  one   mixer  can   be  operated   is  ap- 
proximate!]   120   (lays. 

Ol  the  102  independent  pavers  used  in  the  state  during 

,K    paver    was    operated     \2\>    days;     two    were 

d  i-i  days;  two  105  da]  ■   ai  d  the  remainder  less  than 

100  day-      Fiftj  per  cent  was  of  the  i  bag  or  21  E  type.    The 

•     of  this  type,  considering  all  jobs  and 

all  days  on  which  the  mixer  was  operated,  was  371  ft.  per  day. 
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A    lew    special    records    were    made.      In    mie    instance    a   28-E 

b  iure,  laid  1,484  ft   ol  16-fl    pavement, 

i      yd.      In    another    instance,    two    differenl     COD 

nlghl   and  da]    shift   with  a   81-B  paver   I 

-proximate!  ,1       The    two   contractor 

inc  tie  everal  weeks'  run  of  i  mile  per 

v.ii-k.  working  double  shifts. 
During   1922  thi  ns   win   not  permll    materials 

to   be   dumped    on    thl 


Business  Is  Better  and  Will  Continue 
to  Improve 

The  following   is  an  abstract   Of  an  article   li\    Bruce   Barton 

in  the  American  Magazine  for  March.    The  article  is  based 
on  .hi  Interview  with  Henrj   S.  Dennlson,  president  ol  a  man- 
mi;   linn    that    deal      with    50, business   bou 

Unerlcs   and   abroad.     Mr.    Dennlson   has  twice   been   presi- 

''' ■'"   of  the  Taylor  S ty,  and  is  one  of  the  tew  bu 

men   who   foresaw    the   <  presslon   thai    began   two 

years  ago     He  t'dis  how  he  was  able  to  forecast  it.  and  whj 
he  now  belle vi  the  upswing  ot  the  cycle. 

Mr    Dennlson  saiii 

\\  i    manufacture   shipping   tags   which  ari    used   by   pro- 
ducers.  Jobbers,   retailers   and   private    Individuals   in   every 

town   and    for  every   conceivable    purpi  ilea    records. 

reBection   of  general   bu 
ty;   they  siiow   Immediatel]   whether  people  are  buying 
goods    and    Bhlpping    them    by    freight    and   expri  Uong 

conn-  the  first  faint  thunders  ol   a  crisis;   the  more  cautious 
folk  stop  placing  orders    and  iow    a  decre 

comparison    with    the   Bame    period    i 
Week   by   week  the  decline   in  our  Bales  contlnu 
are  net    panic-stricken ;    we   know  there   is  a   botl 

curve,  and  we  know  Ben  II  iched. 

if  the  preceding  prosperit}   wave  was  a  full  one,  the  bottom 

of   the   downward  curve    will    be   reached    in   about    

Then    .1    gradual    improvement     will    set    in;    but    not    until 
thirteen  months  or  mon  II  .  .  ^in  to  show 

healthy   increases  again       All   this   is   made  clearer   if  you   will 

look  at  the  accompan]  in) 


How    Long    It   Takes   to    Get    Over   a    Panic. 
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These  figures  ar.    ft  the  D  nnison  Manu- 

■  r  column  show   the 
number  of  months  that   •  lapsed  between   the 

t  ime  whi  n  thi  egan  to  show  di    • 

and    the    time   when    the    percentage   "f   decrease   was   me 
The    right-ha     .    column    shews    the    number    of 
months  that  elapse*  n  the  time  when  sabs  bi 

re<  iver  and   thi  thej    began,   again,   t"  gain  on 

Is  of  the  lati 
In  the  present  depress  the  Bales  "f  the  company  began 
t.i  fall  off  In  November,  1920,  and  began  t..  Bhow  signs  of 
recovers  about  the  latter  part  .>f  the  summei  of  1921  w  ■ 
are  new-  on  the  upward  curve  of  the  cycle,  on  mir  way  t,. 
normal   business.      Thl  •■    ..f  two  kinds,   major  anil 

how    to    anl 
•   i  ho  ■  n  diet   iti.ir  Ii  ngth. 


"Panics  come  dQagufked  under  different  sets  ol  circum- 
stances; they  assume  different  names  there  was  the  'rail- 
road panic'  of  1884.  and  the  'Baring  panic'  of  1890,  and  the 
'Roosevelt  panic'  of  l'.»>7  They  put  on  false  whiskers  and 
false  names;  but  when  you  have  stripped  them  of  all  dis- 
guise they  stand  revealed  as  tirst  cousins.  No  one  of  them 
has  anything  fundamentally  new  or  different  to  present;  most 
of  them  run  the  same  course  within  a  very  limited  range  of 
variation  abonl  one  year  from  top  to  bottom  and  another 
year  to  the  next  wave  of  prosperity. 

"So  we  gel  back  to  the  question  which  you  asked  at  the 
beginning:  Why  It  was  thai  away  up  here  in  Kramingham 
We  should  have  been  abb-  In  call  the  turn  on  the  situation 
rly  as  January,  1920?  The  answer  is  that,  being  thor- 
oughly persuaded  of  the  soundness  of  the  cycle  theory,  we 
avail  ourselves  Of  every  bit  Of  information  that  can  possibly 
enter  Into  a  business  forecs  I  Among  ether  things,  we  have 
evolved  this  general  rule,  which  is  worth  remembering: 

"When  you  are  in  11  period  of  moderate  prosperity  you  can 
look   for  some  son   of  a  change   In   from   is  to  i'4   months; 
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when  you  are  in  the  mi. 1st  o!  a   riot   ol    pro  perlty,  bucd  as 
marked  the  closing  months  of  1919,  you  can  look  i 
jia  in  about   12  months. 
-it  was  on  iii"  basis  ol  thi    simple  rule  ol  thumb  thai 
began,  watchfully,  in  January,  1920,  to  get  readj   tor  a  break 
in  prices;   and  when  it  came   in   Noveml        II    tound  us  pre- 

At  iliis  poinl   I  asked  Mr,   Dennison  a  tions: 

"Your  business  has  passed  through  ti  n  i  rises,"  1  remarked 

"Mow  m.i ii \    more  will  it   probably  pass  tl gli   in  the  next 

twenty  five  years?     i>r.  pul   it   another  wa>        Suppo  i    a  man 
Is  somewhen      letween   25   and   35   todaj      tie   has  a    normal 
Mow    nun'    crises  will  he  en 
counter?     How  ran  he  sense  their  comin  turn  them  to 

advantage,  instead  of  being  bowled  over  bj  them?" 

■•it's  too  ba  aol   answer  those  qui    tions   in   exacl 

detail."  Mr.  Dennison  answered  with  a  smile.  "If  we  could, 
we  should  have  an  almost  infallible  formula  tor  acquiring 
wealth,     ran   it   is  worth  while  to  keep  in  mind  this  general 

theorj     thai    there  are   two  cycles,  one   c i  ponding    with 

the   wa  ea  and   thi    other  with  the  broader  tidal 

movements.  Thus  we  have  the  minor  cycles,  which  have  an 
averag  years,  and  the  major  cycles, 

which  seem  to  consist  of  from  seven  to  ten  years  o    i  enerally 

good   times   and    seven   to   ten    years   of  less    pro    pi 

••Thus  the  years  between  1890  and  1896  were  hard 
and  hence  the  minor  cycles  brought  severe  depression  in  1893 
and  1896.  The  years  between  1N97  and  1907,  on  the  Other 
hand,  were  good  years;  and  therefore  the  minor  depressions 
ol  L900  and  1903  were  barelj  noticed  by  must  of  the  busi- 
nesses of  the  world.  Again,  from  1907  lo  1915  times  were 
poor.  The  crisis  at  the  end  of  1907  (which,  by  the  waj  wai 
definitely  forecast  by  students  of  the  cycle  theory)  was  sharp 
and  severe;  and  the  rise  of  the  next  cycle  was  so  •"mall  that 
there  was  little  distance  to  fall  in  1911;  but  1914  brought 
another  severe  depression,  which  was  cut  short  by  the  war 
boom. 

"So  your  young  man  with  35  or  40  years  of  active  life 
before  him  will  probably  see  the  complete  round  of  two  major 
cycles,  including  four  or  live  short  cycles  bringing  intense 
business  activity,  and  four  or  five  bringing  severe  depres- 
sions. In  other  words,  the  definite  opportunity  to  make  or 
to  save  money  will  be  offered  to  him  eight  or  ten  different 
times  before  he  becomes  too  old  to  work.  If  he  keeps  his 
head  when  prices  are  rising,  and  reminds  himself  that  pros- 
perity does  not  last  permanently,  he  will  save  a  surplus 
and  have  it  ready  to  invest  when  the  curve  dips  down  and 
securities  pass  from  the  hands  of  the  shortsighted  into  the 
hands  of  those  who  study  the  facts.  If,  on  the  other  hand, 
he  merely  takes  things  as  they  come,'  he  is  likely  to  spend 
his  life  in  being  alternately  lifted  and  dipped  by  the  waves, 
but  without  being  carried  any  nearer  the  shore  of  ultimate 
independence. 

"There  are  three  very  definite  rules  that  your  young  man 
ought  to  lay  down  for  himself  it  seems  to  me: 

"First  of  all.  he  should  begin  right  now  to  make  himself 
thoroughly  familiar  with  trends  of  business,  as  reflected  in 
business  statistics  and  the  day's  news.  It  is  not  enough 
for  him  to  know  the  facts  and  figures  of  his  own  concern  ; 
Bpeclal  conditions  may  throw  one  or  more  kinds  of  business 
out  of  line  for  a  certain  period  and  make  their  figures  value 
less.  Nor  it  is  enough  merely  to  study  the  general  theory 
of  cycles;  for  the  theory  is  still  far  from  fully  developed, 
and  those  who  know  most  about  it  are  most  careful  to 
round  their  predictions  with  its'  and  'huts.'  No,  your  young 
man  must  form  the  rare  habit  of  studying  the  facts  from 
day  to  day,  and  forming  his  own  conclusions. 

"He  will,  of  course,  study  the  weesiy  statement  of  the 
Federal  Reserve  Bank,  and  will  remind  himself  that  when 
the  bank  statement  shows  its  biggest  figures,  it  means  that 
everybody  is  borrowing,  prices  are  booming,  and  the  strain 
on  the  nation's  credit  is  growing  greater  every  week.  Winn. 
on  the  other  hand,  the  banks  are  full  of  money,  it  is  because 
business  transactions  are  reduced  to  a  minimum.  That  is  the 
time  to  look  for  cheaper  money  and  a  beginning  of  the  up- 
swing. 

"He  will  watch  the  reports  of  labor  conditions  and  the 
bulletins  of  strikes  in  various  parts  of  the  country.  When 
strikes  are  at  their  maximum  he  will  know  that  the  up-swing 
is  almost  over;  for  strikes  come  most  frequently  when  prices 
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have    been    rising    for    some    tim  ■     ,!.    and    de 

mand    are  most  pressing. 

■  1 1,    w  ill  follow  carefully  the  incri  ecrea       n  build- 

ing permits,  New  building  stops  when  i  panii  hits  us.  ami 
building  |ci  mits  usually  begin  to  ness  la 

still  dragging  bottom    an  indication  that   I  ed  are 

taking  advantage  of   the    low    i and    getting   readj    tor 

better  tlnjes. 

"Finally,  he  will  be  irerj  much  interested  In  the  number  of 

business     failures     reported     bj        0  I  [encles     each 

w eek      Everj    business  failure  •- pread 

the  weekly  report  of  failures  is  at  a  maximum  the  pessimism 

oi   the  crowd  is  deepest       ["he  wise  man  knows  that   this  is; 

the  time  to  take  hope-  The  weal  ovei  expanded  concerns 
leen  eliminated,  Inventoriei  have  been  liquidated,  bank 
paid  up,  and  the  country  is  getting  ready  for  i ther 

period   of  Bound   progress.     On   the  contrary,   when  business 

failures  fall  to  the  vanishing  poinl  and  optimism  reigns  su- 
preme, the  wise  man  will  begin  to  get  out  his  umbrella. 
When  nobodj    fails   It    means  that  prices  are  going  up   so   fai  I 

that  even  the  most  foolish  are  making  monej      That 
time  to  be  afraid. 

"Little  bj   little,  of  course,  as  more  and   more  men   under 

stand  this  alternation  of  action  and   reaction,  the  swings  of 

thi    pendulum  will  grow  a  little  less  violent.     Ultimately,  we 

to   be  able   in  trim   the  curve  at   the   top  and    bottom 

considerably,  and  get  rid  of  a  great   mass  of  i dless  suffi  r- 

ing  in  consequence,  if.  when  puces  are  leaping,  every  busi- 
ness man  would  restrict  his  purchases  a  little,  if  every  sales 
manager,  instead  of  encouraging  his  customers  lo  bid  against 
each  other,  would  be  content  with  smaller  but  more  sensible 
orders,  then  we  should  come  into  the  bail  time:,  with  mailer 
inventories,  factories  could  keep  running  more  nearly  on  full 
time,  there  would  be  less  unemployment,  hence  less  reduc- 
tion of  the  purchasing  power  and  a  far  more  rapid  recovery. 

"The  governments — national  and  slate  and  local  ran,  ami 
should,  render  very  great  aid.  What  happens  now  is  this: 
When  the  prices  of  materials  are  at  the  top,  when  labor  is 
scarce  and  dear,  the  Government  enters  the  market  and  bids 
the  prices  up.  It  elects,  at  that  worst  time,  to  build  our 
roads  and  drain  our  swamps,  and  put  up  our  new  court  houses 
and  post  offices.  Suppose  the  Government  kept  out  of  the 
market  all  it  could  at  that  time;  suppose  it  put  part  of  its 
tax  money  into  the  banks  and  waited  for  the  dull  period. 
Suppose,  when  times  are  at  their  worst,  it  should  step  for- 
ward with  several  millions  or  billions  of  dollars  for  new 
construction  work,  creating  a  demand  for  steel  and  stone, 
and  an  opportunity  for  thousands  of  men  who  would  other- 
wise he  unemployed.     What  a  difference  that   would  make!" 


Engineering  for  Primary  Roads  in  Iowa  Cost  5.91  Per  Cent. 
— Primary  road  engineering  for  Iowa  highways  during  the 
past  live  years  has  been  done  at  an  average  of  5.91  per  cent 
of  the  total  cost  of  the  improvement,  according  to  the  Jan- 
uary Service  Bulletin  of  the  Iowa  State  Highway  Commis- 
sion. Surveys  and  plans  for  2,225.35  miles  of  road,  since  the 
first  law  accepting  federal  aid  was  passed  in  April,  1917,  coat 
$472,858.  This  is  an  average  cost  of  $212.48  per  mile  for 
this  Important  part  of  the  work.  The  estimated  cost  of  con- 
struction of  the  2,225.35  miles  was  $26,855,185,  making  the 
percentage  1.77  for  the  surveys  and  plans.  Construction 
work  has  been  carried  out  on  a  total  of  $21,148,242  worth  of 
this  work  at  a  tolal  cost  for  supervision,  inspection  on  cob- 
struction  and  inspection  and  tests  of  material  of  $874,403, 
making  the  percentage  4.14.  Thus  the  total  cost  of  all  engi- 
neering work  chargeable  to  the  primary  road  projects,  the 
making  of  surveys,  preparation  of  specifications  and  plans, 
kec  ping  of  records  and  all  general  supervision  work,  including 
teste  of  materials,  is  a. 91   per  cent  of  the  cost  of  the   work. 


Government  Needs  Explosives  Chemists.  The  U.  S.  Civil 
Service1  Commission  announces  that  there  are  a  number  of 
'  ies  in  the  Ordnance  Department  of  the  Army  in  posi- 
tions of  chemist  qualified  in  the  chemistry  of  explosives. 
These  positions  offer  salaries  ranging  from  $1,800  to  $3,K00 
a  year,  depending  upon  the  qualifications  of  the  appointee 
and  the  duties  to  which  assignment  is  made.  Applicants  are 
not  assembled  for  written  tests,  but  are  rated  upon  the  sub- 
jects of  (1)  education,  training  and  experience,  weighted  at 
70  per  cent,  and  (2)  publications  or  thesis,  to  he  filed  with 
applications,  weighted  at  30  per  cent. 
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Importance  of  Surface  Finish  of  Con- 
crete Roads 

u\  ii    i 

Appai  'in  :  disregard   the 

Ri      i  mote 
almost   an) 

•  I.  than   the   simp]  finish. 

Yet.    I    believe   that    In  tl  'in.  allj    de 

i   upon  the 
■  finish  ;is  upon  on)   other  factor 
\\  •■  know   now    thai   impact 

tiuii  in  our  p. in'' ins.     impact    >-    the  bumping  or  banging 

ii   another.     As    i    roll    •  >      mooth    i  |  I 
along  a  Bmooth  table  there  is  practically  no   Impacl   but   let 
■•  in  tii.-  table,  and  .i>  thi    cylinder  bumps  along 
over  tin-in.  you  gel  a  series  ol  Imp;  the  cylinder 

>ugh  and  rolled  often  enough,  will  soon  wear  oul 
.mil  damage  the  Btrui  I 
That  what    is    happening    in    our    i 

ii  the  wheels  of  vehicles  are  smooth  and  the  pavement  sur 
do  damaging  Impact  from  traffic. 
Tin-  mail  lives  even  though  it  in-  weak  in  proportion  t"  the 
volume  ami  weight  of  traffic  it  must  carry.  But  let  surface 
irregularities  develop,  ami  no  mattei  bo\(  strongl}  built, 
tii>.-  whole  pavement  soon  shows  tin-  effect  oi  wear. 

We  build  our  roads  on  an  average  to  withstand  a  pressure 

of  BOO  lb.  per  lineal  inch  width  of  tire.     V.i.  it"  an  unevenness 

in  surface  of  only  'i   in.  occurs,  the  impact  of  the  one  rear 

truck  ma]    exert   an   impact   pressure  upon 

Hi.-  mad  oi  I1". I"'"  ii..   Under  such   pr<      in     thi    unevenness 

epreciation  whose  edges  spall   and   breal 
inj;   farther   impacts  and    mon  on     until    the    pave 

ii.olh    damaged. 
In  ord>  r  to  lessen   impact   wo   must    gel   and   keep  smooth 
in    we  do    ir  ?     Clo  Ut  oi    work   and 

iniinite   attention    to   detail    an 

eral  remedie  m  ral  cases  of 

in.iios  being  tried  by  different  states 

or    on    different     jobs,    and    different     methods    of    work    and 

machinery. 

Cause    of    Unevenness    in    Pavement    Surfaces. — Then 

in.  nt    surface 

l.     Foreign   materials   in   tin-  aggregate,  which,   failing  to 
amalgamate  are  ousted,   leaving   holes   and   depressions. 
J.     Non-uniform  i  le    inequalit  ii 

I.,    traffic,    and    subsequent    depre 
in  thi 

::.     four   workmanship   in   striking  ofl   and    finishing. 

longitudinal   and   transverse,  due   to   fro 

tion.  changes  of  temperature  or   unequal   bearing    pov 

i  neven    ioints,    perhaps    Hie    m  on   can 

he  piling  up  of  joint   ma 
■  t  inn  of  slab  surface. 

irface   unevenne       are   a     ob 

perhaps,  as 

|  Ing   l- i  material 

and     gi 

their    application    to    the 
■    there  is  whi  in  element  enters.    How 

we    might    have    fuller    discussion    on 
int.     The  .,;  no,    made  thai   lie 

ration   and   mutual   endeavor   toward 

liut  private    pi" 

ii nomic   lit'  .   jii  .'.<    often 

..ii    oul 
.  hile  tl n-  make   him   put   all 

;.  .,'    and  fri  qui  otlj    '  hell     pii  It      When  all  em 
well  thai  thi 

ml    when    all    eon 


a    financial   gamble,   then   we   shall   have   that    adheren 
specifications  that  w  ill  insure  good  woi  i   and  smooth  surl 

Methods  of  Preserving  Surface  Finish.  Three  Other  gen 
.•ral  methods  of  preserving  good  surface  finish  once  it  i.s  ob- 
tained are  thi  oient,  Hi.-  .in  ision  oi  thi 
road    longitudinally,   and    the    wider    spacing    of   joints    with 

tile     USl 

Tl ineiit    are    that    it    gives 

the   roa  i    and    greater    resistance   to 

i      e      bal  ularities  ami  weakm 

in  the  subsoil.     By  helping   to  pn  serve  the  Integritj   of  the 
pavement,  it  minimizes  an>  tendencj  towards  cracking,  which 
.... 

Tin-  division  of  tin-  ro.i.i  longitudinallj    ln<  beam 

th    about    tour-fold      Obsi  rvatlon    reveals    that 

tudinal  crack  I  and  10  ft    n  id.-   though 

we  have  all  encountered   them   In   slab     beyond   thai    width 

1'iie   i  eason  for  this  din-  ijectural,  but   until 

ii   is  ascertai I   we   would  do  uided   bj    i 

tiitherto  obtained,  and  build  ou 
tudinal 

Transverse  Ioints  being  b  prolifli  source  oi  trouble,  it  is 
veil  in  diminish  their  numbi  i  through  the 

use  oi  the  lee  i  in    w  ider  spacing  ol  joii 

feasible  through  the  u  ■    ol     i 

temperature  strec  •  lab      The  use  oi  dowel 

stability  lo  the  joints  and   hold  i 

in   •'    ,,|     II,.       |olnt  ID     HI'   h     I  ''low     the     Mil  l.i,  e     ha  -     plol  e,l 

factory.     He\ise,i  .,i   m-  i   to  Becure  a   smooth  surface 
pi  mi i t    tin-  use  oi    ;i   finishing    machme.    h    seemed    ad 

mirable    until    subseque xpansion    crowded    and    crushed 

i  mcrete  abovi   I  he  ioinl  material,  leai  Ing  a  badlj  ra 

ami    spalled     loin:        The    best     thOd    thai     1     have    found    of 

making  a   joint   is   ti                         the  joint    material  until   aftei 
er   finishing    machine   has    passed   over   d .    then 
in  i it i  i le-  join i  materii  bove  the  surface  with  long 

i  d  tongs .  then  i  Dish  1  hi  joint  with  the  split  float 
ei  i  lit  roller,  roundim  rete  next  to  the  |oint  ma- 
terial   with   an  i-deini;    tool. 

Specific  application  ol  thi    i    general  principles  is  foui 
the    requirements   Ol      ucli    states   as   Delaware,    Pennsylvania 
and    New    York.      In    thesi       tates,    and    others,    the    spei 
lions    exact    good    workmanship    hy    allowing   a    maximum   of 
onlj    'i    in.  depression   in    10  it.  of  pavement   tested   with  a 
straight  edge,     Thi  i  •  tghl   edge  on   gi  sen  con 

creie  imiii  ates  dep  i  ctified  and  in 

results.    The  -      tati  iterials  with  Buch  prei 

as  almo  i  certainl]    to  pi    i  I  ide  the  use  ol  foreign  mat 
in  the  aggregate  or  ol  non-uniform  aggrega  design 

the  mads  so  as  to  minimize  the  danger  of  movement  in  the 

la b  a iei ad  they  give  special  attenl Ion 

io  the  p    ■   :  nd  to  the  suitability  oi  the  machin 

ery   in 

ah  of  these  pi  ei  aut  ii  ere  I  iken  on  i  be  i  oad  built  last 

summer  in  Bennington,  vi  .  bj   the  Fred  T.  Le: 

far    not    the    slightest     indication    of    any    surface    mi.. 

appei  red  on  it  .  ii     tends  to  support  mj    belief  that 

e    going    to  build    roads   within    nei  i 

i.il  limits  thai  •  will 
he  practically  Inde  > 

Methods  of  Surface  Finishing. — The  actual  method  of  tin 
ishiiiK    is   of   COUl 

Some  road  builders  prefi  i  to  us.-  the  finishing  machine  with 
i  ntial  that   1 1  light 

a  too  the  crew  n  oul   of  the  pa',  i 

i  all  for  a  weight 

Of    from     12    I"    16    II'      i  ''         Some    hiiihb'i 

the    roller,    n  chine.       Mj    own    experience    lll- 

'l  leal  es  that  the  roller  hel         Oni    advantage  of  the  finishing 

agth  to  tin    pavement.     It  also 
uniform  re  ull  ti  w  Ith  a  green  gas 

i  proof    than    the    hand    method. 

Still    many    prefer   to   Btrikl     ofl    with    the    hand    sir I.    iisinj; 

the   roller  and    bell       Thi!     bl 

piece  oi  plant  the  order  and  where  a  beavj 

impi  i.  ni   workmen  II 
i. .Mi  ..   finish  as  Hie   finishing  machl 
With   either   method   tie    board    belt    gives  unquestionably 
He-  best  finish.    The  bow  belt  however  can  give 
Propei  belting  takes  ■>"  not  ,.ni\  the  water,  but  also  thi 
loam,  laltanci  .  etc  .  that  tend  to  form    call    en  the  BUffai  ■ 
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Providing    for    Irrigation    Ditches    in 
Highway  Right  of  Way 

By  D     \     McCLUNG 

i  way   Comml 

w\.,  ■  ountj 

road   paving  the   world 

that  probably  does  uot  exisl  in  man]  es.     While  a 

right  of  way  of  66  ft.  in  width  existed  alon(  in  lines, 

upon  which  the  roads  were  located,  diffii  ulty  was  encountered 
in  finding  sufficient  space  tor  t; 
and  drainage  gutters. 

The  broad  fiat  flour  of  the  Salt  River  Valley,  in  which  the 
paving  project   is  located,  is  traversi  twork  of  irri- 

gation   lateral    and    drainage    ditches.      These    cl 
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Standard    Road    Plan   and   Standard   Sections.    Maricopa    County 
Highway    Commission. 

invariably  located  iu  the  road  right  of  way,  scarcely  a  mile 
of  road  being  without  one  or  more  irrigation  laterals  or 
ditches,  which,  owing  to  their  necessary  elevation  above  the 
land,  are  built  with  high  banks  and  occupy  an  overall  width 
ot  from  10  to  IS  ft.  Drainage  ditches  are  either  in  existence 
or  are  proposed  along  the  entire  road  mileage  and  are  usually 
on  the  opposite  side  of  the  road  from  the  irrigation  channels. 
Perceiving  that  when  the  drainage  system  has  been  com- 
pleted, the  roadway  would  be  definitely  limited  by  the  par- 
allel channels,  it  was  considered  advisable  to  adopt  some 
standard  rules  governing  the  construction  of  waterways  in 
the  future  and  the  following  regulations  were  prepared: 

MARICOPA    COUNTY    HIGHWAY    COMMISSION 
General    Regulations 
for  tii.    performance  ot  any  work  or  thi    b 

:  ■      of  the  Maj 

sicn    by   any   parties    other    than    county 
official-  irming  such  work  for  Maricopa  County. 

iii  No  work  shall  be  performed  or  structure  built  within  the 
light  of  way  of  Maricopa  County  Highwaj  Commission's  paving 
projects  without  a  written  permit  for  same. 

(2)  No  ditches,  structures,  embankments,  pits,  waste  earth  or 
other  materials  may  be  built,  placed  or  removed  within  the  limits 
designated  "Area  for  Highway  Purposes  Only"  '>n  the  accompany- 
ing  drawing,    except     is    provided    in    the    following    paragraphs    of 


tins.-  regulations.    The  accompanying   plan  showing  road  inl 
lions  applies  to  all  whether  or  nol    In- 

i  is  iii  the  pa  i  nd  t"  all  Inti  rsei     ni 

n  in  i  hi  r  or  not  roai  pi  ned  on  thesi 

placed  and  cli  rth  may 

providing    M 

orm  slope  line  it 

ra  on  the  W 

:  anylng 

Ni     ma  .iii  limits   which   will 

hi    resulting  finished  wn  on 

dard   Road   Section. 

iii     Culverts      All   culverts   within    tl  Imits" 

shall  ■  onforn  plans 

and  spei  Iflcations     ■ 

future.     All  head   walls  shall   be   i  de  the  limits 

nated  "head  wall  Urn  I   plan  above 

ft.  or  less  outside  the  "head  wall 
lire"   shall  have  standard   conoret 

end   in  hi  nit  ion  oi  r  than 

oi   channel.     \ . 

a  aci  pace  bel  ween  t  he  "head  wall  line"  and  the 

"hlghti  ly  or  thi 

parallel  to  thi  I  al  the 

e  tandard  seel  ii  m 

led    bj    '  he   Mai  ii  opa   County 
where  aecessary. 

Under  these  regulations  it  is  possible  in  the  majority  of 
cases  to  construct  drainage  channels  mi  the  road  right  of 
way.  if  care  is  taken  to  locate  them  on  the  outer  edge  of 
same.  However,  in  sonic  instances  the  licensee  has  found  it 
necessary  to  secure  extra  right  of  way  on  adjoining  land. 

Of  the  two  standard  road  sections.  Section  "A"  show  thi 
typical  irrigation  ditch  bank,  while  Section  "I!"  indicates 
the  typical  drainage  channel.  On  account  of  danger  from 
leakage  or  overflow  of  the  irrigation  channel,  a  gutter  is  pro- 
vided between  the  channel  and  pavement.  As  stated  in  par- 
agraph 5  of  the  regulations,  these  are  minimum  requirements 
and  those  interested  are  expected  to  build  new  structures 
and  channels  as  far  from  the  pavement  as  practn 


Maintenance  Cost  of  Iowa   Highways 

The  total  expenditure  from  maintenance  funds  from  Jan. 
1.  1921,  to  Jan.  1.  1922,  for  maintenance  of  6.616  miles  of 
primary  roads  of  Iowa  was  $2,192,786,  or  an  average  of  $332 
per  mile.     This  total  expenditure  was  divided  as   follows: 


Patrol    n  $1,153,605 

612,521 

l-:.iuipi  rental)       329,197 

Addition  and  betterments    B9,42fl  II 

Bridge    maintenance    *8,044  1 

Total     2,192,787  332 

♦Tie  -   represents  i 

l    ■  el         e  maintenam 

ounty   fords. 

The  first  three  items  above,  patrol  maintenance,  gang  main- 
tenance and  equipment  and  tools  constitute  the  actual  amount 
of  money  spent  for  road  maintenance.  This  total  is  $2.- 
095,323,  an  average  of  $317  per  mile. 

The  expenditure  for  actual  maintenance  was  divided  be- 
tween the  various  classes  of  road  as  follows: 

per  mile  

2(6  miles  of  paving  21.07] 

i    $317  per  mile  

In  comparing  these  maintenance  costs  on  the  different 
types,  two  factors  should  not  be  losl  sight  of.  First,  the 
types  listed  do  not  carry  equal  traffic,  and  second,  tin  >  do 
not  give  equal  serviceability.  It  is  probable  that  the  avi 
daily  traffic  on  the  paved  roads  is  twice  as  great  as  on  the 
gravel  and  the  traffic  on  the  gravel  in  turn,  about  twice  thai 
on  the  earth.  The  paving  gives  100  per  cent  servici 
day  in  the  year;  the  gravel  gives  service  throughout  tin- 
year  but  it  is  not  always  100  per  cent;  the  earth  road  serv- 
iceability ranges  from  near  zero  after  prolonged  rains  to 
100  per  cent  when  the  roads  have  dried  out  and  have  been 
properly   maintained. 

We  are  indebted  to  W.  H.  Root.  Maintenance  Engineer 
of  the  Iowa  State  Highway  Commission,  for  the  above 
information. 
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Bituminous   Gravel   and   Sand    Roads 

Experiences   in  Massachusetts  Described  in  Paper 

Presented  at  Annual  Convention  of  Canadian 

Good  Roads  Association,  Halifax,  N.  S. 

By  w    D.  SOHIER, 

Under  the  topic  bituminous  treatm  tments 

bituminous  construction   will   be   discussed      To 

I,  tiii-  road  Burface  t"   be  treated  or 

must  he  absolutely  well  compacted,  Arm,  and  true  to 

n<l  grade  with  no  dust  pi  it  material.    The 

.'  :id  be  brushed  clean  and  th  "1  well 

om  surplus  loose  dust. 

A   bituminous   top   on  a   road    is    w.o  il    mils!    not 

:  that  is  rough  or  rutted,  because  if  it  is.  it 
will  bold   water  in  the  i  nd   everj    passing  auto- 

or  truck  will  throw  the  water  out  and  tak.    piei 

o  tbat  in  a  short  time  you  have  very  large 

I    your   road. 
Bituminous  Surface  Treatment. —  We   find    in   Massac! 

that  whenever  a  road  lias  an  average  of  more  than  150  motor 

day.  that  it  is  Impossible  to  maintain,  either  a  gravel 

ound   macadam,   without    some   bituminous 

on  the  top.     This  can  i   tar  or  asphaltic 

oil,  never  use  any  oils  that  have  a  paraffine 

You  ran  always  tell  whether  the  material  you  are  going  to 

."I  results  or  not,  by  putting  some  on  your 

.aid  thumb  and  rubbing  thi  If  the;    si  irk 

•  ;•  and  you  cannot  rub  it  off  the  finger  without  the  use 

of  pumice  stone  or  your  penknife  they  will  stick  to  the  road. 

If  it  will  wipe  off  with  a  newspaper  and   i  your 

and  dirt)  like  the  a  your  automobile, 

then  it  will  he  no  good  on  the  road. 

In   preparing  to  applj    a   bituminous   surface  treatment  al- 
ways gel  your  covering  and  spread  it  on  the  road  side  before 
urt  to  apply  the  bitumen,     it  requires  about   10  lb.  of 
gravel  or  sand  cov.  i  ery  s  luare  yard  ot  road  surface, 

when    you   are   using  the   lighter  cold   tars   or  oils  and   the 
grades  will   require  from   IS  to  20  lb.  to  the  square 
yard.     If  possible  always  spray  on  your  bituminous   material 
with  a  pressure  distributing  machine. 

Apply  about  a  ',,  gal.  to  the  square  yard,  and  apply  it  to 
only  one-half  of  the  width  of  the  road  at  a  time,  have  your 
men  who  are  to  spread  the  covering  follow  right  along  and 
spread  it  quickly  and  as  evenly  as  possible. 

Have  them  go  back  and  be  sure  that  the  whole  road  is 
covered  and   kept  'hat   it  does  not  bleed,   at   any 

rate  for  the  first  week.  It  costs  money  to  buy  bitumen  and 
whenever  it  is  carried  off  the  road  it  leaves  a  bare  spot  that 
will  ultimately  cause  a  hole  in  a  very  short  time  in  wet 
.  and  thereby  ruin  your  road. 
The  only  rented]  Is  to  patch  the  hole  at  once,  by  painting 
it  with  the  same  material  used  with  a  whisk  broom,  and  then 
be  sure  you  cover  this  patch  with  sufficient  material  to  pre- 
vent   it  from  picking  up  the  second  time. 

Bituminous  Materials. — Now  in  regard  to  the  material,  we 
have   got   mot  llts    with    cold    tar    and    material 

like    Tarvia    Ii    on    both    well    shaped     gravel     and     macadam 
roads,    but    he    sure    the    surface    is   vers     firm    or    hard.      The 
limost   immediately  are  brittle-,  do   not    heal   them 
selves  and  while  thi  y  make  a  most   excellent    road    - 

ipon  anj  loose  or  uncompacted  road 
■  |    tend   to  break  and   go  into  pot   boles  and   if 

I)    patched  your  road   very  soon  disln- 

,  to  renew  the  Burface  film,  Immediatelj 

lth   part   of  the   road   sin 

dollar  w  bleb  w  ill  Boon  become 
t  raffle. 
The  the  other  hand,  can  be  applied  to 

CUlai  ly  gra\  el       "i 

■  n   in-  applied   cold   containing 
phalt 
App  quare  yard  of  road  surface  and 

Mt  can 

and  when  asphalt  I   will  find  that   you 

a     the    spring    and    appls     your 

second  surf  I    and   you   will   it  derable 


quantit]    of   the   asphalt    left,    so    that    the    results    during    the 

in  h  better  and  more  permanent  than  thej 
wen-  the  first  Atter  two  or  three  applications,  unless  your 
traffic-  is  extremely  heavy,  you  will  find  that  you  bave  a  road 

surface-  that  may  go  or  two  sears,   with 

treatment,  always  provided  you  keep  it  properl]    patched 

Patching   Roads.     Always    patch   bi  I   a   hole  and 

Intact  When  patching,  make  the  side  of 
your  hole  with  a  little  Shoulder,  to  hold  the  material   iii   place, 

ome  patching  material  either  the  asphaltic  oil  u  ■ 

the  road,   or  K.   P.,   which   is   a    material   made   of   tar  that   can 

omethlng  like  Hi  idlj   oil  which  is  a  fluxed 
■   that   '.hi   i"-  used  cold  iterlal,  using 

I    bank    or   broken    Btone    with    Bizes    thai    are    ai 
I    half   the   depth    id    the  -    and 

graded    down    lo    the    vers    tin.  ml    that    will 

i  200  mesh      He  sun-  it  is  thorough  I  j  mixed  and  coated 
it  Is  put  into  the  hole.    Tamp  ii  in  and  rem<  mber  that 
it   expands  a   little   with  water,  bo  leave  your   i 

mo-  quart,  r   of   an    inch    I.-  ,1    the 

i    s  mi  w  ill  find  a  hump  w  -11  d( 

After  tin-  patch  is  madi  I  with 

dry    sam I.   or    it    in  e-e-s-ary.  din    irom    tin-    mad    .-id.-    to    keep    il 

from  being  picked  up  by  passing  vehicles.    You  want  i-- 
\our  bitumii  ad   to  do  this,   thej 

must   stick  10  tin-  road  (Irmly. 

Gravel   Asphalt  Roads.     We   have   bad  most   excellent 

suits    in    Massachusetts    in    building    what    might     he    called 

■    built    them    since    1912    and 

tlu-y  are  all   in  excellent  condition   today.     As   we  have  gone 

along,    we-   hi  t    them    better   and    Btroi 

el    tie     increase   in   heavy   motor   truck   traffic. 

In  building  these  roads,  the  gravel  has  to  he  heated  and 
uniformly   heated   to   250   to  tl        IS]  hal      ' 

heated   in   kettles  to  300  to   500         Phe   two   should   then    be- 
mixed    in   soine   mechanical    mixei  i    hoi    mixer; 

from  this  it  is  dumped  into  the  cart   and  carried  to  the  road 
and  spread. 

It  is  ready  to  roll,  and  should  In-  rolled  while  it  is  still  soft 
enough  to  compact  thoroughls  .  tins  means  the  temperature 
of  the  mixture  should  be  from  90  to  120  P.  This  part  of 
the  work  is  occasionally  troublesome,  particularly  when  the 
mornings  and  evenings  are-  cool,  because  the  bottom  on  tin- 
ground  and  on  the  top  the  air  will  cool  more 
rapidly  than  the  middle.  You  cannot  roll  while  the  middle- 
is  too  soft  or  too  hot,  because  il  will  then  squeeze  out  ahead 
of  the  roller  and  make  was.  so  you  must  wait  until  you 
can  roll  it  without  having  it  push  out  much  ahead  of  the 
roller. 

We  base-  built  a  good  mans  miles  of  roads  in  Massachusetts 
of  bituminous  gravel  and  we  think  very  highly  of  them,  even 
for  a  very  great  volume  of  traffic,  including  quite  a  number 
of  heavy  trucks.  We  have-  also  resurfaced  and  widened  a 
great  many  miles  of  road;  by  this  1  mean  75  to  100  miles, 
where  we  used  the  old  waterbound  macadam  road  as  a  foun- 
dation, when  there  were  2  or  3  in.  of  it  still  left. 

Where  the  traffic  was  heavy  and  we  were  building  a  hitu 
minous  gravel  road,  we  has.-  ei  course,  put  in  a  foundation 
of  gravel  or  field  stone  where  the  subsoil  svas  not  good  We 
have  then  usually  put  a  i  :  isher  into  the'  gras.-l  pit  and 
crushed  the  larger  stone,  and  perhaps  field  Btone  as  well, 
and  has.-  laid  the  foundation  --I  broken  Btone  about  4  in. 
thick,  well  shaped  and  thorough  1  j  rolled.  On  this,  sve  have 
spread  the  mixed  gravel  and  oil,  so  that  i<  would  be  about 
2%    in.   I  hick,   after   rolling    «  Even   ssith 

good   soil   conditions,   when      1  ,     reads    had    he-asy    traffic,    we 
base   used   either  broken   Btone    or   grasel    in   the   sub-b8 

that  when  watered  and  thoroughly  rolled  by  the  steam  roller, 
it   would  he   l  or  .i  in.  in  thie  , 

Tin-  tup  course  or  wearing  surface  is  just  a  mixture'  of 
asphaltic  oil  "i  irom  90  io  120  penetration,  thoroughly  mixed 
ssith  the  heat,  d  gravel,  evenly  so  that  it   would 

he-  about  2%  '"-  thick  atter  rolling      \  tandem  rollei 

to    he-   th"    best    for    rolling    this    material,    as    it    can    be    used 
while  without   producing  depressions.     This  mix- 

ture usually   requires  about    from   20   to  22  gal.   of  oil   to   the 
cubic  -I,  lie-  oil  being  measured  hot.     The 

results   are   obtained    by    tie-   use   of   a    gravel,   using  no 
bove  i'<   in.  hut  containing  the  other  sizes  dosvn  to 
the   very   finest    material.      It   is  advisable   sometimes,   if  you 
has.     not   enough    fine   sand    in    the-   gravel,   to   use   stone  dust 
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or  secure  some  fine  sand  from  elsewhere,  as  the  fewer  the 

voids  and  the  denser  the  mixture,  the  better  the  results.  You 
do  not  need  to  infringe  the  Warren  patent  specifications, 
Here,  again,  the  finer  the  material.  th(  greater  the  quantity 
,,t  aaphaltic  oil  that  must  be  used  per  cubic  yard  and  the 
the  asphalt  that  should  be  used  Roads  built  of  these 
surfaces  have  withstood  ver\  heavj  traffic  where  the  foun- 
dations are  good  from  g  to  9  yea  and  are  still  In 
good  condition. 

These  roads  should  be  built  at  lea  i  i-  ft,  m  width,  even 
with  good  material  in  the  shoulders;  with  poor  material.  the\ 
should  be  19  or  20  ft.  in  width  to  prevent  having  the  sides 
.nt  off.  A  'i  in.  crown  to  the  foot  is  better  than  a  14  i" 
crown.  We  uov  have  a  practice  of  banking  all  the  corners 
and  curves  where  it  is  physicallj  possible  and  giving  them 
a  grade  from  the  outside  to  the  inside  of  'j  to  %  in.  to  the 
(OOl  Of  width.  When  we  first  began  the  work,  we  used  Cali- 
fornia asphaltiC  Oil  With  good  results,  and  since  then  We 
.  ed  Texas  Mexican  and  other  asphaltie  oils  with  very 
good  results. 

Originally,  these  roads  cost  no  more,  and  usually  a  little 
less,  than  waterbound  macadam,  and  they  were  much  more 
economical  to  maintain  and  withstood  automobile  traffic  and 
motor  traffic  much  better. 

They  originally  COSi  about  60  ct.  per  square  yard,  including 
the  broken  stone  or  gravel  bottom,  but  not  including  grading, 
foundation  or  drainage.  Last  year  the  cost  for  the  surface 
ran  up  to  $1.25  to  $1.50  per  square  yard,  materials,  teams  and 
labor  having  advanced  in  price. 

Traffic  Sand  and  Oil  Roads  Will  Stand.  It  is  hard  to  pre- 
dict just  what  traffic,  sand  and  oil  roads  will  withstand.  They 
have  now  stood  for  12  years  in  reasonably  good  condition  on 
roads  that  had  600  to  800  automobiles  a  day,  47  to  70  2-horse 
teams  a  day.  and  an  average  of  about  38  trucks  a  (lay.  They 
have  had  go  over  them  without  any  noticeable  damage  quite 
a  few  motor  trucks  carrying  oil  or  gasoline  that  would  weigh 
up  to  1-1  tons,  including  truck  and  load. 

The  gravel  and  oil  mixed  roads,  and  those  that  have  been 
resurfaced  with  gravel  and  oil,  have  stood  satisfactorily  for 
6  to  8  years  with  much  heavier  traffic  than  this,  especially 
in  trucks.  1  have  in  mind  one  section  in  particular  that  was 
constructed  and  opened  up  to  traffic  leading  directly  to  Camp 
Devens,  where,  as  you  perhaps  know,  they  had  a  cantonment 
for  about  30,000  soldiers.  It  had  some  days  as  many  as  700 
trucks  going  to  that  cantonment,  and  when  they  built  a  very 
large  hospital  there,  they  moved  from  30  to  40  lumber  trucks, 
weighing  12  to  13  tons,  including  the  load,  over  that  road 
day.  This  made  very  heavy  traffic,  indeed,  for  the 
two  years  that  the  road  has  been  built.  I  think  I  am  safe  in 
saying  that  this  road  has  never  shown  any  signs  of  weakness 
or  needed  any  patching  whatever. 

A  blanket  coat  of  hot  oil  on  macadam  will  carry  a  much 
larger  number  of  teams  if  there  is  a  ratio  of  two  to  three 
automobiles  on  pneumatic  tires  to  each  team  to  keep  the 
bituminous  surface  constantly  rolled  down  when  the  horses 
ami  teams  pick  it  up.  But  note  that  a  very  few  teams  on 
narrow  tires,  or  a  few  very  heavy  teams  every  day,  will 
destroy  the  surface  if  the  load  is  heavy  to  shear  down  entirely- 
through  the  surface  to  the  stone. 

If  this  process  is  repeated  once  or  twice  a  day,  a  rut  soon 
develops  and  the  road  becomes  muddy  and  the  bituminous 
surface  is  rapidly  disintegrated.  Light  oil  or  cold  tar  will 
then  be  more'  serviceable,  laying  dust  while  the  stone  takes 
the  wear. 

We  have  maintained  a  few  miles  of  road  in  reasonably 
satisfactory  condition  with  annual  applications  of  a  cold  tar 
or  water  gas  tar.  They  have  required  %  gal.  per  square  yard 
annually,  and  the  results  have  been  about  the  same  and 
certainly  no  better  than  where  we  have  applied  two  Vi  gal. 
coats  per  square  yard  of  light  asphaltie  oil  the  first  year  and 
\  gal.  per  square  yard  each  succeeding  year.  The  cost  for 
the  cold  tar  has  been  more. 

Invariably  we  clean  and  patch  the  road  first  and  cover 
the  bituminous  material  sufficiently  to  prevent  its  picking 
up.  We  have  sometimes  tried  dispensing  with  the  cleaning 
and  covering  but  shall  not  repeat  that  expensive  experiment. 
We  can  usually  have  the  light  asphaltie  oil  sprayed  onto 
the  roads  by  motor  trucks  for  1.2  to  1.5  ct.  per  square  yard, 
using  y-  to  \i  gal.  per  square  yard. 

The  cleaning,  patching  and  covering  costs  about  the  same. 
You  must  use  some  bitumen  on  the  surface  of  either  a  gravel 


or    a    waterbound    macadam    road,    if    there    are    any 
vehicles  usinn  the  road  every  ■!  Br  100. 


New  Road  Building  Equipment 

Some   new    equipment    for    road    building    brought    out    re 
cently  bj    the   Blaw  Knox   Co.,   Pittsburgh,   Pa.,   is  shown   in 
ompanying  illustration. 

The  truck  turntable  occupies  a  space  at  one  side  Of  the 
road  el'  onlj  8  ft.,  and  in  turning  one  end  project:  0V61  the 
road  form,  it  is  mounted  en  a  i.  iii  which  enables  it  to  be 
moved  without  tearing  up  the  \  truck  after  being 

driven  en  the  turntable  is  secured  from  tipping  by  supports 
;,t  each  em!  of  the  table.  When  the  truck  is  ready  to  be 
turned,  a  lever  is  operated  which  fold;  up  the  e  supports 
and  then  acts  as  a  push  bar  by  means  of  which  one  man 
Can    turn   a   6-ton    truck   loaded   with   4   yd.   of  material.     The 


Turntable,    Improved    Road    Form    and    Steel    Storage    Bin    With 
Adjustable    Measuring    Batcher. 

runways  which  support  the  truck  are  mounted  on  a  circular 
track  of  less  diameter  than  the  width  of  the  truck.  This 
track  is  placed  immediately  above  a  similar  circular  track 
which  is  rigidly  secured  to  the  skids.  Between  these  tracks 
are  a  series  of  rollers  so  that  there  are  no  axles  to  cause 
friction.  A  center  pin,  rigidly  secured  to  the  skid  which 
supports  the  lower  track,  holds  a  spider  which  keeps  the 
rollers  in  place  and  also  holds  a  central  bearing  for  keeping 
the  upper  track  properly  centered. 

The  road  forms  are  made  of  the  highest  grade  No.  9  gage 
blue  annealed  open-hearth  steel  plate,  flanged  top  and  bot- 
tom, and  reinforced  with  five  specially-designed  heavy  stif- 
fening plates,  the  6  in.  size  weighing  approximately  9  lb. 
per  ft.  net,  or  10y2  lb.  per  ft.  including  the  stakes;  other  sizes 
in  proportion.  The  bottom  flange  of  these  forms  is  flat  (i% 
in.  wide)  and  designed  to  give  great  bearing  surface.  The 
top  flange  is  2y2  in.  wide,  with  a  1%  in.  stiffening  edge.  The 
patented  Blaw-Knox  slip-joint  connection  and  all  other  parts 
are  securely  riveted,  each  part  being  integral  with  the  form. 
Wedges  or  keys  are  designed  to  be  left  permanently  in  place, 
if  desired,  as  an  integral  part  of  the  road  form,  depending  on 
conditions  and  requirements  of  the  work.  "Improved  C" 
road  forms  are  made  in  standard  5  and  10  in.  lengths  and  in 
heights  varying  from  5  to  9  in.  inclusive,  larger  sizes  if  de- 
sired.    The  steel   bin   and   adjustable   measuring    batcher   is 
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adard  units  which  »ill  give  storage  capaclt]  of 
from  15  tons  to  76  and  100  tons  and  larger.  The  bins  un- 
stated •  than  wood  bins  of  equal  capaclt)  and 
■  when  dismantled.  The  batcher  is  made 
tee]  and  is  located  Inuni  atn  the  bin. 
This  batcher  is  unique  in  that  it  al  the  bin  gate 
for  bottom                         In.     When   1 1 1 . -  storage   bin   g 

il  in  the  batcher  is  Btruck  off  at  the  Bame 

The    right    volume    is    then    held    suspended     in    the 

ire    full    and    the    Btorage    hin 

.   dump   one. 

•r    four   of   thl  .it    the    same    time,    thus 

loading   .-.   (-compartment   truek   with   sand   and   stone   in   less 
mds     t  Inlj  one  workmaj 

bin    having    four   measuring   hoppers    ol 
ad  four  measuring  The  batcher  con- 

in.       The    top 

within  the  lower  section,  and  an  adjustment  of  a 
obtained  at  will. 


A  New  Device  for  Unloading  Hopper  Bottom  Cars 

in.,  manufacturers 
ilnery,   has    -.  portable    i> 

materials    received    in    hopper 

It   is   claii  Iminates   the  dig- 

can  lie  unloaded  at  a  point  most  eon- 

This  machine 

OVe    the    track    and    handles    sand,    stone,    gravel, 

Dg  the  labor  of  several  men.    It  is  mounted 

on    roll  -lly    be   slipped    under   the   car. 

A  motor  or  engine  is  mounted  on  platform  making  it  a  com- 

mplicated   parts   to   get   out    of 

i   that  one  man   can  easily  handle   the  job 

of   unloading   and    delivering   the    materials    to    any    stj 

loader  or  elevator. 


New  Auto  Crane 

me,  designated  as  Auto  Crane  Model  4.  has  been 
brought  out  by  the  Byers  Machine  Co..  Ravenna,  O.  Among 
the  important  features  of  this  crane  are  the  banked  levers. 
tor's  raised  platform,  heavy  frame,  reinforced  A-frame 
and  mast,  42-in.  boiler,  semi-enclosed  cab,  gear-driven  swinger, 
steel  outrigger  nuts  and  swiveling  feet,  steel  shoes  for  cater- 
pillar- .-el  coal  and  water  tank  ill'" 
-teel  boom,  three-point  suspension  truck,  all  sheaves 
16  in.   (interchangeable). 

00  lb.  at  lo  ft.  on  double 
-     ft,;  and  5,500  lb.  bucket 


•.Crane   Model  •». 

■ 
I"  it    lor  d-rrii  ; 
J    in  .   and    its    width    is 
11    . 

■ 

Dished 


Road  Builders  Truck 

A   new   truck   d.  -  .  :  [ally   for   road   building  opera 

tions    has    been    recently  placed    on   the    market    by    the    Four 

Whei  ID  uito  Co  ,,f  ciintonvllle,   Wis .   m 

of  I'W1>  trucks.     One  of  the  features  of  this  new   truck  is  it- 

short  wheel  base  of  106  in.  giving  it  a  short  turninj;  radius 

This  mick  is  designed  ■■  3-batch  bodj 


New    F.   W.    D.   Truck. 

;':■".  the  body  to  be  .    a  horizontal  hydraulic 

hoist   and    the   tail   gate>  ated    individually.     The 

truck   is  also  designed  to  as  a   tractor   for   trailing 

ioads  to  the  concrete  mJzi  hauling  road  machinery. 
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The  City  Engineer  As  a  Promoter  of 
Public  Works 

A  few  weeks  ago  the  editor  had  the  pleasure  of  listening 
to  an  address  by  the  city  engineer  of  Los  Angeles.  Mr.  John 
A.  Criffin,  before  the  Los  Angeles  chapter  of  the  American 
Society  of  Civil  Engineers.  Mr.  Griffin  urged  local  engineers 
to  assist  him  in  arousing  the  public  to  a  realization  of  the 
danger  to  health  that  existed  in  many  parts  of  the  city  be- 
cause of  inadequate  sewer  pipes.  He  showed  many  lantern 
slides  of  sewage  flowing  in  gutters,  because  the  sewers  were 
inadequate  during  rainy  weather.  He  told  of  the  difficulty 
of  securing  money  with  which  to  enlarge  the  sewer  system, 
in  spite  of  the  demonstrable  menace  to  health. 

As  Mr.  Griffin  talked,  the  editor  wondered  how  many  other 
city  engineers  in  America  are  in  similar  distress.  How  many 
cities  are  there  that  have  fallen  behind  in  public  works  con- 
struction? The  number  is  certainly  large.  Elsewhere  we 
print  a  few  replies  to  a  letter  of  query  on  this  subject — 
enough  to  indicate  that  there  is  no  slight  amount  of  arrear- 
age in  city  improvements.  We  shall  print  more  letters  a 
month  hence,  and  we  invite  correspondence  from  all  who 
read  this  article. 

In  estimating  whether  there  is  any  arrearage  of  municipal 
construction,  the  total  money  expended  each  year  should  be 
divided  by  the  relative  cost  of  construction  based  on  the 
year  1913  or  1914  as  100  per  cent.  In  the  absence  of  any 
construction  cost  "index,"  the  following  factors  may  be  used: 


Tear. 
1913    

Relative 

Construction 

Cost. 

Tear. 

Relative 

Construction 

Cost. 

1914    .... 

1015     



1916    

1.30 

1917     .... 

When    annual    construction    expenditures    are    divided    by 


such  factors,  surprises  frequently  result,  lor  it  is  difficult  to 
avoid  comparisons  merely  in  dollars,  and  such  comparisons 
may  be  very  deceptive. 

The  average  American  city  grows  2  per  cent  yearly;  hence, 
if  1913  was  a  normal  construction  year,  1921  should  show  16 
per  cent  more  construction  merely  to  take  care  of  the  growth 
of  population.  This  growth  factor  is  apt  to  be  overlooked  in 
considering  whether  recent  years  have  been  normal  con- 
struction years.  In  a  later  issue  we  shall  show  that  public 
works  construction  for  the  country  as  a  whole  has  been 
subnormal   for   seven   years. 

It  would  be  well  were  every  city  engineer  to  tabulate  the 
expenditures  for  each  class  of  construction  in  his  city  for 
the  past  10  years  or  more;  and  reduce  it  to  the  pre-war 
price  basis.  Then  he  could  show  definitely  to  his  city  the 
construction  arrearage,  if  any. 

His  next  step  should  be  to  enlist  the  aid  of  local  engineers 
in  showing  the  public  what  should  be  done.  Teaching  the 
public  its  real  needs  is  not  all  that  must  be  done.  In  many 
cases  the  city  is  up  to  limit  of  bonded  indebtedness,  and 
either  new  property  valuations  are  imperative  or  the  limita- 
tion on  the  bonded  indebtedness  should  be  raised.  Letters 
from  several  city  engineers  (printed  on  another  page)  com- 
plain of  bond  limitations.  This  is  a  serious  matter  in  many 
cases,  for  pre-war  valuations  of  property  still  exist,  yet 
construction  costs  are.  and  will  remain,  above  pre-war  levels. 

We  shall  be  glad  to  send  to  any  engineer  a  pamphlet  on 
"Past  and  Future  Wage  Levels,"  which  is  a  reprint  of  an 
article  in  our  issue  of  Aug.  3.  1921.  A  study  of  the  data 
there  given  will  enable  an  engineer  to  forecast  future  wage 
levels  with  considerable  accuracy.  The  engineer  who  aims 
to  guide  the  public  should  be  able  to  show  why  he  believes 
that  the  general  level  of  wages  and  prices  will  go  little,  if 
any.  below  what  it  now  is. 

Many  city  engineers  are  inclined  to  wait  for  property  own- 
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propose  new  construction,  but  there  is  a  growing  feel- 
ing among  engineers  that  the  engineer  Bhould  lead  the  pub- 
lic rather  than  be  led  by  it  bidet  future 
status  depends  largely  upon  his  abllitj   to  assume  such  lead- 

.i 
supervisor.     He  should   be  a   promoter  ol  construction  that 
onomlcally   needed.     Who,  more  competent 

upon  the  economic  need  as  to  pavi 

waterworks  etc.,  than   I 
such   plants'' 


Wages  of  Common  Laborers  1913  to 
1921,  and  Probable  Future  Wages 

In  comparing  labor  costs  It  Is  frequently  desirable  to  Know 
the  ral  mon  labor  wages  tor  different   year 

•  itlstics  on  this  published   bj    the 

oment  In  the  Monthly  Crop  Reporter,  for  common  labor 

on  the  farms  throughout  America.     The  wages  are  given  for 

state,  both  with  and  without  board.     The  day 
without    hoard,    not    at    barvesl    time,    should    be    increased 
about   20   per  cent    to  gel    thi  mes  paid   by  con- 

on    I  "ii--!  nut  ion   work, 
following  is   from   tin    November,    1921,   Issue   ol   the 
■ninthly  Labor  Review: 
The   great   change   that    has    taken    place    within    the    past 
In  the  wages  of  farm  labor  is  shown  in  the  September 
Monthly    Crop    Reporter.     The    following    figures    are    taken 
lrom  that  publication,  those  lor   1921   being  indicated  as  pre- 
liminary: 

AVERAGE   WAGES  OP  MAI.K   FARM   LABOR,   1913  TO   1921 

Day  labor,  at      Day  labor,  not 
Bj 

board. 

1913  $21.38 

1914  21.05 
191.".                                      21.2* 

1916  . 

1917  . 

1918  . 

1919  .  . 

1920  . . 

preliminary. 

The  forthcoming  "Handbook  of  Construction  Costs,"  by 
Gillette,  will  contain  corresponding  wage  data  by  years  back 
to  1S6S  for  the  different  si 

The  following  are  the  average  rates  of  hourly  wages  lor 
common  labor  paid  in  the  iron  and  steel  furnaces  and  mills: 

Year.  Wage. 

1914 $0,181 

180 



1917 298 

461 



50 

The  following  are  the  hourly  wages  of  common  labor  paid 
by  the  I'.  S.  Steel  Corporation  in  the  Pittsburgh  district,  be- 
ginning on  the  dates  given: 

Date. 

eb.  l 

I  iv   1 
0   L   1 
■  pr.  16 
lug.   I 


board. 

board. 

board. 

bos  i  < 

$1.57 

$1.94 

$1.16 

$1.60 

I 

1.92 

l  l  ; 

1.47 

i    " 

1.62 

2.08 

2.54 

i   ... 

2.02 

2.66 

3.22 

2.07 

2.63 

3.15 

3.83 

2.46 

i 

3.60 

4.36 

2.86 

9 

2.12 

2.80 

1.60 

11.17 

Year.  Wagi 

1907. 


1908. 

1910. 
1911. 

1912. 


.147 

.158 

.Ifil 


Hourly 

Daily 

Index 

wage. 

wage. 

numbe 

$0.20 

$2.00 

100 

.22 

2.20 

in 

.25 

2.50 

125 

2.75 

3.00 

150 

3.30 

3.80 

210 

231 

253 

2111 

• 

isr, 

150 

I'p  to  ■ ..  t     i     1918,  the  basic  day  was   in  hours:   thereafter 

till   July   16,   1921,    it    wa  I'b    time   and    a   hall    foi 

al   after  July   16,   1921,   the   10-hour  day  was  re- 

The  Index  number  iv  not  on  the  hourly  basil  between 

I.   1918,  and   .Inly    16,   1921,   but  m    Hi.-    10-hour 

day  with  the  time  and  a  half  payment  for  overtime. 

It  will  In  in   1921   averaged 

slightly   less   than   50   per   cent    in   excess   •  0    that 

the  common  labor  irgh   mills   are   now 

exactly 

In  this  connection   It    should  be  noted  that   tin-  per  capita 
in  circulatl 
of  that  in  19  i  Gilletti       n aL-.<  lei el 

formul  I    \ug.  3,  1921.    But  it  should 

bo  ren  'pita  gold  I  r  cent 


in  excess  Ol  that  in  1918;   and   that   with   the  revival  of  busi- 
D.OW  in  progress  there  will  result  an  increase  in  Federal 
Reserve  notes  (paper  money)   which  will  cause,  first,  a  rise 
in  prices  and  later,  a  rise  in  v. . 

Immigration    is    now    g]  ricted    by    law,    so    that 

with  a  general  revival  of  business  we  shall  have  a  growing 
common  labor  and  a  consequent  rise  in  price  of 
that  grade  of  labor  in  excess  of  the  rise  in  other  grades.  It 
is  our  opinion  that  we  shall  not  see  common  labor 
low  a  wage  rate  as  It  now  is  for  many  years  to  come,  unless 
the  immigration  bars  are  lowered;  and  even  then  it  is  likely 
thai  common  labor  wages  will  reach  a  level  80  per  cent  above 
the  1913  level,  because  the  per  capita  gold  is  80  per  cent 
above  that  in  1913  and  Is  likely  not  to  decrease. 

Kvery  contractor  who  signs  a  contract  this  spring  takes 
a  risk  that  he  will  have  to  pay  higher  wages  before  the  year 
ends.  Any  contractor  whose  contract  can  not  be  practically 
finished  before  next  year  is  likely  to  be  even  more  out  of 
pocket  if  he  figures  the  Job  on  the  basis  of  present  wages  for 
common  labor. 

In  this  connection  it  is  well  to  remember  that  the  average 
cost  of  living  was  60  per  cent  above  the  1913  level  last 
January,  and  that  food  prices  an-  n 


Is   the   Price  of   Cement    Too    High? 

A  good  many  engineers  are  of  the  opinion  that  Portland 
t  prices  are  higher  than  they  should  be.  During  the 
last  week  in  February  tin  average  price  of  cement  at  all 
the  mills  in  the  country  was  about  $1.S0  per  barrel  (exclusive 
of  bags>,  as  compared  with  $1.00  for  1913.  For  the  mills  of 
the  middle  states  the  price  averaged  $1.70,  as  compared  with 
$1.05  for  1913,  indicating  an  increase  of  62  per  cent.  A9 
nearly  as  we  are  able  to  ascertain,  the  present  cost  of  living 
averages  60  per  cent  above  the  level  of  1913;  the  wages  of 
union  labor  average  60  to  65  per  cent  above  the  1913  level: 
the  wages  of  common  labor  average  50  to  60  per  cent  above 
the  1913  level;  the  wholesale  price  index  of  326  commodities 
in  January  was  48  per  cent  above  the  1913  level,  according 
to  the  U.  S.  Bureau  of  Labor;  and,  according  to  the  same 
authority,  the  wholesale  price  Index  of  all  building  materials 
were  102  per  cent  above  the  1913  level.  By  comparing,  in 
this  manner,  relative  price  and  wage  charges  an  approxi- 
mately correct  conclusion  can  be  reached  as  to  the  reason- 
ableness of  cement  prices;  but  sight  should  not  be  lost  of 
two  other  facts:  (1)  The  pin.  ,,i  coal  is  SO  per  cent  above 
the  1913  level  and  (2)  the  average  freight  rate  is  75  per 
cent  above  the  1913  level. 

In  our  issue  of  April  6,  1921,  wre  published  an  elaborate 
detailed  analysis  of  the  estimated  and  actual  costs  of  manu- 
facturing cement,  in  which  it  was  shown  that  fuel  and  power 
constituted  50  per  cent  of  the  "direct  expense"  of  producing 
cement.  It  follows,  therefore,  that  with  both  coal  and  freight 
at  the  present  prices,  any  further  reductions  in  the  price  of 
at  can  be  expected  only  to  a  limited  extent,  and  prob- 
ably but  for  a  short  time. 

In  our  issue  of  Dec.  7  we  published  a  meat  amount  of 
statistical  information  relative  to  the  cement  industry  for 
the  past  40  years,  including  pricf>s.  costs  of  production,  etc. 
It  was  shown  that  the  per  cent  of  margin  between  the  selling 
price  and  the  mill  cost  in  the  Lehigh  Valley  district  aver 
aged  less  than  in  per  eel  yi  ars   l'.MS  to   1!'L'0.  as  com- 

pared with  14.5  per  cent  for  the  years  1918  and  1911;  yet 
1913  anil  1914  were  year!  1  low  prices  lor  cement,  whereas 
lor   llils   to   l'.iL'O  cemenl  il    huber  in   price. 

We  can  not  too  ofti  n  I    (be   fact    that   our  per   ci 

currency  is  now  511  per  cenl   above  the  lain  level,  and  that 

per  capita  gold  is  SO  per  10    1     the   1918   level.     For   the 

past  80  years  wage  rate  n  Vmerlca  have  been  closely  pro- 
portional to  the  per  cap!  as  shown  in  our  issue 
of  Aug.  3,  1921.  In  view  ol  thi  tact  that  our  per  capita  gold 
is  80  per  cent  abOVe  the  pie  war  level,  and  in  View  of  the 
fact  that  both  the  volume  ioney  and  of  bank 
credits  tend  ultimately  to  follow  the  volume  of  gold,  it  is 
highly  probable  that  gen  levels  will  not  decline 
appreciably     from     tin      pri                                 It     SO,     the     wholesale 

commodity  price  level  win     oon   rise,  and   with  it   will  rise 

all   prices    now    below    that    level,    BUCh   a-    the    prices   0 

and    1  opper. 

Engineers  who  aim  to  advl  .•  their  employer-,  and  the 
public  correctly  as  to  the  reasonableness  ol  construction  ma 
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terial  prices  should 
ing  and  Contractin; 
formula  (Aug.  3,  192 
with  past  levels  of 
be  accepted  as  the 
There  is  a  tendency 
like  structural  steel 
level,  therefore,  all 
reach  the  same  low 
be  made  than  throu 


study  the  price  level  formula  (Engineer- 
x,  April  7,  1920)  and  the  wage  level 
1)  for  these  have  been  shown  to  accord 
prices  and  wages  and  may,  therefore, 
best  guides  for  forecasting  the  future. 
to  reason  that  because  some  commodity 
or  copper  is  now  close  to  the  pre-war 
other   construction    materials   will   soon 

level.    No  great.  take  can 

gh   such  a  reasoning. 


cumstance  <■(  tin-  City   Bngineet 
hi.    Cltj     attorney, 


Ued    these     '• 


to 


Municipal    Records    Are    Opened 
the    Public    by  California 
Supreme  Court 

The  refusal  of  municipal  officers  to  permit  inspection  of 
their  records  and  other  papers  by  persons  having  a  legiti- 
mate interest  is  a  comparatively  rare  occurrence,  but  one 
involving  much  harm  in  certain  instances. 

Without  knowing  that  a  legal  decision  was  being  rendered 
at  about  the  time  of  our  writing,  we  printed  in  our  issue 
of  December  14,  1921,  an  editorial  entitled,  "The  Los  Angeles 
Aqueduct  and  Power  Scandal."  in  which  we  quoted  a  Los 
Angeles  city  councilman  speaking  on  the  council  floor  rela- 
tive to  the  Board  of  Public  Works  as  follows:  "Having  been 
denied  access  to  the  books  and  records  of  the  bureau,  my 
analysis  must  necessarily  be  in  general  terms."  This  Indi- 
cated a  lamentable  condition,  and  we  confess  to  a  real 
pleasure  in  noting  in  the  December,  1921,  issue  of  "The  City," 
tii.  publication  of  the  San  Francisco  Bureau  of  Governmental 
Research,  that  the  Supreme  Court  of  California  has  ruled 
that,  with  certain  specific  exceptions,  such  records  shall  lie 
open  to  reasonable  public  inspection.  "The  City's"  statement 
of  the  matter  follows: 

The  right  of  citizens  to  inspect  municipal  business,  net  after  it 
is  settled,  but  while  it  is  in  the  formative  stage  when  criticism 
may  be  of  real  value,  is  at  last  definitely  established.  Last  week 
the  Supreme  Court  of  California,  in  the  Bureau's  Hetch  1 1 
suit  against  the  city  and  county  of  San  Francisco,  handed  down 
a  decision  ordering  that  all  the  records  and  data  sought 
Bureau  in  its  action  be  made  available  to  it  for  inspection.  This 
far-reaching  importance,  as  it  settles  in  favor  of  the  tax- 
payers the  right  of  citizens  to  take  an  active  part  in  their  own 
affairs  as  administered  by  municipal  officials. 

The  Bureau  in  1917,  wishing  to  make  an  independent  and  ac- 
curate study  of  the  Hetch  Hetchy  project,  after  informal,  an. I  later 
formal  requests,  was  denied  access  by  the  City  Engineer  to  o.  rtain 
information  relative  to  diamond  drill  borings,  dam  location  plans. 
cost  estimates,  stream  flow  studies,  etc.  The  City  Engineer's 
recommendation  that  the  Bureau  be  denied  the  requested   i 

•i  and  opportunity  to  scrutinize  records,  estimates,  etc..  was  sup- 
"'•    Mayor  and  upheld  by  the  Board  of  Supervisors  after 
hearing. 

Two  suits  were  then  filed,  one  by  the  Bureau  in  its  own  name 
ne   by   the  secretary  of  the  Bureau,   as  a   taxpayer.     A   trial 
ad    before    Judge    Crothers,    and    the    court    ban. led    down    a 
on   upholding  in  part  the  Bureau's  contentions,   but   deciding 
that  certain  kinds  of  data  need  not  be  open  to  inspection.     Ti 
appealed    from    this   decision,   and   the   Bureau   appeal.. I    from    thai 
part   exempting   "working   papers,"   inasmuch    as    all   data   and   in- 
vestigations  that    had    not    been   formally   filed    with    the    Board   of 
Public  Works  by  the  City  Engineer,  and  all  data  turned  over  to  the 
vttorney  for  his  information  in  trial  cases  would  have  been 
exempt   from    citizen    scrutiny    if   the    decision       •>       i-mntted    to 
(The  city  contended  that  working  reports  and  ..(her  data 
did  not  become  public  documents  until  they  had   been  transmitted 
in  a   formal  report  from  the  City  Engineer  to   I  .1    l\iblic 

Works,  and  further,  that  all  data,  when  turned  over  to  the  City  At - 
became   "confidential"    in   character.) 

In  the  meantime,  the  Bureau  and  the  City  Engineer  were  In 
nces  on  many  other  matters;  much  of  the  data  originally 
by  the  suit  had  been  made  available  at  various  times  to 
the  Bureau's  representatives  and  to  citizens  generally,  and  spec- 
ifications had  been  published  and  the  contract  let  for  construc- 
tion of  the  dam.  The  suit  was  not  dropped,  however,  because  of 
the  public-spirited  desire  to  definitely  establish  the  right  of  all 
citizens  to  have  a  knowledge  of  all  public  business,  and  not  only- 
such  as  a  public  official  might  choose  to  disclose  or  as  might  be 
disclosed  in  formal  official  reports. 

This  right  is  definitely  established  by  last  v.  .  k's  decision,  which 
orders  included  within  the  writ  of  mandate  for  citizen  inspection 
all  preliminary  estimates  and  details  which  form  uncompleted  data, 
even  although  such  matter  may  not  yet  have  been  formally- 
dignified  by  official  sanction  as  public  records  and  further,  that 
citizen  inspection  of  records  and  "other  matters"  cannot  be  pre- 
vented   on    the    ground    that    they    are    "confidential"    by    the    cir- 


Index  Numbers  of  Wholesale  Prices 
1913  to  January   1922 

The  accompanying  tabulation  shows  the  index  number  of 
wholesale  prices  by  groups  of  commodities,  as  computed  bj 
the  I  s.  Bureau  of  Labor  Statistics.  The  group  of  miscel- 
laneous commodities  includes  such  important  articles  as  cot- 
tonseed meal  and  oil,  lubricating  oil,  jute,  rubber,  newsprint 
and  wrapping  paper,  rope,  soap,  laundry  starch,  tobacco, 
Manila  hemp,  sisal,  phosphate  rock  and  wood  pulp.  The  com- 
modities, composing  the  other  groups,  are  as  indicated  by 
the  title: 

1X1  >KX    NUMBERS    OP   WHOLESALE    PRICES    IN    SPECIFIED 
VKAKS    AND    MONTHS,    1913     TO    JANUARY,    1922     l.v 
GROUPS   OF   COMM    iDITIl 

(1913—100.) 
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Public  Works  Construction  to  Provide  Employment. — 
Cities  of  the  northwest,  as  Spokane,  Seattle  and  Portland, 
are  trying  to  provide  work  for  their  own  residents  by  hasten- 
ing construction  of  public  works  and  other  emergency 
measures,  but  they  are  warning  all  outsiders  of  the  scant 
possibility  of  finding  work  if  they  come  there. 


Water  Supplies  of  New  Jersey.— According  to  the  1921 
report  of  the  Bureau  of  Engineering  of  the  New  Jersey  State 
Department  of  Health  approximately  46  per  cent  of  the 
urban  population  of  that  state  receive  filtered  surface  water, 
31  per  cent  surface  water  which  has  only  been  chlorinated, 
and   1.5  per  cent  untreated  surface  water. 
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Diagram  for  Hydraulic  Computations 

To  the  Kditor:     I  note  in  your  iBBUe  ol   I  th,   page 

ader  the  beading  "Kutter'a  Formula  Sim] 
there  is  claimed  :i  saving  of  much  time  by  the  use  ol  a  modi 
Ocation  of  the  formula. 

ran  it  be  possible  that  an]  -  ad  their 

time   in  such   laborious  computation e      1   Bhould   be   no  less 
surprised  at   a  suggestion  that  wishing   to   • 

from    Boston    to    New    York.    ins',  ad    of    walkin 
S,   should   use   roller   sk 

The    actual    solving   of    Sutter'     formula    throughou 


seconds  without  the  use  of  a  straight  edge,  slide  rule  or  any 

levlce,  the  formula  can  be  solved  for  any  one  of  the 

four     variables:     Velocity,     Slope,     Hydraulic     Radius     or 

mess. 

I  believe  that  the  sum  total  of  unnecessary  labor  in  engi- 

ni  erlng  offices  on  account  of  failure  to  use  graphical  methods 

in  one  way  or  another  is   v.ry  large. 

enclosed  diagram  is  one  of  a  set  which   i   prepared 
Ublished    In   1918   when    I    had   more  spare   time    tl 
have  ever  had  since. 

EARL    U     KENNISON-, 
Consulting  Engineer. 


r.ection   of 


V  .Mean  Velocity    n  ft.  per  wc.) 

i't  S  ^Slope   in  ft.  ptr  thousand  ft.)      £ 


-section  of 

Tl  (Coefficient  of  Roughness) 
jnd  R. (Hydraulic  Radius  in  ft.) 


*»*"■      I    -■ 


"    , 


Diagram  of 

FLOW  OF  WATER 


f^apjF 


By  Formula  of  Ganguillet  and  Kutter 
commonly  called  the 

KUTTER_FORMULA 

By    Karl    R.   Kennison 
pyrl^ht      1312 
ror    English   Units 

^1.6  4-14^1 +^ai-r_ 
'"  i+(4i.s  +  !S^ai)#<R5 


A  Sand  Well  Prob- 


Diagram   for   Calculation   of    Flow   of   Water   by    Kutter    Formula. 

ement,  .010;  well  laid 
rubble  m 

one  would  bi  "alogous 

modified   formula   referred   to  abov<     rould 

llghtful  and  speedy  trip  o  kates; 

but  fast  express   trains   have  ^ineers 

from  Bo  ton  to  New  York  wini.  and  with  b 

effort  on  their  part  as  is  involved  in  the  u  ■    ol  on< 
many  available  diagrams  for  the   lolution  of  Kutter'a  formula. 
I  ar.  ram   from    which    In   ahoul    10 


lem 

tor:        The     city     of 

iiui  .    during    1921 
construi  I  ;  I  ubular  wells 

at  its  water  plant,  each  well  150 
;iini  8  In.  diameter.  The 
log  of  the  wells  shows  20  tl  ol 
clay,  80  ft.  of  exceedingly  One 
water  bearing  sand  and 
very  compact  <  i 
shale).  Twenty-flve  feet  of  screen 

I    in   thi'   S-in.   pipi 
the   bottom   of  the   screen    would 
I M'ii  with   the  bottom  ol  the 

About  this 
8 -in.  pipe  and  previous  to  its  set- 
ting a  12-in.  casing  was  set  to  the 
bottom  of  the  sand.  After  setting 
In.  pipe  the  12-in.  casing 
radually  withdrawn,  the 
space  between  it  and  the  8-in. 
pipe  being  filled  with  a  torpedo 
gravel  as  fast  as  the  pumping  of 
the  sand  from  the  8-in.  pipe  would 
permit  the  settling  of  the  gravel. 
Probably  15  CU.  yd.  of  gravel  was 
around  the  screen  during 
the  withdrawal  of  25  ft.  of  the 
12-in.  outer  casing.  The  purpose 
of  the  torpedo  sand  was  to  aid 
the  screen  in  excluding  the  very 
fine  sand. 

The    wells    are    equipped    with 
and    operated    with    air    lift 
i    deep  and  having  an 
age    of   110    ft.    working    submer- 
Slnce   being   actively   op- 
erated  under   a   discharge  of 
150   gal.    per   minute    per 
well      the      sand      continues      to 
ge     at     as     high     a     rate 
as  1  cu.  yd,   per  well  pei 

ild  bi    mi  m  toned  thai  these 
wells  opi  ilttently  at  a 

rate   of  about  two   hours   on   and 
one    hour   off   dining   the    day    and 

halt  that  rate  al  nights, 
H  was  supposed  tl 
sufficient!}   encased  in  thi 

le  t  he   Band,   but    it  evi- 
dently is  not.     We  would  like  to 
here   the 
ime     in      Did  the  - 
-I  m  a  pj  ramid  ahoul  t  he 
n    top   of  the  shale  and 
ind  comi    in  above  this 
settling  pyramid  I?     Or 

did  the  gravel  fail  to  bi  ttle  against  the  Inflow  ol  sand  during 
ding  process,  and  does  the  sand  come  In  beneath  the 
torpedo   gravel?     Or  what   is   the   probable   position   of  the 
gravel? 

.F.    I-.   KNIGHT,     - 
Crown  Point,  Ind.  City  Engineer. 


Sewer   Improvements  at   Los  Angeles. — Council  of  Los  An- 
consida  Ing  $3,500,000  bond  issue  for  sewerage. 
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Municipal    and   Privately   Owned 
Waterworks 

To  the  Editor:  Your  editorial  on  page  1-1  of  your  Feb. 
8  issue  is  interesting  and  valuable,   b  cause  it   will  lead   to 

speculation  tending  to  produce  econon 
works. 

It  is  impossible  to  make  a  general  comparison  of  the  rela- 
tive efficiencj  of  operation  between  privati  ad  pub- 
licly-own d  waterworks.  The  writer  is  ol  ia1  with 
very  large  plants  municipal  0WI 

tage,  hut  for  plants  in  towns  with  populations  oi   25,000  and 
under,  the  privately-owned  works  has  a  gn  ige,  but 

there  is  no  fixed  and  invariable  rule.     There  are  many  water 
works  in  towns  of  100,000  and  over,  where  the  manages 
vitally    defective    and    occasionally    one    with    a    population 
below   20,000   is   an   excellent  example   of   efficient   hat 
In  nearly  all  cases  the  success  or  failure  depends  upon  the 
man    in    absolute    charge.      If    a    municipality    is    fortunate 
enough  to  have  its  work  under  a  water  supply  engineer  who 
possesses  resourcefulness,  ability  and  interest  in  his  job  and 
does  not  hamper  him  but  adopts  his  recommendations  in  all 
cases,   it  can  depend   upon  a  successful  outcome,  but 
many  cases  the  man  in  charge  is  not  taken  seriously.     The 
works   are   operated   for  political   expediency   and   when   the 
engineer  has  to  be  guided  by  political  methods  and  sugges- 
tions mathematics  and  engineering  principles  cut   very  little 
figure. 

With  a  privately-owned  waterworks,  however,  efficient 
management  and  operation  are  essential  to  prevent  failure, 
the  only  disadvantage  being  that  the  private  corporation  is 
not  in  as  good  a  position  to  raise  money  for  essential  im- 
provements as  the  municipality. 

For  a  small  municipally-owned  works,  where  matters  are 
in  charge  of  a  council  whose  positions  are  of  short  tenure 
and  obtained  more  on  account  of  their  popularity  than  ability. 
they  seldom  understand  the  importance  of  putting  their 
waterworks  in  complete  charge  of  a  man  of  ability,  because 
such  a  man  usually  commands  a  higher  income  than  they 
can  appreciate  necessary;  therefore,  their  economy  is 
ruinous. 

With  our  present  form  of  municipal  organization  no  remedy 
seems  possible. 

I  venture  to  say  that  if  a  capable  waterworks  engineer 
were  to  visit  and  inspect  municipally-operated  water  works, 
in  nine  out  of  ten  plants  in  towns  of  15,000  and  under,  he 
would  find  serious  deficiencies  that  it  would  pay  handsomely 
to  correct.  In  one  place  there  is  a  shortage  of  water  at 
dry  season;  in  another  place  the  filter  plant  is  so 
badly  managed  as  to  be  practically  of  no  use.  In  another 
place  the  pumping  plant  is  using  double  the  amount  of  fuel 
necessary.  In  another  place  the  supply  mains  are  so  badly 
tuberculated  that  the  capacity  is  reduced  by  50  per  cent, 
In  another  i  per  cent  of  the  water  furnished  can 

be  accounted  for;  the  balance  is  being  wasted  through  de- 
fective mains  or  services.  In  another  case  the  rati 
water  are  not  sufficient  to  pay  the  operating  expenses  and 
fixed  charges,  and  the  deficiency  must  be  made  up  by  tax- 
ation. In  another  case  the  water  furnished  discolors  laundry, 
attacks  the  mains  and  produces  what  is  known  as  the  "Red 
Water  l'lague."  In  another  case  the  dam  or  reservoir  is 
leaking  so  badly  as  to  be  a  constant  menace.  In  another 
case  the  standpipe  is  so  badly  rusted  as  to  endanger  the 
system,  and  in  another  case  the  fire  service  in  certain  parts 
of  the  town  is  grossly  inadequate.  In  another  case  the 
rates  are  so  badly  planned  as  to  put  the  majority  of  the 
consumers  under  a  disadvantage,  in  order  to  favor  a  few 
people  with  a  pull.  In  another  case  the  town  is  taking 
water  from  a  grossly  polluted  or  inadequate  source  when 
they  could  very  advantageously  adopt  a  supply  of  unques- 
tioned superiority  and  economy.  In  some  cases  many  of 
these  defects  are  combined. 

These  are  only  a  few  of  the  probable  deficiencies  that  such 
an  inspection  would  note.  . 

To  make  a  mathematical  comparison  between  a  municipally 
and  privately  operated  waterworks,  it  is  necessary  to  assume 
the  same  conditions  of  efficiency.     As  soon  as  we  make  any 
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other  assumption   we  cannot  tell   where  to  stop,  so   that  a 
comparison  then   would  be  of  no   value. 

.1     W.    I.Kl'dl   X. 
Philadelphia,  Pa.  Consulting  Engineer. 
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Confirmation    of    Price 
Formula 

To  the  Editor:     I  am  sending  you  my    i  in   Justi- 

fication of  your  much  discussed  formula  ti 

e  .    which    formula    impressed    me    as    being    entirely 

logical,     win  n   I'n     lame  conclusions  are  reached   from  two 
different  procedures  of  logic,   I   .should   think   that  con- 
firmation of  the  formula  is  strongly  evidenced. 

prices  are  variable,  supply  and  demand  are  variable. 
Therefore,  it  is  really  the  rate  of  supply  and  demand  change 
that    determine   prices.     As    the    rate    of    monej  turno 

tutor  that  causes  rate  change  in  supply  and  demand 
(being  a  barometer  to  the  rate  oi  demand)  11  follows  that  if 
ate  of  money-turnover  is  used  as  an  equalizing  or  sta- 
bilizing ratio  to  prevent  or  absorb  imbalance  between  supply 
demand  so  that  their  rates  cf  increase  or  decrease  are 
in  relative  uniformity,  we  can  derive  a  formula  for  pri<  i 
change — as  all  rates  are  simply  ratios  and  ratios  can  be 
combined   to   compose   a   formula. 

Here  we  have  three  rates  or  ratios:  supply,  demand  and 
rate  of  money-turnover. 

If  we  use  currency  per  capita  as  demand,  and  average  pro- 
ductive efficiency  as  supply,  and  the  rate  of  money-turnover 
as  the  factor  to  keep  these  balanced,  then  by  having  a  stan- 
dard year,  we  can  determine  by  formula  prices  in  advance 
with  approximate  accuracy,  depending  upon  the  accuracy 
and  quantity  of  our  statistics. 

As  the  wholesale  sale  is  the  point  of  contact  between 
demand  and  supply,  then  (he  ratio  of  the  anticipating  index 
to  average  prices  will  be  the  index  to  average  wholesale 
prices. 

Quantitative  statistics  have  the  same  value  for  removing 
the  human  or  uncertain  factor  from  economics  that  they  have 
in  life  insurance  science. 

RICHARD   OLNET    EUBANK. 

Detroit,  Mich. 


Changes  in  Retail  Cost  of  Food 
The   (J.   s.   Department  of  Labor,   through   the   Bureau   of 

Statistics,  has  completed  the  compilation  showing 
es  in  the  retail  cost  of  food  in  15  representative  cities 
of  the  United  States. 

During  the  month  from  Jan.  15.  1922,  to  Feb.  13,  1922,  there 
decrease  in  eight  of  the  fifteen  citii  s,  as  follows:  In 
Manchester,  2  per  cent;  in  New  Haven.  Norfolk  and  Roches- 
ter, 1  per  cent;  in  Atlanta,  Bridgeport,  Cincinnati  and  New 
York,  less  than  five-tenths  of  1  per  cent.  In  the  other  seven 
cities  there  are  the  following  increases:  In  Butte,  Los  Ange- 
les and  Washington  there  was  an  increase  of  1  per  cent.  In 
Boston  Newark,  Philadelphia  and  San  Francisco  there  was 
an  increase  of  less  than  five-tenths  of  1  pel 

For  the  year  period,  Feb.  15,  1921,  to  Feb.  15,  1H22,  there 
decrease  of  16  per  cent  in  Norfolk,  12  per  cent  in 
Bridgeport,  11  per  cent  in  Cincinnati,  10  per  cent  in  Atlanta, 
Haven  and  San  Francisco,  9  per  cent  in  Boston,  Los 
Angeles,  Manchester.  Newark  and  Rochester,  8  per  cent  in 
Unite.  New  York  and  Washington,  D.  C,  and  7  per  cent  in 
Philadelphia. 

As  compared  with  the  average  cost  in  the  year  1912,  the 
retail  cost  of  food  of  Feb.  13,  1922  showed  an  increase  of  51 
per  cent  in  Washington,  D.  C;  47  per  cent  in  New  York;  45 
per  cent  in  Boston;  44  per  cent  in  Philadelphia;  43  per  cent 
in  .Manchester;  42  per  cent  in  Atlanta  and  New  Haven;  40 
per  cent  in  Cincinnati  and  Newark;  37  per  cent  in  San  Fran- 
cisco; and  35  per  cent  in  Los  Angeles.  Prices  were  not  ob- 
tained from  Bridgeport,  Butte,  Norfolk  and  Rochester,  in  1913, 
hence  no  comparison  for  the  9-year  period  can  be  given  for 
these  cities. 


Tri-State  Waterworks  Convention.— The  Tri-State  Water- 
works Association  of  Carolinas  and  Georgia  will  hold  its 
annual  convention  at  Spartanburg,  S.  C,  April  19-21.  W.  F. 
Stieglitz,  Columbia,  S.  C.,  is  secretary. 
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What  Cities  Are  Doing  in  the  Construction  Line 

lmpr.\<  nu  nt  >   UndtnTW*]     u  "u'   Suggestions  for  Bringing   About    Resumption  of  Public 

Outlined  in  Letters  from  City  Engineers 


Municipalities     Should     Carry     Out  Construction 

Program    This    Year. 


I    in    19] 


pro 

d  and 

•.\    building 

mother 

dI    situation 

Will     ! 

■ 

Qg    ll|ii)ll 

res   for 


Auburn.    \     Y 


\l      F.     IH    I.I.KA. 


Municipal    Improvement    Program    Resumed    at    Fort    Collins. 

municipal 
ee  largi  contracts, 
D   1  lis t  rit-t    N( 

tnd  Mountain 
ih    reinforced    coi 
paring 

iO  ft.  parking 

provtdi  'I   •'.  ■..  driveway 

gh  which  the  municipal 

ill  be  Improved  by  the 
addition  or  ,.ir  and 

ined  tunnel  640  ft.  long 
pipe,  thus  increasing  the 

I  sani- 
in   provide 

■  till  a  north 

to  bi 

JOHN    REVELL, 
istant 

■    of    Works. 
130.000.000  Worth  of  Sewers  Built  in   Last  3  Years  in   Detroit. 

miles,  fairly  well 

i  addi- 

nrbed. 
8   was 

■ 

I 

Public    Improvement*  at  Joplin   Furnished   Work  for  500  Men 
Last 


during  the  past   seven    peari       Imring  the  year  1921 

we  bull!  approximatelj  anltary  sewers,  ranging 

from  B  In.  t"  12  In     These  Bewers  were  an  'Ntenslon 

.•1.1  public  sew<  r  We  also  built  a  small  septic 

tank  at  a  rust  of  $3,000  ami  are  now  i  ogaged  in  constructing 

.i  larger  septic  tan!  entire  coal 

'   'i  Ion     and  tanks    is   about    I300,onu.     All 

work  was  done  bj  labor  employed  directly  by  the  citj 

and  only  home  labor  was  employed.     Approximately  500  men 

Iven  work  who  otherwise  would  have  been  unemployed 

during   this    past   year   or   who   would    have   been   forced    to 

vork  elsewh 

We  now  have  nu rous  small   lateral  sewers  under  con 

"ii   and     "v ei  al  ■  ted.     lmpro\ e  i  •  ats   are 

no!  being  forced  on  the  property  owners  but  they  are  co- 
operating  with  us  very  nlcelj  In  oui  efforts  to  keep  enough 
work  going  to  give  our  unemployed  labor  some  work  during 
this  time 
There  has  been  very  little  paving  done  in  the  past  three 
bul  we  will  probabl]   do  mo  e  during  this 

s.  p.  ASHCRAFT,  .11;  . 
Joplin,    Mil  city    Engineer. 

Grand  Rapids  Has  Large  Construction  Program. 
Grand  Rapids  alread]  ba  begun  a  large  program  of 
municipal  work  dating  bael  to  1920  1920  and  1921  were 
i  ii  norma]  years  for  quantity  ol  municipal  work  in  Grand 
Rapids.  1922  proml  es  re  spend- 
ing -fl.400.000  for  20   mill      ol    nev    pavement;    S100, 

new  sewers;  $100,000  for  new  water  mains,  and  $300,000  for 
an  addition  to  our  Biter  plant.  We  are  also  constructing  a 
new  concrete  bridge  at  a  rust  of  approximately  $200,000. 
We  are  contemplating  the  construction  of  our  sewage  sys- 
im!  the  building  of  a  sewage  disposal  plant  in  the  near 
future. 

Grand  Rapids  is  located  in  a  rich  fruit  and  general  farming 
district  and  is  the  distribution  center  for  western  Michigan, 
manufacture  principally  the  necessities  of  life 
and  the  demand  for  these  ni  cessities  did  not  cease  with  the 
war.  Grand  Rapids  has  never  been  a  boom  town  and  was 
not  effected  by  the  war.  as  were  other  towns  of  about  the 
same  size.  Thus,  with  a  retained  buying  power  the  people 
city  are  building  new  homes,  factories  and  municipal 
improvements.  Such  conditions  have  made  "Grand  Rapid 
a  good  place  to  live"  durin(    this  depression. 

C.  A.  PAIGE, 
Grand  Rapids.  Mich.  City  Engineer. 


Contemplates  40   Mile   Street  Improvement   Program. 
We  contemplate  a    10  mile  street  program  tor  the  season 
122     it  is  expected  thi     bids  will  be  asked  the  latt 
of   the  month. 

B.  L.   HARVEY, 
Moid,   111.  Publie    Engine*  r. 

Omaha   Proposes  720,000  Square  Yards  of  Paving  This  Year. 

The  only  class  of   Improvement   on   which   we   have   fall. 
behind   much   in   this   city    is   paving     We   have,   at  present. 
i    yd.    undei    contract    on    which   work    will 
begin  a~  soon  as  weather  pel  mils     We  received  bids  on 

oi  i  ]                                          rded  on  Feb.  2i 
n    bJbo  to  be  I  ■  -                     I  trcb   14  for  about   I 
I    and  we  are  pn  i  for  probably  200, yd 

We   spent   $500,000   foi  a       Five   pel 

bonds,  amounting  to  $500,000,  wore  sold  a  few  days 

mium  of  $34,515.     This   money   will   be  spent  on   main 

tor    which    111"    •  pays.      In    addit  1c 

ii.i\ .  pai Bd  for  a  large  number  of  di  tricl 

a    •    ted   aga  li       abutting  pro 
r  as   I  can  see  now  we  will  be  caught  up  prett;. 
with  all  public  facilities  year,  or 

year. 

HERM  W    I 
Om:  Engineei 
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Bridgeport   Has  Special    Fund  for  Work  for  Unemployed. 

We  have  not   shut   down   complec 
work  during  the  past  few  years  so  that  wo  are  not  v. 
behind. 

Last  year  we  had  a  special  appropriation  of  $300,000  to 
give  work  to  the  unemployed,  who  were  put  to  work  in  parks 
and  on  streets  on  public  improvements  which  were  mostl] 
labor. 

This  year  we  will  have  in  do  the  8  rhaps  on  a  larger 

In  handling  this  fund  the  Charities  Department 
as  a  City  Employment  Agency,  giving  the  ..  those 

who  seem  to  be  most  in  need  of  empl    .  nient. 

JAMES  A         .      RCl 
Bridgeport,  Conn.  .    City   Enj 


Municipal    Construction    Should    Be     Resumed     Now. 

Our   public   facilities,    such   as    water  .  stem    and 

storm   and   sanitary  sewers   systems,   have   fallen   behind   in 
the  matter  of  necessary  extensions. 

Our  trouble  is  lack  of  funds,  for  this  city  has  outgrown 
its  revenue.  Our  tax  rate  is  too  low  and  our  water  rates  are 
actually  the  same  as  those  in  effect  years  before  the  war. 

We  have  under  consideration  the  increasing  of  the  city's 
revenue. 

Advantage  should  be  taken  now  to  resume  municipal  con- 
struction, for  the  cost  of  labor  is  low,  and  I  don't  believe 
the  cost  of  materials  will  go  much  lower,  if  any.  Municipal 
officers  should  make  their  surveys,  place  their  house  in  order 
and  go  ahead.  What  would  apply  to  Montgomery  in  this 
connection  would  not  necessarily  apply  at  other  cities.  What 
we  need  is  confidence  in  the  future  and  in  our  great  country 
and   its  people,  and   the  nerve  to  go  ahead. 

H.  A.   WASHINGTON. 
Montgomery,   Ala.  City   Engineer. 


A  $11,000,000  Water  Plant   Bond   Issue  at   Kansas  City. 

The  Water  Department  of  Kansas  City  has  never  been 
able  to  supply  fully  the  demand  for  water.  There  is  a  move- 
ment to  vote  for  bonds  to  the  amount  of  $11,000,000,  to  be 
used  in  constructing  a  new  plant.  These  bonds  will  be  voted 
upon  April   4,    1922. 

We  have  kept  up  with  the  demand  for  new  sewers  and 
practically    so    in    new    pavements   and    repairs 

ROBERT  W.  WADDELL-, 
Kansas   City.    Mo.  City    Engineer. 

New  Haven  Proposes  to  Expend  $1,700,000  for  Improvements. 

In  no  year  since  1914  has  there  been  any  decided  slack- 
ening up  of  public  work  in  this  city.  In  the  past  seven  years 
there  have  been  very  active  seasons  in  which  street  paving. 
sewer  work  and  the  construction  of  bridges  have  been  car- 
ried forward  vigorously.  The  water  supply  is  in  the  control 
"i  a  private  corporation,  so  I  cannot  speak  concerning  mat- 
ters  pertaining  to  that   subject. 

During  the  past  seven  years  there  has  been  spent  for  new- 
pavements  the  sum  of  $1,970,000,  which  laid  over  50.5  miles. 
For  sewers  there  was  spent  the  sum  of  $630,000.  giving  11.6 
miles  of  new  work.  For  bridges  there  was  expended  about 
5400,000,  on  8  structures. 

For  the  year  1922  the  amount  of  $30 
for  pavements.     We  are  expecting  to  start    tie-  construction 
ol  a  new  bridge  this  spring,  the  cost  of  which  it  is  estimated 
will  be  over  $1,000,000.     Four  hundred  thousand  dollars  have 
been  asked  for  park  work. 

KDWARD  S.  METTLETON 
New   Haven.   Conn.  City    Eneineer. 

Has  Made   Up  Its  Deferred  Construction. 

The  city  of  Gloversville  fell  behind  on  pavement  construc- 
tion and  maintenance  during  the  years  1917  and  1918  and  on 
some  sewer  construction  during  the  same  years.  Since  that 
time  I  think  the  city  has  made  up  nearly  all  that  it  lost  during 
those  two  years  on  public  improvements. 

Last  year  the  city  spent  about  $165,000  on  construction 
work  and  probably  will  spend  that  much  this  year. 

H.    J.    HANMER. 
Gloversville.  N.  Y.  City  Engineer. 

Amendment   of   State    Constitution    Suggested   to   Allow    For- 
mation   of    Improvement    Districts. 
During  the  period  of  the  war  very  little  work  of  any  kind 
was  accomplished.    This  was  due  probably  to  three  reasons: 


First,  the  inability  to  market  I  k  ill  an 

at  par  ami  accrued  interest,  tl  pei   cent; 

second,  the  high  cost   ol'  such   work,  and   third,   the   di    Ire  to 
all    resources   to   work    n  winning    of 

the    war. 

None  of  our  facilities     it  rage,  pavements — 

have  kept  up  in  any  measure  ,\iti,  the  expansion  of  the  city. 

Such  Improvements  are  utterly  beyond  the  ability  of  the 

i  finance  at  the  present  time,  as  we  have  almost  reached 

■  ding   limit    under   the   charter. 

Aside  from  a  proposal  to  i  sue  i  at  -i'. 000,000  in  bonds 
for  such   improvements,  nothing   is   being  done. 

in  my  opinion,  the  only  soluti  natter  which  would 

permit    ol    the   financing   of   such    in  u    needed 

would  tie  an  amendment  to  the  state  constitution  authorizing 
tlte  inauguration  of  improvement  di  I  bich  the  im- 

nts    would  be   assessed   against   the   property   in   ac- 

cordance  with  benefits  received.  In  order  t>>  make  this  effec- 
the  Texas  homestead  law  would  have  to  be  amended. 
which  as  it  now  stands  does  not  permit  the  tixing  of  any  lien 
or  assessment  whatever  against  a  homestead.  A  homestead 
n  exempt  from  forced  sale  for  state,  county  or  munici- 
pal taxes. 

We  have  a  state  law  which  permits  certain  improvement 
districts  being  created,  such  as  roads,  paving  and  drainage, 
the  latter  applying  more  directly  to  country  drainage  districts. 
but  this  would  be  rather  cumbersome  of  application  to  munici- 
pal drainage  problems.  The  homestead  law,  however,  is  an 
obstacle  in  all  of  these  problems  which  cannot  be  overcome 
without  a  vote  by  the  people  of  the  entire  state. 

On  every  paving  improvement  that  is  undertaken  we  have 
this  problem  to  deal  with,  and  if  the  owner  of  a  homestead 
has  no  other  property  upon  which  an  assessment  can  be 
fixed  and  will  not  voluntarily  secure  the  paving  company 
for  the  paving  costs,  nothing  can  be  done  but  leave  thai 
portion  of  the  street  in  front  of  his  property  unpaved.  This 
is  a  condition  which  can  be  witnessed  in  every  Texas  city 
where  some  of  the  best  streets  have  unsightly  unpaved 
strips  in  the  street. 

Past  experience  has  shown  that  it  is  extremely  difficult  to 
secure  an  amendment  to  the  state  constitution  due  to  the 
indifference  of  the  majority  of  the  people  to  such  questions 
and  will  not  take  the  opportunity  of  looking  into  the  merits 
of  such  an  amendment  and  will  seek  to  play  safety  first  by 
voting  against  any  such  proposition.  I  have  no  doubt  but 
that  in  time  these  difficulties  will  be  overcome  but  for  the 
present  we  are  sadly  hampered  in  all  municipal  improvement 
work. 

J.    C.    McVEA. 
Houston.  Tex.  City  Engineer. 

Education    of    Public    by    Engineer    a    Means    for    Causing    Re- 
sumption   of    Work. 

Paving  and  sewers  were  of  course  to  a  great  extent  held 
up  during  the  war  period,  but  a  great  part  of  this  has  been 
caught  up  during  1920  and  1921.  The  city  has  at  present 
under  consideration  three  extensive  sewer  problems  which 
will  very  likely  be  started  in  1922  and  1923.  Inability  to 
repair  streets  during  the  war  period  caused  a  great  deteriora- 
tion of  downtown  streets  and  during  1920  and  1921  very 
nearly  the  entire  downtown  section  was  resurfaced  and  more 
of  these  streets  will  be  resurfaced  this  year,  and  considerable 
tew  construction  built.  Expense  of  construction  also  held 
up  track  elevation  and  flood  prevention  work.  Track 
tion  work  is  now  progressing  slowly  but  it  is  hoped  to  be 
able  to  continue  this  elevation  as  fast  as  the  financial  con- 
dition of  the  railroad  companies  will  permit.  Plans  are  now- 
being  prepared  for  the  finishing  of  flood  prevention  which 
will  necessitate  the  construction  or  reconstruction  of  five 
bridges. 

I  believe  public  work  should  he  carried  on  just  as  fast 
as  financial  conditions  of  the  city  will  permit.  In  view  of 
the  fact  that  the  biggest  end  of  the  large  improvements  are 
of  lasting  benefit.  I  am  in  favor  of  doing  this  work  by  long 
period   bond   issue. 

I   believe   the   best   method    for   causing   a   resumption    of 
municipal    construction    is    in    education   which    can   best   be 
done   by   the   engineers   of  the   country   and   the   advocating 
of  public  work  by  long  term  bond  issue,  which   will 
the  cost  and  make  the  immediate  burden  as  light  as  possible. 

J.   L.   ELLIOTT, 
Indianapolis,  Ind.  city   Civil   Engineer. 
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»600,000  for  Sewer*  at   Paducah. 

,     I  eciably 

■    ■ 

traction  »iii  b  "  in,° 

m  under  «.,-■ 
II     ;  ot  Ibll  •  t0  be 

:  -  111  the  next  two 

HEN  1.1  \M. 

oner  ol  Pnbll 


Sewerage   and    Building   Construction   at   Lincoln. 

:   ih.ii   our 
.  bind  In  thi  i    years, 

• 

a  kepi 
in  pracl  Ically  .i  noi 
We   nave   slackened    up   in    paving   during    the   last    three 

we  laid  during  an 

ial  it  will  be  no  parti' 
uliir  d  b  ■ 

In  ;  •  ■  action  of  a 

>,  and   this   will   be 

disposal    planl    contracts  will 

•  i  ,n  June    \s  son  ■  97  : nt  ot  our  population 

i  nrer  lateral  i  spec!   anj 

i    m  that   line. 
In  the  line  of  public  building.  I  would  say  that  we  are  about 

fruition  of  a  f20".i city  hospital. 

IRQB  W.  BATES, 
Un  Citj    Engii 

Muskogee    Could    Expend    $1,675,000,    But— 

The  City  of  Muskogee  today  is  In  serious  need 

Two  rcw   Are   stations  and    • 

■  ips 
'he  county  court   noiMN  500,000 

Water  filtration  plan'  new  turbine 

pum; 

Municipal    paving    plant  15,000 

appropriation  fori  100.000 



30,000   feet   lateral    oj 

5  miles   ravine  lor  I..  

10  miles  clay-gravel 
Elimination    • 

Fair.  . .   100.000 
•  nls     courts. 

•  i  ! 

50,000 

But  all  of  this  is  merely  an  engineer's  and  citj    plam 

until     tran  itly   reduced; 

-  itructlon    labor   is    cut    In  Is    worth    par 

and   Interest   with  a  premium   of  1   to  2  per  cent,  and  busi- 

lally    the   agriculture   and   oil   and   coal    business 

and    i  -can   be   doing   business   at   a   profit   they 

:  teel 

n  cany  on.  the  units  of 
that   community    musl    I"  '         people 

fattened   on    national    propaganda — the   na- 
tures are  looking  larger  to   the  tai 
lhey  do  nor  •  my  and 

ich,  hut  with  franchises  and  public 
and    wage    and    tJ  Qg    hold 

no  due 

nil    and    hopeful    waiting    until 

•■  ith   some  slight  degree 

JOHN   R    MARCH, 
Mui-V:  Engineer. 

The   Situation   at   Altoona,  Pa. 

and     u | .    !■ 

problem, 

•■Mil  require 
final 

hi    the 


water   storage   reservoirs,    which    will   require   about    5    miles 
and    12-in.    sewer-,    estimated    to    iu-i     about     Si',. nun. 
is    much    public    sentiment    In    favor    of    building    this 
-.  wer,  but  no  provision  has  ye!  been  made  tor  financing  this 
Bient 
Sewer   construction   in    1921,    when    $335,000   was   expended, 
brought   our  sewerage  facilities   to  the  point   where  no  large 
extensions   are   needed,     Perhap     oui    greatest    need    is   fur 
i construction  of  old  Bewers,    '.inch  should  be  undertaken  in 
ii'  future,  requiring  an  expenditure  of  about  $100,000. 
pa  an-  being  taken  al   present   outside  of  preliminary 
ation  work, 
Utooiia    has    a    large    yardage    of    brick    pavements,    much 
of   which   req  rfaclng.     To   do   so   through   current 

inures  will  require  the  etting  aside  of  S2.">.noo  to 
(30,000  per  annum  for  this  purpose,  our  current  appropria- 
tion is  too  small  to  permit  ue  to  do  more  than  a  small  part 
ol  the  needed  con ,i  j ear.     New  paving  construc- 

tion   as    far   as    ftaanclni  rned   are 

ol  propertj  owner    to  petition 
for  paving  Improvements,  as  the  cost  is  .,- 
abuttin)    property.    Ho  have  jumped  to 

such    a    figure   and   unemployment    has    1 n    BO    general   that 

the  property  owners  ha\e   not   petitioned   for  paving  in  the 

ilumi         in  the  years  preceding  iiht.     Whether  they 

will  do  so  this  year   remains   to  be  inly   a   small 

amount  is  on  our  schedule  at  this  writing. 

To  expedite  construction  a  general  resumption  of  business 

necessary,  as    such    a    large    percentage    of    Altoona 

people  depend  directly  on   th<    activity  of  the  Pennsylvania 

ol    shops    and    the   long   period    of   unemployment    is 

onducive  to  the  undertaking  of  much  now  work,  either 

on  assessment  or  bond  Issue  basis. 

H.  J.  BAUM, 
Altoona.  Pa  City  Engineer. 


Waterworks    Improvements    at    Walla    Walla. 

The  city  of  Walls  Walla  has  kept  up  a  pretty  good  im- 
provement plan  with  the  exception  of  last  year,  in  practically 
all  lines  of  municipal  work.  This  year  we  intend  spending 
approximately  $500,000  on  our  water  works  betterments, 
which  includes,  additional  extensions  of  the  gravity  supply 
;u]ie  lines  and  about  $250,000  for  a  distributing  reservoir.  In 
addition  to  this  the  water  department  spent  last  year  approx- 
imately $50,000  for  the  renewal  of  a  portion  of  the  gravity 
supply  pipe  line.  With  this  expenditure  the  water  system 
will  be  practically  up  to  date. 

A  considerable  paving  program  is  being  formulated,  but 
whether  it  will  be  carried  out  or  not,  I  am  unable  to  say  at 
this  time. 

The  city  of  Walla  Walla  is  practically  all  sewered  with  tin- 
exception  of  some  of  the  outlying  districts  which  are  not  very 
thickly  populated. 

Considerable  building  construction  is  being  considered,  and 
from   the   present    pros]  I    would    say    that   in   another 

month  that  quite  a  few  contracts  will  he  let. 

W.   R    REHORN, 

Walla  Walla.  Wash.  Citj   Engineer. 


Paving  Contemplated  at   Boise   City. 
Waterworks  are  privatelj    owned  and  managed.     The  city 

aothinj   to  do  witl  ci  pi  pay  the  bills. 

The   entire  city    is   sewi  being   built 

up  is  concerned     ]  b  itlying  districts  recently 

to   the   citj    thai    are   not    sewered   and  will  not  have 
these  Improvements  for  Borne  time  I  cause  of  the 

prohibitive  cost,  our  lewers  empty  into  the  river  untreated 
tl  present  below  any  Immediate  taking  of  water  for  irrlga- 
I  ion  and  some  miles  aho\  I 

We  need  Bewer  treatment    which  will  be  expensive,  as  It 

means    a    pumping    plant    a  inieiit    works.      No 

movement   has  1 n  started  to  undertake   this  improvement. 

One  .'.ear  ago  the  main  tended    '_■   mile  to  take  the 

belov,    head  ol   Irrli  itlon  ditel 
We    have   a    program    laid    out    contemplating   about   45,000 
new  pavement  and  2,700  Bq    yd    allej   pavement  also 
10,266  '    "i    alley    p  nd    approxi- 

mate]-, alt   pavement,     l'ossibly 

there    may    be    more    paving    done    If    property    owni 

c    C    STEVENSON, 
City,  Idaho.  City  Engineer. 
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Better  Prices  for   Bonds  Would   Bring   More  Construction. 

We  are  not  verj   much  behind  in  keeping   up  our  general 

improvements.  During  the  past  three  years  we  have  laid 
three  miles  of  asphalt  streets,  built  a  new  water  aupplj 
equipped  with  modern  centrifugal,  electrical  driven  pumps. 
and  have  a  program  of  three  miles  more  of  paving  this 
season. 

We  hardly  know  what  conditions  we  will  meet  with  in 
the  bond  market;  however,  if  it  would  be  possible  tor  your 
organization  to  bring  about  a  more  helpful  condition  from 
bonding  houses,  much  more  work  would  be  undertaken. 

Conditions  here  show  that  labor  and  material  are  nol   far 
out  of  the  way.  and  our  only  fear  is 
as  they  should.  .    T.  11    ZBLL, 

Xenia,  O.  City  Auditoi 


St.    Joseph    Will    Vote    on    $3,400,000    Bond    Issue    for    Public 
Work. 

Until  1916  there  was  no  appreciable  "let  up"  in  anj  of 
our   public  improvements,   as   there   had    I  reased 

cost  of  doing  the  work.  However,  in  the  early  part  of  L916 
prices  started  to  go  up,  and  the  effect  was  verj  noti< 
as  soon  as  the  work  which  was  under  waj  bad  bi  en  finished. 
Since  that  time,  the  improvements  have  not  kept  pace  with 
the  wear  and  our  pavements,  particularly  i 
out  faster  than  we  have  been  renewing  them.  A:  prices  have 
fallen,  the  amount  of  work  has  gradually  increased.  In  the 
matter  of  sewerage  and  waterworks,  I  think  that  we  are 
just  about  holding  our  own  at  the  present  time,  but  in  the 
matter  of  pavements  we  are  not  yet  back  to  where  we  are 
"holding  our  own."  I  think  this  is  due  very  largely  to  the 
increased  use  of  the  truck  and  a  general  increase  in  the  vol- 
ume of  vehicles  using  the  streets.  There  are  a  great  many 
streets  which  were  built  for  a  much  lighter  traffic  which 
are  being  destroyed  by  this  heavy  traffic,  which  would,  under 
the  traffic  for  which  they  were  built,  last  for  a  number  of 
years. 

This  section,  like  a  great  many  others,  is  suffering  at  the 
present  time  from  the  shrinkage  of  stocks  on  hand,  and  also 
from  the  limited  amount  of  employment.  .Merchants  have 
made  little  or  no  money,  and  some  of  our  huge  wholesale 
houses,  of  course,  lost  money.  It  is  a  very  difficult  matter 
to  convince  people  who  are  either  out  of  employment  or 
who  are  not  making  money  at  their  business,  that  they  should 
go  ahead  with  public  improvements  that  must  be  paid  for 
by  them  immediately.  However,  a  certain  amount  of  this 
work  must  be  done  to  keep  our  streets  passable  and  maintain 
the  health  of  the  community.  It  is,  therefore,  impossible 
to  get  back  to  the  stride  we  had  before  the  war  until  people 
have  the  money  to  pay  for  these  improvements. 

We  believe  here  that  a  certain  class  of  improvements 
Which  we  can  pay  for  by  bond  issues  should  be  done  al 
time  to  give  employment  to  a  number  of  our  people  and  to 
stimulate  general  conditions.  These  bonds  are  retired  over 
a  20-year  period,  and  while  we  get  the  advantage  of  the  m 
provements  at  the  present  time,  they  will  be  paid  tor  at  a 
time  when  we  believe  people  generally  will  be  in  better 
condition  to  make  the  payment  than  they  are  no 

The  council  has  passed  ordinances  providing  lor  a  general 
election  on  different  projects  aggregating  $3,400,000.  These 
projects  include  the  extension  of  sewers  construction  of  City 
hall,  museum,  soldiers'  memorial,  construction  of  municipal 
light  plant,  purchase  of  an  asphalt  repair  plant,  and  a  number 
of  others.    This  election  will  be  held  April  11. 

In  order  to  bring  about  a  general  resumption  of  municipal 
construction,  I  believe  that  the  cost  of  doing  work  must  either 
oe  reduced  or  the  taxpayers  convinced  that  no  lower  level 
will  lie  obtained  for  some  time  to  come. 

W.   K.   SKITZ, 

St.  Joseph.  Mo.  City  Engineer. 


Results  of  Mosquito  Control  Work  in  New  Jersey.— In  an 
address  at  the  recent  convention  of  the  New  Jersey  Mos- 
quito Extermination  Association  it  was  stated  that  as  a  result 
of  mosquito  control  work  in  the  state  in  the  last  seven  years, 
malarial  cases  had  been  reduced  from  771  in  1914  to  83  in 
1921  and  not  less  than  $1,000,000  had  been  added  thereby 
to  the  wealth  of  the  state.  Hudson  County  alone  had  reduced 
the  pest  from  100  per  cent  in  1914  to  less  than  §  per  cent  in 
1921  and  the  economic  results  could  be  seen  in  every 
direction. 


Cost  Accounting   and  Bookkeeping 

Records  for   Consulting  and 

Practicing  Engineers 

Necessity  and  Advantages  of  Proper  Bookkeeping 
Systems  and  Records  for  Engineers  Discussed 
in  Paper  Presented  at  American  Asso- 
ciation of  Engineers'  Conference 
of  Practicing  Engineers 
Bj     \KTIII  K    I.     MULLEB  [REN. 
're  m;ike  ;i  success  id'  the  englm  erin  ess,   business 

i  hulls  must  be  employed.     The  prime  object   of  anj 

Is  to  make  a  profit.     How    are  the   trui    profit     deter 
mined   m  the  operation  of  a  business'.'     From   the   reco 
the   operations.     Suppose   there   were    no    record     kept,    yel 
I  in-    owner   Of    the    business    always    D 

left  niter  paying  his  expenses,  which  we  will    b 
included  his  personal  living  expenses.     Was  a   profit   really 
made  in  the  business?    That  would  depend  upon  whether  or 
nut    the   owner    was   gradually   consuming   his   previously   ae 

ii tinted   capital   unknowingly.     His  capital   may   have  been 

money,  goods  or  tools.  If  he  is  a  practicing  engineer  thor- 
oughly trained  in  the  science,  with  little  or  no  money  to 
Mm  nmy  say  he  has  no  capital.  Nevertheless,  he  htis, 
and  the  amount  depends  upon  his  knowledge  and  i  spi  inn., 
tin  i,  lure,  if  this  training  and  experience  is  nut  cap! 
.mi]  put  upon  its  maximum  earning  basis,  the  engineer  is 
losing  money. 

Accurate    Accounts    of    Operations    Essential. — In    order    to 

properh    determine  his  tr amine.      Hi,    .niLiine.n    must    I |i 

an  accurate  account  of  his  operations  in  the  same  manner 
that  any  other  business  keeps  a  record.  There  may  be  a 
difference  in  the  kind  of  records,  but  the  fundamental  prin- 
ciples will  remain  the  same.  Cost  accounting  in  the  practice 
of  engineering  is  as  essential  as  in  the  industrial  line.  In 
order  to  keep  properly  accurate  cost  records  of  the  various 
projects  handled,  a  proper  system  of  books  must  be  used. 
The  large  engineering  organizations  of  todaj  that  handle 
both  engineering  and  construction  keep  such  records,  but 
the  independent  practicing  engineer  and  the  average  con- 
sulting engineering  organization  maintain  few,  if  any,  records 
of  their  operations.  Therefore,  they  are  not  able  to  deter- 
mine whether  or  not  the  business  is  on  its  maximum  earn- 
ing basis. 

System  Depends  on  Organization  and  Volume  of  Work. — 
The  proper  system  to  be  used  for  any  engineering  business 
will  depend  upon  the  kind  and  size  of  organization  and  the 
volume  of  work  handled.  The  larger  the  organization  and 
volume  of  business,  the  more  elaborate  should  be  the  detail 
of  accounts.  The  records  installed  should  be  neither  bur- 
densome nor  expensive  to  maintain,  but  in  keeping  with  the 
business  in  hand  and  so  established  that  the  system  can  be 
expanded  as  the  organization  and  business  grow.  The  funda- 
mental  system   should,   therefore,   be   established   with   care. 

As   the   average   engineer  is   not   very   well    versed 
counting  practices,  he  should  at  the  start  engage  a  certified 
or  public  accountant  to  establish  the  system.    The  accountant 
should  be  fully  advised  as  to  the  character  and  extent  of  the 
bush*  i      i    Hie  time,  and  the  ultimate  scope  and 

possible  extent.  This  information  will  enable  the  accountant 
to  open  a  system  to  fit  the  present  needs  and  one  that  can 
be  expanded  as  the  business  warrants. 

In  establishing  the  system  of  records  the  engineer  should 
bear  in  mind  that  his  activities  broaden  with  time,  so  that 
his  present  activities  are  not  altogether  indicative  of  the 
future  scope  and  possibilities.  I  am  giving  herewith  a  sys- 
tem that  has  been  in  use  in  our  organization  for  a  number 
of  years,  and  as  it  seems  to  fit  the  needs  of  the  engineer 
and  la  capable  of  expansion,  it  may  be  of  some  benefit  to  the 
practicing  engineer.  The  basic  records  consist  of  the 
following: 

Cash    Bool 

.,rd. 

.7. ,ni  rial 

Voucher  Record. 

1  !eni  ral   Ledger. 

Project   Record 

For  a  smaller  volume  of  business,  all  of  thp  above  records 
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advan 

;i  volume  ol 

ted   and 

The  Voucher  System.-  -The  system  I  ai  ■  mbod 

and  the 

ping  ol 
:  otlon  ol  -  a   per- 

mail.  •  oi  Iginal 

ii  her  should  torm  thai 

■ 

louW    now 

iichei  number,  qui  ■  bj   w  hich 

the   distribution   ol    the  bj    the 

should    be    numbi  tlvelj 

.  ,1  mi  num<  rl  In  the  voucher 

,    or  numerical   order,    which    record   also   ahov 
imount  of  the  voucher  and  the  date  when  ; 

Hating  the 

voucher   can    be 

raadil]  "i>  shows  the  dates  of  all  cash 

int,  by  whom  paid,  and  the  date  of  deposit 

m  the  back.    The  Journal  needs  no  particular  explanation, 

hut  it  is  need  in  adjusting  accounts  and  making  correcting 

toi    the  recording 
•if  all  checks  In  numerical  ordi  nance,  check 

numb  ad   account   or    voucher   number   to   which 

The    Asset    and     Liability    Accounts.      The     general      ledger 

i  ami  liability  accounts.     For  the  average 
■  I  -  would  consist  of  the 
following: 

The  liability  accounts  would 

The   remaining  capital  stock,   or 

nt  work,  surplus,  Income  and  expenses. 
The    Income   Account.-   The   income   account    should   be   di- 
llaneous,"  as  it  is  advisable  to 
keep  the   mi  miscellaneous   purposes   sop- 

■ \pense 

:.i  should  he  subdivided  and  the  extent  of  the  subdivi- 

.11  depend  largel)   on  the  size  of  the  organization.     The 

following    classification    of    expense   account    will    probably 

itely  for  a  general  engineering  practice: 

■ 

IT:i 

pense. 

The   Project  Cost   Records.     The  project   i  uUld   jn- 

nijects 
being  hand!'  .  ■      Balarie 

•ding   and   bi  I  blue   printing  sup- 

•   n'    actually  en- 
■  ■  project  e 

m  urred 
tor  handling  the  particular  pi  i   will  have 

a  sop.v 

pense 
,    opi  ■  Ij   termed 
h  month  tie    ■ 
various    pro 

BCl       The 

■  • 


'I"   actual  co  .i,|  the  difference  between 

mount   ami  tie'  i,, i   i    ..         ci  Med   will   represent   the 

on  the  work.     The  projeel  ■    pi  fc  pt  in  a 

te   loose  leaf  book   in   alphabetical  order  and   the   sum 

so   project  expenses   would   represent   the  total   project 

liowti  in  the  gi  neral  ledger. 

In   order  to   keep  an   ai  >i    lor  each   project, 

.ill   assistants  as   well  as   principals  should   keep  an  accurate 

ul  Ion  of  the  time  •  n.  aged  on  anj  particular  job.    Also, 

;i"  '" '"  deling,  hotel,  etc,  should 

be  filled   in  the  torm  of  an  i   mi   at    the  end  of. 

month,   Bhowlng    the    distribution    of   the   expenses   to 

each   job.     This   expense   account    and   distribution   of   time 

an  then  be  readily  charged  to  each  project. 

The    purpose  of  this  discussion   is  to  show   the  necessity 

idvantages  of  proper  I kkeeping  systems  and  cost  ac- 

icords  for  engineers  and  the  brief  outline  of  the 
km. I  ol  a  .system  is  given  merely  to  BhOW  that  it  is  not  an 
expensive  nor  burdensome  matter  to  maintain  proper  records. 
It  is  firmly  believed  that  if  the  practicing  engineers  kept 
such  records  in  the  proper  manner  and  ascertained  the  true 
cost  for  handling  particular  classes  of  work,  that  more  ade- 
quate fees  would  be  received  in  a  great  many  cases.  The 
small   fees  that  are  received  in  a  great  m  ,.s  are 

due  to  the  lack  of  knowledge  ol  what  it  really  costs  to  per- 
form the  services  contracted  for.  It  is,  thei  d  that 
the  practicing  engineers  will  systematize  their  business  and 
keep  such  accounts  and  endeavor  to  conduct  their  business 
along  business  lines,  and  if  this  is  done  the  engineering  pro- 
fession in  general  will  benefit,  as  adequate  fees  will  be 
charged.  Xo  one  desires  to  handle  any  particular  class  ol 
business  at  a  loss  and  the  onlj  way  to  determine  whether  or 
lol  be  ts  operating  at  a  1  eep  an  accurate  record  of 
cost  of  his  operations. 


The    Treatment  of   Carbon    Monoxide    Poisoning 

Carbon  monoxide  poisoning  is  one  of  the  most  widely  dis- 
tributed and  most  frequent  of  industrial  accidents,  says  the 
CJ.  S.  Public  Health  Service  The  gas  is  without  color,  odor 
or  taste.  It  is  an  ever-pre  tit  danger  about  blast  and  coke 
Eurnaces  and' foundries.  It  may  he  found  in  a  building  having 
i  Leaky  furnace  or  chimin  >  or  a  gas  stove  without  flue  con- 
nection, such  as  a  tenement,  tailor  shop,  or  boarding  house. 
hatist  gases  of  gasoline  automobiles  contain  from  -I 
to  il'  per  cent  of  carbon  monoxide,  and  in  closed  garages 
men  are  not  infrequently  found  dead  Inside  a  running  motor. 
A  similar  danger  may  arise  from  gasoline  engines  in  launch- 

The  gas  is  formed  also   in  stoks-rooms,   in  gun   tu 
on    battleships,   in   petroleum    refineries,    and    in    tie-    Leblanc 
soda  process   in   cement   and    brick    plants.     In   underground 
work  is  may  appear  as  tl  ot   shot  firing,  mine  explo- 

sions, or  mine  fires,  or  in  tunnels  from  automobile  exhausts 
or  from  coal  or  oil  burning  locomotives. 

Carbon  monoxide  exerts  its  extremely  dangerous  action  on 

the   body    by   displacing   oxygen    from    its    combination    with 

hemoglobin,  the  coloring  matter  of  the  blood  which  normally 

absorbs  oxygen  from   the  air   in   I  he  lungs  and   delivers   it   to 

i  'tit  tissues  ot  the  body. 

Oxygen  will  replace  carbon  monoxide  in  combination  with 
hemoglobin  whenever  n.  .,   ,,t   oxygen   in   the  lungs 

is  overwhelmingly  greater      Therefi 

i       Administer  oxygen  ulckly  as   possible,   and   in   as 

pur''    form   as   is  obtainable,    preferably    from    a    cylinder   of 
oxygen  through  tin  inhaler  mask. 

2.  Remove    patient    from    atmc  phen     containing 
monoxide. 

3.  If  breathing  is   feeble,   at  once   start  artificial   respira 
tion  by  the  prone  posture  method. 

4.  Keep  the  victim   fiat,   quiet,  and   warm 

5.  Afterwards  give  plenty  ol 


Great    Industrial     Improvement    Predicted. — A    forecase    ot 

great  Industrial   Improvement    for  the  month  of  March  was 

ch  5  t     the  1  nit'  d  States  employment  service,  in 

connection  with  its  monlhh  report  ol  employment  conditions 
■  iim  United  States.  "Reports  from  231  of  the  principal 
industrial  centers,  with  hut  fi  exceptions,  show  a  general 
Improvement  in  employmenl  conditions."  Director  .Tones  of 
vice  announced,  ".ami  breathe  an  enthusiastic  spirit 

of    hope    and    confidence    in    tin     tii'uro       Weather    permitting, 
March   will   begin   an  era   Ol  fie.it    activity." 
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Construction  Features  of  Hetch 
Hetchy  Dam 

Construction  is  now  well  advanced  on  the  Hetch  Hetchy 
•lam  of  th<>  new  water  supply  development  ol  s.m  Francisco. 

The  dam  is  to  be  of  the  gravity  type,  an  hed  in  plan,  with 
the  radius  ni   the  up-stream  lace  al   the  crest   Tee  ft     The 
cross-section,  at  the  maximum  section,  i      liown  in  thi 
panying  drawing.     The  principal  dimensions  are  as  follows: 

Total  length  on  crest,  in  feet       

i  of  crest  above  stream  level,  In 
Depth    from   stream    level    to    bed-rock. 

dam.  maximum,  in  feet   

Total  height  of  dam,  above  bed-rock.  In 

Width  at  top.  in  feet   

Width  at  base,  maximum,  in  feet    

Volume  of  masonry,  In  cu.  yd 400,000 

Most  of  the  dam  will  be  of  1:3:6  concrete  embedded  with 
large  stones.  For  the  concrete  against  the  foundation,  the 
cut-off  trench,  the  up-stream  face,  and  the  down-stream  face 
in  the  spillway  section,  a  1:2%:5  mixture  is  to  be  used  to 
give  greater  impermeability. 

The    limiting     working    stresses     in     the     design     wei 
follows: 

per 
Pressure  normal  to  Joint,  up-stream  toe: 

^  i  lir  empty    25 

Reservoir  full    16 

Maximum    pressure    in   section,    under  worst  combination 
editions    and    lasting    for    comparatively    short 
■  -:"ds  of  time  27.6 

No  tension  was  permitted  in  the  concrete.  On  each  joint, 
upward  water  pressure  was  considered  as  acting  at  the  up- 
stream face  with  an  intensity  of  two-thirds  the  total  hydro- 
static head  and  diminishing  uniformly  to  zero  at  the  down- 
m  lace.  On  the  foundation  joint,  an  upward  pressure 
of  two-thirds  the  hydrostatic  head  due  to  the  backwater  was 
also  considered. 

The  dam  is  to  be  penetrated  by  a  system  of  inspection 
tunnels,  inspection  wells,  and  drainage  wells.  The  Inspec 
tion  wells  will  be  lined  with  dense  concreti  blo<  ka  and 
equipped  with  ladders.  The  drainage  wells  will  be  in  porous 
concrete  blocks  and  will  be   15  in.   square. 

Radial   contraction   joints,    sealed    by   bent    copper    water 
stops,  are  provided  at  intervals  of  about   100   ft.,   measured 
along   the    up-stream    face.      Each    contraction    joint    bisects 
an   inspection    well.     The   crest 
of   the  dam  will   be   used   as   a 
roadway,  in  both  the  initial  and 
ultimate    developments. 

Spillway. — The  ultimate  dam 
will    have    a    spillway    of    the 

>ii  type,  with  a  channel  to 
carry  the  wraste  water  around 
one  end  of  the  dam.  A  siphon 
spillway  has  been  adopted  for 
the  initial  dam.  and  will  be  in 
eighteen  sections,  staggered  in 
elevation  to  obviate  vacuum  ef- 
fects, with  a  total  length  of 
clear  openings  of  180  ft.  6  in. 
Each  section  will  be  8  ft.  high 
at  the  entrance,  tapering  to  4 
ft  at  the  crest  of  the  siphon, 
and  will  have  two  air  vents, 
each  12  by  24  in 

Outlet  System. — There  will  be 
twelve  outlet  conduits,  six  of 
which  will  be  each  5  ft.  in 
diameter,  and  arranged  in  pairs 
at  three  levels.  These  will 
discharge  water  (in  quantities 
up  to  3.000  sec.-ft.)  which  un- 
der certain  conditions  of  river 
flow  is  permitted  to  pass  the 
dam  for  the  use  of  irrigation 
districts  in  the  lower  reaches 
of  the  Tuolumne  River.  Each 
of  the  other  six  outlets  will  be 
3  ft.  6  in.  in  diameter  in  two 
groups  of  three,  and  will  dis- 
charge   the    water    for   the    city 


supply,     The    smaller   outlets    will    ultimately    discharge   di 
i .'.  tlj    mi, i  the  aqueduct   tui  ted  In  i  onnec 

tion    with    the    future    pov     I  |    uly     Intake. 

eas  the  water  for  Irrigation  may  flow  dlrectl)  down  the 
i  be  i  Iver, 

The  e                 in  ,  will  be  regulated  bj  balanced 

needle-valves  with  tie'   Larm                            ,i   control.     At 

the    entrance    to    the   conduit    thi  h:     gate    with 

hydraulic  cylinder  operation  reinforced   concrete 

tftslaoTPam  rUd.700  ft. 

...     *        ="■} ",  .**-  HETCH  HETCHY  DAM 

^7J-r    \   «5^  MAXIMUM  SECTION 

*|   !j       \^  Dam  now  under  construction  ii  shown 

:  I    {!  \  hutched,  ultimate  extension  indiotnl 

><    i       ,  A  by  doited  lines. 
3750    j    i    n'o    \ 


J  the  projection  upon  a  radial  plane, 
of  maximum  depth 


Section    of    Hetch   Hetchy   Dai 


General    View    of    Dam    Site    L 

Ready    for    Depositing 

Pieces  of  Rock  Piled 


ooking    Down    Stream.  Taken   May  15,   1921.      Chutes  Are  in   Place 
Concrete    in    Lowest    Portion   of    Foundation.      The    Large 
in  the  Foundation    Will   Be   Embedded   in  the  Concrete. 
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a    the    wall    i 
thus    pr«'\  l.lsi..  tor   in- 

Stream      Control       During      Construction.      The      maximum 

n  of  the  Tuo 
during 

planned 
thai  quantlt) 

tunnel  lower 

threi       ft.  6  li  placed  later 

•  innel 

of    11' 

In    timbers  thed   with  a 

-    In.   plank,  with   -  burlap 

■  i 
pro\ 
•  ■•    dam  was  built  Jusl   up-stream   rrom  the  lower 
•  ralon  tunnel,  water  disci 

tunnel  from  back.!  This 

.in  boulders  and  ■  I,  and  is  51 

ft.  long  <>n  top.    Its  foundation 

Contract    Prices  trad    for    thi     construction    of 


tial    development    ot    tin-    l  letch    lietchy    <iaiu    was 

awarded  on  Aug.  1.  1919,  to  the  I'tah  Construction  Co.,  at  a 

aati  d  prlci  72.    The  principal  items  were: 


Approximate 
quantlt  i 


l 'nit  prices  ., 

V.DOVI 

ii.:. in  bed 


South    Abutment    and    Concrete    Pt.int;      Note     the    Stepp 


I  on  In  .i.imi 
tlon. 

rock  

in      masonr) 

■  •  with  i i  i  lea 

..f   plums    

I, 

Excavation  for  Foundations.  A  steam  shovel  was  used 
for  the  greater  part  of  the  excavation  In  the  dam  sit.-,  loading 
directly  into  dump  cars,     v  too  cramped 

to   permit   steam  slim  .■!   operation,    thi    final    2 0   yd.   was 

i  into  the  Bklps  by  hand.  The  skips  were  emptied  into 
trains  running  on  trestles  along  the  north  and  south  walls 
of  the  gorge. 

Excavation  on  the  sidewalks  and  n  trench  above 
earn  bed  level  was  carried  on  by  drilling  with  jack- 
hammers  and  shooting  and  barring  down  the  material  to  the 
river  bed,  where  it  was  loaded  into  trains  of  narrow  gauge 
•I  yd.  side-dump  cars  by  a  Marion  No.  36  steam  sho>. 
crawler  treads.  The  trains  were  hauled  by  IS-ton  saddle- 
tank   l mot  Ive     to  a  plant 

and  tie    excavated  material  was  dumped  there,  where  it  can 

ccavated  to  be 
i  .1  .mil  ci  UBhed  for  con- 
ition. 
tin  reaching  tb.-  river  bed 
level  the  steam  shovel  was  used 
in  excavating  tie  foundation 
pit  for  a  deptli  .>i  ';.">  ft.  to  ele- 
vation 3,435.  In  the  lower  part 
of  the  steam  shovel  excavation, 
the  trains  operated  on  a  very 
steep  incline,  with  a  maximum 
grade  of  20  per  cent.  The  trains 
were  worked  on  a  counterbal- 
ance system,  the  empty  train 
entering  the  pit  helping  the 
loaded  train  up  the  steep  grade. 
The  total  excavation  for  foun- 
dations was  165,000  cu.  yd.,  of 
which  100,000  cu.  yd.  was  solid 
rock.  The  trains  dumped  the 
l  on  the  floor  of  the  val- 
.1  much  of  the  dumped 
rock  will  be  used  for  concrete 
aggregate.  Large  rock  frag- 
ments and  boulders  were  placed 
by  derricks  on  convenient  cor- 
ners and  ledges  for  storage  un- 
til required  for  plumbs  in  the 
cyclopean  masonry.  The  low- 
est point  in  the  foundation  is 
113  ft.  below  the  original  stream 
bed. 

Nearly  all  the  surface  rock 
in  the  foundation  above  the 
mi.  am  level  was  removed,  leav- 
ing a  newly  broken  granite  sur- 
recelve  the  concrete,  but 
below  that  level,  where  the 
been  exposed  to 
weathering,    the    trimming   cov- 

i     proportion 

of  the   whole  i'he  un- 

i   is  very  tight. 
The    foundat  on    below    the   for- 
■  mi   level   is   being   pre 
to    receive    the   concrete, 
largely   by   sand    blasting   which 
::■!     of)    pits  sat- 
Isfactorlly  and  roughens  the  pol- 
irfaces.     lxiose  sand  and 
.lust    are   removed    by    washing 
.in. I  brushing  With  wire  brushes. 
Excavation    to    bed-rock    was 
completed  In    August,  1921,  and 
Immediately  afterward  the  pour- 
ing   of    the    concrete    was   com- 
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menced.     It    is   the   intention   to  poui  u    yd. 

of  concrete  in  16  months. 

Construction  Plant  and  Heavy  Equipment  In  handle  the 
material  from  the  drip  excavation,  and  later  to  place  plum 
rock  in  the  cyclopean  masonry,  one  '   derrick  with  100 

ft.  boom,  one  with  110  ft.  boom,  one  wooden  guy  derrick  with 
7a  it.  boom  and  one  with  60  ft.  Immuh  These  so 

overlap  as  to  cover  all  points  in  the  lower  portion  of  tin 
In   connection   with   the   derricks   a    I  id    line    was 

built. on  the  south  abutment  at   elevation   ;i,540,  connecting 
with  the  valley  railroad  system  by  crossing  on  tl 
dam,  and  a  railroad  track  has  been  placed  al   the  same  eleva- 
tion  on   the  north    abutment.     Dumping   platforms   were   ar- 
ranged  on  these  railroads,  enabling   i  to   unload 

3-yard  skips  directly  into  the  dump  cars.  When  concrete 
work  is  under  way  the  derricks  will  handle  loaded  skips  of 
plum  rock  from  the  flat  cars  to  the  cyclopean  masonry  with- 
out  interfering   with   the   pouring   operation. 

A  15-ton  Lidgerwood  cableway  with  a  span  of  903  ft.  of 
2%  in.  cable,  supported  on  towers  528  ft.  above  the  bottom 
of  the  foundation  pit,  and  having  a  speed  of  900  ft.  per 
minute,  has  been  erected.  The  cableway  is  so  placed  as  to 
permit  handling  the  5-ft.  balanced  valves  on  the  face  "t  the 
dam  and  the  three-foot  valves  down  the  shaft  to  the  di  a 

tunnel. 

Machinery,  industrial  locomotives  and  other  heavy  equip- 
ment, lumber  anil  timbers,  etc.,  are  handled  by  this  cable- 
way  from  ears  standing  on  the  track  of  the  II' 
R.  R.  to  the  narrow-gauge  cars  of  the  contractor's  industrial 
railroad  on  the  valley  floor  level.  The  drop  from  one  track 
to  the  other  is  over  300  feet. 

Employees   quartered   at   the   main    camp    are    lowered   to 
and   raised    from    the   work   in   a   skip    suspended   from    tin 
cay.     It  requires  but  four  minutes  time  to  transport  55 
men  from  the  foundation  pit  to  the  camp  level. 

A  narrow-gauge  valley  railroad  has  been  extended  aero 
the  gravel  and  boulder  deposit  at  the  foot  of  Wapania  Falls. 
This  railroad  was  built  to  haul  the  excavated  material  from 
the  dam  foundation  to  the  dump  in  the  valley,  and  to  bring 
sand  and  rock  from  natural  deposits  and  from  the  dump  and 
quarries  to  the  crusher  plant  for  washing,  screening  and 
crushing,  and  to  haul  the  crushed  rock  and  clean  sand  to 
the  concrete  mixing  plant  at  the  dam. 

Rock  Crushing  Plant. — A  rock  crushing  plant  to  produce 
aggregate  for  concrete  has  been  erected  on  the  valley  floor. 
The  material,  ranging  from  sand  up  to  boulders  and  rock 
fragments  about  1  cu.  ft.  in  volume,  is  brought  to  the  plant 
in  trains  of  4-yd.  dump  cars.  It  is  passed  over  a  grizzly  with 
bars  spaced  six  inches  apart.  The  rock  which  does  not  fall 
through  the  grizzly  is  crushed  by  a  26  in.  by  42  in.  primary 
jaw  crusher. 

From  this  crusher  a  30-in.  belt  conveyor  carries  the 
crusher-run  rock  and  the  material  that  passes  through  the 
grizzly  to  a  %  in.  mesh  revolving  screen.  The  fine  material 
or  sand  passing  through  this  screen  goes  to  a  log  washer, 
and  the  coarser  material  is  run  through  a  2%  in.  revolving 
screen,  the  rejects  continuing  to  a  No.  6  McCully  gyratory 
crusher  and  a  Xo.  49  gearless,  belt  driven  Kennedy-Van  Saun 
crusher,  set  for  producing  2-in.  rock.  The  re-crushed  rock 
is  carried  to  a  revolving  %  in.  manganese  steel  screen  into 
which  jets  of  water  under  high  pressure  are  sprayed,  separat- 
ing all  crusher  dust  and  diverting  it  to  the  sand  washer. 

After  the  final  crushing  of  the  rock  anil  washing  of  the 
sand,  these  materials  are  elevated  on  belt  conveyors  to  a 
trestle  3S  ft.  high  and  discharged  into  storage  piles,  one  for 
rock  and  one  for  sand,  under  which  are  two  trap  tunnels 
with  mining  dump  doors,  spaced  14  ft.  mi  centers.  This 
storage  has  a  capacity  of  S.000  cu.  yd.  of  sand  and  crushed 
rock.  From  the  storage  piles  4-yd.  side  dump  cars  are 
loaded  with  aggregates  by  gravity,  the  spacing  of  the  trap 
doors  permitting  all  the  cars  of  a  train  to  be  loaded  without 
moving   the   train. 

Concreting  Plant. — A  concrete  mixing  plant  with  a  capacity 
of  100  cu.  yd.  per  hour  has  been  installed  near  the  up-stream 
face  of  the   dam   on   the  south   abutment,   at   elevation        i4l 
158  feet  above  the  lowest  point  in  the  foundation  pit  and  IS" 
ft.  below  the  crest  of  the  dam. 

This  plant  consists  of  two  2-yard  motor-driven  Ransome 
mixers,  with  a  charging  bin  of  300  cu.  yd.  capacity  elevated 
above  the  mixers.  The  sand  and  rock  brought  in  the  dinky- 
trains  from  the  crusher  plant  are  dumped  into  small  receiv- 
ing bins  and  elevated  by  motor-driven  belt  conveyors  to  the 


[late! 

measuring     bins,    with    a     fixed     kl      feed     am! 

i.ii  by  hydraulic  cylinders     The  gati     from  the  mi 

ing  inn    i  .'  operated  by  hydraulic  cylinders,  the  mixer 

man    manipulating    a    3-way    valvi     to    in both    gates.      .VI- 

of  tie'  mlxi  ■  ■  in. 'Hi 

tiring    bins.    Which    are    till,  d     i 

180  tt,  above,,  through  I  ■>■  o  eted    teel  pipi 

tor  the  mixers  is  to  be  pumped  from  the  rlvei   Into  a  10,000 

gal.  tank  mi   tie'  adjacent  hill   Id 

charge  measured  in  a  steel  drum  mounted  on  the  mixer. 

The  spouting  system  is  used  for  plai  Ing   C srete      A   tour 

compartmenl   elevating  t-  !'    u    In   hoi 

dimensions,  and  150  ft.  high,  ha     been  built  "i   Oregon  pine 
timber.     Each  compartment   is  equipped    v, 
l-yii.  steel  skip.     The  skip     an    operated    Independent 

single  drum   hoists  driven   by   T.'i   h.p.   motoi 

of  a  si d  of  300  ft.   per  minute.     The    to 

hi  >..    .hi  ull  mi  in-  height  ni  340  fl      n   Is  built   up  "i   four   in 
in.    by    1U    in.    and   four    In    in.    In     In    in     timbers,    thin.. 

sway-braced,  and  guyed  with    ',   in    cablei    at  every   10  it.  of 
i!     height.     The  concrete  will  be  distributed  from 
through  two  lines  of  15-in.  Inslej   chutes,  with  50-ft,  ■  ounter- 
in.i.nn  e  set '  <■'  n 

Cement    Storage    and    Transportation.     All    cen  i  xcept 

the   relatively    small    quantity    required    tor    concreti 
and  miscellaneous  small  jobs,  is  delivered  in  the  iob  In  bull 
The  box  ears  in  which  the  cement  is  brought  in 
over  the  Hetch  Hetchy  R.  R.  are  emptied   bj    means  of  an 
unloader  consisting  of  a   small   motor  driven    winch   which 
drags  a  flat  board  scraper.     The  cement    tails   from   tin    car 
doorway  into  a  hopper,  from  which  a   12  In  mveyor 

takes  it   to  a  storage  bin  150  ft    away,   which   bin   i 

n        12   n        nli    ami  34  ft.  deep,  built  with  B 
making    the   entire   13,000   bbl.   capacity    (about    60    carlo 
live  storage.     From   the   bin  a   11' in.   smew    conveyor    120   ft 
in  length  will   carry   the  cement  to  a  wet 
conveyor   runs   through  a   4   ft.   by   6   ft.   tunnel   beneath  the 
storage  bin.     slide  trap  doors  are  arranged  along  the  sides 
of  the  tunnel  to  release  the  cement  from  the  bin 

The  weigher  house  is  equipped  with  two  1.200  lb.  capacity 
scales  with  automatic  feed  and  cutoff  arrangements.  Elec- 
trically  operated  signals,  consisting  of  flash  lights  and  horn 
sounders,  and  an  independent  telephone  line,  are  being  in- 
stalled to  provide  means  of  communication  between  the 
weigher  house  and  the  mixer  house  180  ft.  below.  Two  8-in. 
steel  pipes  on  a  1-to-l  slope  will  carry  tin  cement  from  the 
weigher  house  to  the  cement  measuring  bins  near  the  mixers. 
The  Hetch  Hetchy  Water  Supply  Department  is  being  carried 
out  under  the  direction  of  an  engineering  staff,  of  which 
M.  M.  O'Shaughnessy,  city  engineer  of  San  Fran 
is  chief  engineer,  and  X.  A.  Eckert  is  project  engineer.  The 
foregoing  article  was  prepared  from  a  paper,  "Con  tructiou 
Progress  of  Hetch  Hetchy  Water  Supply,"  by  Mr.  O'Sh 
nessy.  in  the  February  Proceedings  of  the  American  Si 
ol  Civil  Engineers,  and  from  the  animal  report  ot  the  Mureau 
of  Engineering  of  the  Department  of  Public  Works  of  the 
city  and  county  of  San  Francisco. 


Collecting  Water  Samples  by  Automobile 

The  New  Jersey  State  Laboratory  of  Hygiene,  a  branch  of 
the  State  Department  of  Public  Health,  according  to  the 
1921  report  of  the  Department  has  obtained  exceptionally 
successful  results  by  collecting  water  samples  by  automobile. 
Samples  were  collected  from  all  public  supplies  and  complete 
sanitary  analyses  made.  As  the  Ford  automobile  usi  il  tor 
the  collection  purposes  had  been  run  over  30,000  miles  before 
it  was  used  for  water  collection  work,  the  cost  of  collection 
per  sample  was  materially  higher  than  it  would  have  been 
if  a  serviceable  car  had  been  available,  as  repair  charges 
on  this  car  were  abnormally  high.  Some  of  the  advantages 
of  the  collection  system  instituted  are:  Breakage  of  con- 
tainers abolished,  delay  between  the  time  of  collection  and 
receipt  of  samples  at  laboratory  eliminated,  bacteriological 
samples  suitably  iced  and  brought  to  the  laboratory  in  proper 
condition  for  reliable  analyses,  number  of  samples  and  time 
of  their  receipt  controlled  so  as  not  to  conflict  with  other 
work.  Using  this  car  for  the  collection  of  water  samples 
four  days  of  the  week,  it  was  possible  to  loan  it  to  the  Food 
and  Drug  Bureau  for  cannery  and  creamery  inspections, 
thereby  utilizing  the  last  two  days  of  the  week. 
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A  Reply  to  Edison's  Questionnaire  on 
the  Issuance  of  Money  Based 
on  Property 

U.llKKT    P 

I   i  onnalre  ask- 

ing if  n  cun  i  ■  •ll,h   '"   ""' 

money 

I         V. 

■  ,<  the 

.mil     sh, .111(1     .  n 

mould  this  ii 
If  no:.  ■ 

ii.. I    :is    .i    doll 

promise  ..f  tl  i 
mean,   In   the  uitm  at  r,.i   nol   cons 

.  iy  unlikely  I  would 

want  their  gold  at 

«.  The  subject  matter  of  Andre*  D  White's  work  called  "Pial 
Money  Inflation  in   France"   is   n  ble  example.     Is   ii 

not  true  tliat  there  :.r.    two  '■■■"■  of  Which   \\  hlti 

was  ha  v' 'thou! 

,  the  richest    n 

•i> .    This  is  ii.     irgument  i 
my  opinion,  all  general  money  wit  should  have 

:•.    twice  the  i  ",l   >'■ 

•  y  has  issued  .  .unties 

i.f  fia-   money      This  appeal 

working  furiously.     America,   it   is  said,  has  m  Pour 

million  men   ai 

slon  It.  ,|V  thiB 

■   -.Mil  probablj 

1.  The  Demonetization  of  Gold.— If  gold  were  demonetized 
jts  v;i;  enormously  reduced,  al  least  temporarily. 
Any  attempt  t,>  estimate  the  approximate  reduction  in  value 
would  be  a  I  Prior  to  tin-  world  war  the  annual 
production   of  gold    was  which   about 

.   i  in  the  I'm1  The  I'nited 

used  about  half  tin-  gold  that  it  produced  tor  jewelry 

anufactnrlng  purposes     The  •    world 

smaller    percenta  arts,   tor  the 

irted  annually  about  $65, .Olio  (if  gold,  or 

•   uf  all  the  gold  produced  annually  outside 
•    ins  safe  to  say.  therefore,  that 
line   of  an   ounce   of   gold    would   decline   more   than   50 
■  lediately  following  dem 

2.  Money  System   Based  on   Warehoused  Commodities.     If 

paper  mopey  to  the  extent  of 
..r  the  value  of  warehoused  commodities,  based 

;..  i  ii.il    i  ,'   l:.".    wars,   tile    paper 

mom  •  would    he    ■■sound"    ii    that    it    would    have 

of  n.  hut    it    would   probably  be  very  un- 

r,  and   to   that   extent  unsound, 

in  that  its  quantity  would  Ik-  varlabl'       In  our  present  Federal 

al  tally   just    bui  b    a 
monetary  s>  a;  for  by  the 

rediscounth  .  rdal  paper  the  member  b 

!ii|     til.-    (OH, I 

paper  Is  Itself  based  on  comn  ther  property,     it 

is  true  that  Mr.  Bdison  iugg<  at  ol   departure 

from  the  K.-d.-ral  mi  e  of 
paper  mom  over  a 
tr  period  But  this  would  merely  be  oi  In  deter- 
mining the  qunntit  ii  into  circulation. 
The  ottur  factor  would 
put    Into    t!  ■  -.  ..lurne    of 


warehoused  commodities  tell,  so  would  the  quantity 

of  paper  m y  rise  or  fall;  i  i  d,  as  will  be  outlined  later,  the 

■  i els  w ohm    ii  e  oi  tall     This  Ductus 

tion    in    the   volume  of   money   would   constitute   the   main 

ii  to  the  Bystem  thai      i    Edison  proposes,  just  as  it 

titutes  the  main  objection  to  our  Federal  Reserve 

i.      If  price  levels  tend  to  move  in  harmony  with  money 

levels,  as  they  unquestionably  do    a  thoroughly  satisfactory 

■an    never    In  i      commodities    whose    Volume 

fluctuates  materially, 

Commodity   Price  and   Wage   Levels.— The   quantity   tl 
ol  money  as  affecting  price  levels,  as  usuall;   iiresented,  has 
I n  Imperfect;   nevertheless,  l<   was  approximately  co 

In    the    April    lilt,    1920,   and    the    Aug.   .':.    1921,    issues   ol 

-    and    Contracting   I    have   endeavored   to   produce   sci- 
callj  correct  tin-on.  .  on  commodltj   price  and  on  wage 
levels.    To  do  so  I  have  quanl  the  main  factors 

that   affects   price   and   wag.-   I.  wis.    lor    In    DO   other   way   can 
anj    such  theory  be  put  to  a  crucial  test.     The  wage  level 
formula,  which  is  the  simpler  of  the  two,  has  stood   th 
ol  agreement  with  I  In  a  manner  that  Is  certainly 

he  ascribed  to  chain.  |  show  in  the  article  in  the 
Aug.  3,  1921,  issue  that  the  age  level  In  America  has  for 
80  years  moved  in  almost  .  ...  i  accord  with  the  number  of 
dollars  of  money  in  circulation  pel  capita.  There  is  a  second 
factor,    namely,    velocity    of    m  nation    or    rate    of 

money  turnover,  which  Increases  in  boom  times  and  de- 
creases in  times  of  depression,  but  rarely  rises  or  falls  more 
than  20  per  cent  from  a  mean  rate  It  is  the  presence 
of  this  factor  that  has  been  ignored  by  all  critics  of  the 
theory  that  prices  tend  to  rise  or  fall  with  the  increase  or 
decrease  in  the  quantity  of  money.  These  critics  have  only 
recently  triumphantly  pointed  out  thai  while  the  quantity 
of  our  money  was  stationary,  prices  and  wages  were  falling. 
as  if  that  were  prooi  eon,  lusive  that  the  quantity  of  money 
does  not  affect  prices.  Such  an  argument  is  like  claiming 
thai  there  is  no  downward  current  In  a  river  because  a 
steamer  is  moving  upt  ard,  or  that  gravitation  is  not  pulling 
because  a   balloon  is  rising 

Factors  that  Affect  Wage  Levels.  There  are  three  great 
factors — and  they  overshadow  all  others — that  affect  wage 
levels,  namely,  (1)  the  quantity  of  money  in  circulation,  (2) 
the  number  of  people,  and  CI)  the  rate  of  money  turnover. 
The  first  two  factors  form  a  ratio,  by  dividing  the  first  by 
cond,  (ailed  per  capita  money.  Since  the  third  factor 
oscillates  about  an  average  or  mean  from  which  it  departs 
but  little  (20  per  cent  at  most),  and  then  only  for  a  short 
time,  we  can  call  it  approximately  constant  if  we  seek  to 
test  the  wage  level  formula  over  a  long  period  of  time.  The 
following  table,  reprinted  from  the  Aug.  3,  1921,  issue  of 
Engineering  and  Contracting,  gives  such  a  test,  from  the 
year  1840  to  1920: 

WAGE   LEVELS,    ACT1  Al      im     CALCULATED,   BY  AN 
APPRuXl.MA'i  E    FORM1   l.\ 


year. 
1840 

, W 

Actual. 

ige  level , 

Calculated. 
36 
40 
51 
46 
68 
58 

65 

1885 

, — w 

Actual. 

71 

76 

ikc  level 1 

Calculated 

1850 

41 

76 

1855 

44 

1860 

45 

1905.    . 

...       76 
86 

89 

1865 

.....       68 

76 

103 

1875 

72 
65 

.     101 

120 

1880 

220 

191 

Note:    The  formula  used    was:   W    =    !••  M    I',   or  the  wage 

.  v.  I  is  i,  n-thlrda  of  the  per  cai  Ita  n  oni  j  Tins  formula  is  only 
approa  tanl    velocity  of  cir- 

ri   ol    no  .ii.  >       Si  for   an   application   of  the  more 

1    i.  ■ 

In  1S40  the  formula  checks  with  the  actual  wage  level 
within  3  per  cent,  and  in  1920  within  la  per  cent.  The 
agreements  tor  the  intermediate  years  never  exceeding  26 
pel  '  •  nt.  and  usually  hovering  around  6  or  7  per  cent.  Bear- 
ing in  mind  that  these  failures  to  check  more  closely  are 
due  to  assuming  that  the  rate  of  money  turnover  is  a  con- 
and  bearing  in  mind  that  the  wage  level  rose  from 
37  in  the  year  1840  to  220  in  the  year  1920   (an  increase  of 

: per    cent),    I    think    it    will    be    agreed    that    tie 

formula  agrees  as  closely  with  the  facts  as  the  average 
formula  used  by  engineers  in  designing  structures — in  short. 
that  it  is  correct  enough  for  all  practical  purposes. 

price  level  formula  (given  in  the  April  7,  1920  issue) 
differs  from  the  wage  level  formula  only  in  one  respect.  It 
introduces  a  fourth  factor  that  I  have  called  per  capita  efft- 
Ciency    Of    production.      As    this    factor    rises,    prices    tend    to 
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fall;   as  it  falls,  prices  tend  to  risi  a  >ml  I    will 

agree  that  the  efficiency  of  production  fai  tors  acts  as  1  have 
stated;  but  prior  to  the  publication  I  article  no  econ 
omist,  so  tar  as  i  know,  had  ever  an  approximate 

quantitative    value   to    H Helen cj    factor    tor   any    nation 

over   a    ions   term   of   years.     The  i     ins   exactly 

liow   tliis   efficiency    factor  was   calcu  the    r 

years  in  America. 

In  this  connection  it  may  be  of.in  tate  that   tin' 

gathering  of  the  data  used  in  these  i  all  u 

of  the  data,  the  study  of  available  n  ting  in  price 

and  wage  levels,  the  derivation  of  th  level 

formulas,  and  the  final  checking  of  thi  formulas  against  thi 
(acts,  consumed  an  amount  of  time  equivalent  to  that  "t 
one  engineer  working  eight  hours  a   d  ear.     1  men- 

tion this  because  there  is  a  prevalent  opinion— particularly 
among  non-scientific  men — that  any  bright  man  (espo,  [all] 
a  banker  whose  business  it  is  to  deal  in  money)  is  compe- 
tent to  express  an  opinion  upon  the  causes  of  variations  in 
price  and  wage  levels  and  the  like.  Mr.  Edison,  as  a  scien- 
tist, knows  that,  however  simple  a  new  physical  problem 
may  look  on  its  face,  the  probability  is  that  its  correct  solu- 
tion will  consume  far  more  time  than  a  non-scientific  man 
would  expect.  The  mere  fact  that  a  man  has  dealt  in  corn 
or  has  raised  corn  all  his  business  lifetime,  does  not  con- 
stitute the  sort  of  experience  that  enables  him  to  explain 
the  fluctuations  of  the  corn  crops,  or  to  foresee  the  changes 
in  corn  prices  very  far  in  advance.  Similarly  it  can  be  seen 
that  unless  a  banker  has  gone  outside  his  routine  work,  and 
has  spent  a  great  deal  of  time  investigating  price  and  wage 
he  is  not  likely  to  be  able  to  give  even  an  approxi- 
mately correct  statement  of  the  factors  involved,  to  say 
nothing  of  being  able  to  quantify  each  of  the  factors. 
3.  In  answering  the  second  question  I  have  answered  the 
third. 

4.  The  Fiat  Money  Question. — The  questionnaire  asks 
whether  there  are  not  two  sides  to  the  fiat  money  question. 
Did  not  fiat  money  help  France  when  she  issued  the  as- 
signats? Did  not  fiat  money  help  our  government  during 
our  revolution?  The  word  "fiat"  is  usually  intended  to  convey 
the  idea  that  there  is  no  property  back  of  the  money,  and 
this  coincidently  conveys  the  impression  that  "fiat"  money 
is  "intrinsically  valueless." 

The  fact  is  that  as  long  as  governments  have  the  power  of 
taxation,  they  have  a  means  of  putting  all  the  taxable  prop- 
erty of  their  citizens  "back  of"  any  fiat  money.  The  real 
question,  then,  is  not  what  is  "back  of"  the  money,  but  how- 
much  money  is  issued.  The  government  of  France  virtu- 
ally repudiated  its  debts  to  its  citizens  by  the  issue  of  great 
quantities  of  assignats.  That  may  have  been  good  I'm  th. 
politicians,  but  how  about  the  creditors  who  had  loaned 
money  having  a  high  purchasing  power,  and  were  paid  in 
money  having  almost  no  purchasing  power. 

The  monarchs  of  England  played  that  same  trick  even 
before  there  was  paper  money.  The  original  pound  sterling 
was  a  troy  pound  of  silver.  But  starting  about  the  middle  of 
the  fourteenth  century,  one  king  after  another  reduced  the 
amount  of  silver  in  a  pound  sterling  until  250  years  later 
there  was  only  a  third  of  a  pound  silver  in  a  pound  sterling. 
A  study  of  Rogers'  "History  of  Agriculture  and  Prices  in 
England.  1259  to  1793,"  shows  that  as  fast  as  the  weight  of 
the  pound  sterling  decreased,  wage  and  price  levels  rose. 

Although  the  English  monarchs  thus  were  able  to  cheat 
their  creditors,  the  only  other  evil  (and  that  was  bad  enough) 
was  the  successive  periods  of  disturbance  of  wage  and  price 
levels,  with  their  coincident  labor  troubles.  1  should  not 
be  surprised  if  an  economic  historian  could  show  that  the 
major  changes  in  the  weight  of  the  pound  sterling  were 
provocative  of  more  economic  troubles  than  were  the  wars 
waged  by  the  kings. 

The  government  of  France  may  have  saved  itself  from 
bankruptcy  by  bankrupting  many  of  its  creditors  through  the 
issuance  of  assignats.  Perhaps  this  was  not  an  unimxed 
evil.  But  the  evil  might  have  been  greatly  reduced  and  per- 
haps eliminated  had  France  never  embarked  upon  the  sea 
of  monetary  inflation.  I  have  yet  to  see  evidence  that  France 
would  have  been  bankrupted  had  she  not  adopted  that  course. 

The  "fiat"  money  of  our  revolution  was  essentially  a 
promise  to  pay  if  the  revolution  succeeded — a  note  bearing 
no  interest  and  redeemable  if  success  by  arms  was  attained. 
It  was  taken  by  the  American  people  because  of  patriotism. 


They  virtually  donated  thel  cause 

of  freedom,  ami   were  willing   i"   I"  e   bol  •  ,   In 

the  hope  of  securing  freedom.     I  doubt  not   that  what    was 

thus  seemingly  "accomplished"  by  thi  i  Bat  money 

could    have    been   accomplished    without    it;    but    whetb 
could  or  not,  the  problem  thai  faces  America  and  the  world 
today    i~  a  different  one  from  that  that  faced   Washington 
i  iu i  problem  Is  to  stabilize  price      Theirs  •■■  as  to  "gel 

5.     The    Situation    in    Germany. — The    questionnaire    com 
illeged  German  Indu  trial  success  in  spite  of  Bat  money 
with  American  depression  in  the  absence  of  Bat  money 

:m  explanation.  To  begin  wiiii.  the  evidence  that  tin- 
German  people,  as  a  whole,  are  profitably  employed  la  not 
to  be  found  in  the  facts.  What  do  such  strikes  as  those  of 
the    entire    railway    fore.'    of    ie  n  in'.'       What    do    DO] 

meager  Importations   of  copper,  cotton,  wool,  etc..   slgi 

Many  of  her  workers  are  employed  erlshly  em 

ployed,  hut  so  are  the  mules  behind  the  driver.  Lei  i 
what  the  mules  get  for  their  daily  work,  rather  than 
how  hard  they  are  working.  The  continuous  labor  disturb 
ances  in  Germany  seem  to  me  to  answer  that  question  pretty 
convincingly.  I  have  no  sympathy  with  the  German  govern- 
ment now  or  as  it  was  under  the  kaiser;  but  I  can  not 
pathlze  either  with  the  efforts  of  some  of  the  former  allies 
particularly  France — to  make  the  German  people  pay  the 
entire  cost  of  the  war  in  a  relatively  short  period  of  time. 
In  the  effort  to  make  some  foreign  payment  of  reparations 
and  in  the  desire  to  evade  all  domestic  payments  of  war 
debts,  the  German  government  has  Issued  huge  quantities  of 
paper  money.  For  reasons  above  given,  this,  in  effect, 
to  repudiate  the  bonds  issued  by  Germany  to  her  citizens. 
By  printing  paper  money  very  rapidly,  its  value  is  mad. 
to  decline  rapidly,  but  there  are  always  a  large  number  of 
people  who  fail  to  realize  at  first  how  rapidly  the  value  of 
the  money  is  falling,  and  they  will  part  with  their  goods  or 
services  readily  even  at  prices  that  will  soon  prove  to 
have  been  too  low.  This  is  particularly  true  of  the  man- 
ually working  classes  who  can  be  induced  to  work  for  less. 
money  wages  than  they  should  he  receiving  on  a  rising  mar- 
ket. Hence  many  employers  have  been  finding  it  prolitabh 
to  keep  a  great  many  workers  busy  in  Germany  during  thi 
rising  price  market.  But  we  should  not  be  deceived  either  by 
the  tact  that  many  Germans  are  busy.  The  employment  cycli 
has  been  on  its  upward  swing  over  there;  and  is  about  due 
for  its  downward  swing. 

It  is  merely  necessary  to  look  across  the  German  bordi  I 
to  Russia  to  see  the  sequel  to  inordinate  inflation  of  cur- 
rency. There  you  have  a  currency  so  depreciated  because  ol 
its  immense  volume  that  everyone  but  the  polltl< 
avoids  it  and  prefers  to  keep  his  goods.  The  continued 
issuance  of  that  paper  money  has  been,  I  believe,  the  great- 
est single  factor  in  bringing  Russia  to  its  present  tate  Oi 
supreme  idleness  and  starvation.  The  same  result  will 
occur  In  Germany  if  the  quantity  of  paper  money  continues 
to  increase  rapidly. 

Mr.  Edison  contrasts  German  employment  with  American 
employment,  but  where  are  there  any  reliable  statistic; 
the  pi  i  Germans  employed?    We  know  within  nar- 

row limits  the  extent  of  unemployment  in  America.  Mr. 
Edison  is  probably  approximately  correct  in  saying  that 
4,000,000  American  workers  are  idle;  but  this  is  less  than 
10  per  cent  of  all  Americans  classed  by  the  census 
gaged  in  gainful  occupations.  It  has  been  said  thai  even 
in  normal  times  the  average  of  unemployed  workers  exceeds 
1,500,000,  or  about  4  per  cent  of  the  total  workers  ol  all 
classes.  Surely  an  abnormal  unemployment  thai  teaches 
only  6  per  cent  is  bad,  but  yet  a  long  way  from  disastrous. 
As  against  this  definite  knowledge  of  labor  employment  in 
America,  we  have  only  indefinite  Btatemi  og  Eng- 

land and  Europe.  And  even  if  we  had  definite  data  that 
showed  less  unemployment  in  Germany  than  here,  the  data 
would  argue  nothing  in  favor  of  Bat  money  unli 
percentage  of  unemployment  remained  low  tor  a  long 
in  flat  money  Germany,  and,  second,  the  purchasing  power 
of  the  average  family  in  Germany  exceeded  that  in 
Germany. 

In  this  connection  it  is  Interesting  the  buying 

power  of  the  average  day's  wages,  both   in   America   and   in 
England,  is  now  about  five  times  what  it  was  a  centui 
This  remarkable  achievement  is  unquestionably  attributable 
mainly  to  scientists,  inventors  and  engineers. 
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Cost  of  Sewer  Construction  at  Louis- 
ville, Ky. 

Pun  i    'ruction  of  sewers  In  Louisville,  Ky 

(4,000,000  ;    '   actual 

I  tii.'  contractors  wen  kepi  bj  I 

106,  which  had  cha 

This  work  was  doni    principally   in  the  years 

:  I    Inclusive      Some    li  '■'    "n    ,his 

■  work  are  given  in  a  recentlj  '  •■'  the  Com- 
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Dollars  pet-  Cubic  Yard 
Cost  to  Contractor  excluding  Cost  of  Cleaninq  up. 
General  expense  and  Liquidated  Damages .  Figures 
refer  to  number  of  contract . 


missioners  of  Sewerage  of  Louisville.  This  new  commission, 
of  which  J.  B.  F.  Breed  is  chief  engineer,  and  Metcalf  & 
Eddy,  consulting  engineers,  was  appointed  in  1921  to  make 
a  study  and  report  upon  a  plan  for  a  comprehensive  system 
of  sewers  for  the  city.  The  report  has  the  following  to  say 
regarding  the  1908-11  data: 

How  the  Costs  Were  Obtained. — In  some  cases  the  con- 
tractors kindly  permitted  the  commission's  engineers  to 
examine  their  accounts  and  make  excerpts  of  actual  costs  to 
the  contractors.  Data  relating  to  the  different  items  were 
collected  by  the  inspectors  on  the  several  contracts,  who 
kept  records  of  all  materials  such  as  cement,  steel,  brick, 
sand  and  gravel,  of  tools  and  of  all  machinery'  and  other 
equipment  used,  and  their  costs  were  ascertained.  In  esti- 
mating the  cost  of  the  work  the  probable  expense  to  the  con- 
tractor on  account  of  the  plant  was  reached  by  assuming 
the  rental  to  be  from  20  per  cent  to  60  per  cent  per  annum 
of  the  original  cost,  depending  on  the  nature  of  the  ma- 
chinery and  the  duration  of  the  work.  The  full  cost  of  small 
tools  and  supplies  was  generally  considered  a  part  of  the 
cost  of  the  work,  except  in  the  case  of  small  contracts,  when 
it  was  assumed  that  the  tools  and  supplies  had  considerable 
value  after  the  contract  had  been  completed.  Accurate  ac- 
count was  kept  of  the  number  of  hours  spent  by  the  entire 
uction  force,  including  the  superintendent,  foremen 
and  mechanics,  as  well  as  the  laborers,  and  the 

in  upon  the  differ. nt  cl  in  addition  to 

e  usual  cost  of  - 
expenses  such  aa  that  of  Burety  bond  and  liability  insurance. 

re  not  to 

be  had  at  this  time.     Tl  liable,  however,  records 

ating   all    i  la     •  a    of    work.     These 

been  analyzed  n  I  to  the  Mm  ■ 

ni-     earth  •  i   plain 

and  reinforced  com 

Earth    Excavation,    1908-1911  ticn    was 

two  general  dust  ii   done  largely  by 

hand,    although    in    cases   of   some    deep    trend,. 
Includi  made  with  the  aid  of  bucket  ma< 


such  as  the  Carson  trench  machine;  second,  that  done  almost 
entirely  by  machines,  such  as  steam  shovels,  clam  shell  and 
orange  peel  bucket  excavators,  and  cableways  with  bucket 
tors,  and  including  that  done  by  slip  and  wheel 
scrapers.    For  each  of  thi  the  cost  per  cubic  yard 

for  each  contract  has  been  plotted  as  abscissae,  and  the 
average  depth  of  trench  as  ordlnates  Although  these  points 
show  a  wide  variation  in  the  cost  of  excavation  an  estimate 
has  been  made  of  the  reasonable  average  costs,  taking  into 
account  the  conditions  affecting  each  contract.  The  esti- 
mated costs  to  the  contractor  are  shown  by  the  curves  on 
FigB.  1  and  2,  In  Fig.  1  curve  'A"  shows  the  approximate 
ii  between  depth  of  cut  and  cost  of  machine  excavation 
for  sewers  ranging  from  about  -1  ft.  to  8  ft.  in  diameter. 
Curve  "15"  shows  similar  data  tor  sewers  10  ft.  or  more  in 
diameter.  Fig.  2  shows  the  unit  costs  for  hand  work 
estimates  of  unit  cost  of  excavation  are  based  on  an  assumed 
width  of  trench  1  ft.  greater  than  the  outside  width  of 
masonry. 

Rock  Excavation,  1908-1911.  Estimates  of  the  actual  cost 
to  the  contractor  of  rock  excavation  are  available-  for  26 
contracts.  The  cost  varies  considerably,  being  as  low  as 
79  ct.  per  cubic  yard  in  one  case  and  as  high  as  $8.22  per 
cubic  yard,  omitting  one  contract  which  included  22  cu.  yd. 
of  rock  requiring  coffer-dam  construction  and  pumping  in 
which  the  COSt  was  614.71  per  cubic  yard.  In  determining 
the  mean  cost  to  the  contractor,  the  total  number  of  yards 
estimated  on  the  26  contracts  has  been  compared  with  the 
total  cost  of  rock  excavation.  The  unit  cost,  exclusive  of 
general  expense  and  overhead,  was  $3.23  per  cubic  yard. 

Concrete,  1908-1911. — The  estimates  for  concrete  have  been 
divided  into  two  classes,  plain  and  reinforced.  To  the  esti- 
mated cost  of  concrete  in  which  reinforcing  steel  was  used, 
the  cost  of  steel  has  been  added.  The  costs  to  the  contractor 
per  cubic  yard  have  been  plotted  as  abscissae  and  the  average 
number  of  cubic  yards  per  linear  loot,  as  ordinates.  These 
points  when  plotted  indicate  that  there  is  a  general  relation 
between  the  unit  cost  and  the  quantity  per  linear  foot,  and 
reasonable  curves  are  shown  on  Figs.  3  and  4  to  represent 
the  average  cost.  The  estimates  for  concrete  are  based  on 
the  amount  actually  required.  In  many  cases,  however,  the 
contractor  put  in  considerable-  more  than  this  for  various 
reasons. 

Data  for  the  foregoing  estimates  were  obtained  from  the 
cost  records,  from  the  descriptions  of  the  different  contracts, 
and  tables  given  in  the  1910  and  1913  reports  of  the  Sewerage 
Commission  of  1906,  and  from  Table  34  of  American  Sewerage 
Practice,  Volume  II. 

In  drawing  the  curves  to  represent  average  costs  con- 
sideration has  been  given  to  the  special  conditions  of  each 
contract,  such  as  pavement,  foundation  and  ground  water 
difficulties,  special  work,  such  as  tunneling,  and  to  the  pro- 
portions of  work  done  by  hand  and  machine  where  both  meth- 
ods were  used  on  a  single  contract 

General  Expenses,  1908-1911.  In  addition  to  the  cost  of 
earth   excavation,    rock    i  md    concrete,   there    are 

other  items  which   enter  into   the  cost,   such  as  general   ex- 
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ling  I        . 

Tiber  at  Contract . 

Flfl.  2. — Actual  Cost  to  Contractor  of  Hand  Work  Earth  Excavation. 

penses,  in  some  cases  including  salaries  of  firm  members, 
interest  on  bond,  liability  in  urance,  cleaning  up  and  liqui- 
dated damages  where  such  were  paid  by  the  contractor. 

Data  are  available  for  determining  the  amount  of  general 
expense,  liquidated  damages  and  the  cost  of  cleaning  up  for 
79  contracts  carried  out  uuder  the  Sewerage  Commission  of 
1906.  It  was  found  that  the  total  sum  of  these  items  for  all 
contracts  amounted  to  16.6  per  cent  of  the  total  actual  cost 
to   the   contractor,   of   all   other    items       In    determining   the 


(62) 


Engineer         and   Contracting    for    March    3, 


231 


gross  cost  to  the  contractor  of  the  diffi        I   items,  an  allow 
ance  of  15  per  cent  has  been  made  ral  expense 

liquidated   damages   and   cleaning  up. 

It  is  recognized  that  there  are  frequently  other  costs  "i 
more  or  less  intangible  nature,  such  as  home  office  expense 
and  other  expenses  which  could   no)  readily  ascerta 

by  the   inspectors  and   perhaps   were  overlooked.     To   cover 
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Dollars  per  Cubic    Yard . 
Cost  +0  Contractor  excluding  Cost  of  Cleaning  up. 
General  Expense  and  Liquidated  Damages, 
r'igures   refer  to  number  of"  contract  • 

Fig.   3. — Actual    Cost    to    Contractor    of    Plain    Concrete   Sewers. 

such  items,  which  have  been  classified  as  home  office  expense 
and  omissions,  an  allowance  of  5  per  cent  has  been  made. 
Thus  it  is  estimated  that  the  gross  cost  to  the  contractor 
is  equal  to  the  actual  cost  as  shown  by  the  engineers'  final 
cost  estimate  plus  20  per  cent. 

Contractor's   Profit. — After  compiling  the  cost  to  the  con- 
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Cost  to  Contractor  excluding  Cost  of  Cleaning  up, 
General  Expense  and  Liquidated  Damages. 
Figures  refer  to  number  of"  contract 

Fig.   4. — Actual   Cost  to   Contractor  of   Reinforced   Concrete   Sewers 
Including   Steel. 

tractor  as  above  outlined,  an  allowance  equivalent  to  10 
per  cent  of  said  cost  has  been  added  for  contractor's  profit. 
This  gives  the  estimated  fair  cost  which  th<  Sewerage  Com- 
mission of  1906  should  have  paid.  It  varies  radically  from 
the  actual  cost  to  the  commission,  which,  of  course,  was 
based  upon  the  contractor's   original  tender   which   was   suf- 


flclenl  to  yield  him  a  greatei 
ami  in  others  did  not  cover  hit 

Unit   Prices,   1908-1911.— In  ,    esu- 

mate  ol  the  coat  of.  luture  work  11  i  to  det<  rmlne 

with  a  fair  degree  of  accuracy  the  tor  labor  and 

materials  in  force  during   th<  action  under 

the  Sewerage  Commission  ol   1906 
for  Uie   period  of   1922   to   1924.      [n 
Sewerage  Commission,  page    I 
1       1 

di  elded  tendi  ir    ncr< 

It    it'    dOUbtflll    ii    any    mat    rial 

111  the  last   thi 

The  length  of  day  referred  to  was  ten  hi 
The   estimated    averagi  effect   during   the 

period  1908-1911  are  as  follows: 
Item. 

our  day 
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Steel    n  0.025  per  lb. 

These   prices  are   for   mad  1 
the  work. 


Inducing  a  City  to  Undertake 

Improvements 

How  an  engineer  directed  a  successful  campaign   for  re- 
habilitating the  water  system  of  a  small  mum. 
Ity   R,   E,  McDonnell  of  Burns  &  McDonnell  ng  Co. 

In  a  recent  issue  of  the  Professional   Engineer,   from    which 
we  quote  the  following: 

In  the  campaign  for  the  rehabilitation  of  the  water  system 
of  Parsons,  Kan.,  preliminary  plans,  maps,  estimates  and 
summaries  of  the  report  were  prepared  on  a  large  scale  for 
use  in  window  displays.  About  75  stereopticon  slides  were 
made  and  used  at  mass  meetings  and  before  civic  organiza- 
tions Municipal  band  concerts  were  held  outdoors  and  fol- 
lowing the  concerts  all  features  of  the  project  were  explained 
— cost  estimates,  operating  expenses,  depreciation  allow- 
ance,  bond  sinking  fund,  revenues  and  rates,  with  net  In- 
come, were  shown  through  graphical  diagrams.  All  engi- 
neering features  were  so  clearly  explained  that  a  prominent 
attorney,  commenting  on  the  project  said:  "The  engineering 
is  shorn  of  its  technical  features  and  we  are  now  all  engi- 
neers and  see  the  soundness  of  the  whole  project." 

The  Parsons  Sun  expressed  a  willingness  to  publish  a 
series  of  waterworks  articles,  which  were  prepared  by  the 
engineers.  These  articles  were  run  daily,  many  of  them  being 
illustrated  by  views  showing  both  the  present  conditions  of 
the  waterworks  system  and  the  proposed  improvements. 
Over  fifty  of  these  articles  were  prepared  and  used.  They 
were  written,  not  as  a  technical  journal  would  use  them,  but 
as  newsy,  interesting  items.  To  test  their  power  to  interest 
readers,  an  interruption  was  intentionally  made  n 
many  'phone  calls  of  inquiry  and  request  for  the  articles  to 
continue.  Some  knowledge  of  the  fifty  articles  may  be  gained 
by  quoting  some  of  the  titles:  "Why  the  Women  ol  Parsons 
Want  Pure,  Soft  Water,"  "How  Good  Health  Can  Be  Pur- 
chased," "What  Happens  When  a  Water  Famine  Occurs," 
"The  Cost  of  a  Typhoid  Epidemic." 

A  feature  of  the  improvement  was  a  modern  water  purifi- 
cation system  to  displace  a  very  inadequate  and  antiquated 
system.  Comparative  figures  were  given  showing  the  saving 
in  cost  of  operating  a  modern  plant,  thus  showing  the  voters 
that  they  were  daily  losing  money  by  operating  an  inefficient 
plant,  besides  giving  the  city  an  unsafe  water  to  drink. 
Former  bad  fires  were  illustrated,  with  tables  of  annual  fire 
losses,  showing  the  fire  loss  per  capita  far  above  that  of 
other  cities.  Insurance  rates  were  shown  to  be  exorbitant 
because  of  the  present  inadequate  protection.  Fire  losses 
due  entirely  to  poor  pressure  were  shown  to  exceed  the  total 
bond   issue  asked. 

A  portion  of  the  improvements  consisted  of  replacing  a 
large  amount  of  small  steel  and  wrought  iron  pipe,  also  re- 
placing a  flow  line  of  spiral  riveted  steel  and  vitrified  pipe. 
The  leakage  figures  were  given,  showing  a  loss  of  over  halt 
the  water  pumped.  Exhibits  of  this  worn-out  pipe  were  placed 
at  prominent  street  corners,  with  placards  giving  age  when 
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The    generation    ol    •  I 

pumps  over  .1  l"  station 

lighting  the 
ground  ■■■    Improi 

iri<  it x  Tin-  feature  In  ■■'  tor  munici- 

pal ownership  with  all    I  own  liv  ""' 

unpaign   through    the   papers   and   b)    per- 
sonal presentation  o(  the  plan  organizatloi 
tinuoil  fur  four  weeks,  with  an  Inti  i  iking  campaign 
for  on.'  week,  when  i'i   meeting  d,  In  explain- 
ing  thi                                                    health   features   ol    the 
,     ■                                                      ■    factory,  shop 
and  office  employi  •    distributed 
daily  to  all  the  picture  Bhows,  showing  soi  features 
of  tlio  improvements,     i                      rs   were   organized  and 
10-minute  talks  at  all  picture  Bhows  were  made  during  the 
Church   announcements    were    made,   calling 
■ii  to  the  i.                                               iting  eil  tier  toi 
ring  them  to  form  their  own  conclusions. 
The  women  voters,  through  the  Parsons   Federated   Wom- 
lubs,  sponsored  the  final  muss  meeting,  bringing 
the  women  voters  the  Imi                            water  supply  from 
.nidpoint  of  health,  hygiene  sanitation,  beautiful  lawns, 
clean   streets,   swimming    pools,   school   and    street    drinking 
fountain 

Various  business  men  co-operated   and  jointly  rallied   t'ull- 

tisements    recalling    former    water    famines,     bad 

■nd  showing  what  the  new    Improvements  could  offer 

in  the  way  of  securing  new  industries  in  Parsons. 

Home  owners  were  clearly   shown   by    figures   that   not   a 

uld  be  added,  but  thai  would 

make  the  plant  self-supporting. 

The  •  onductlng  the   i  ampaign   had   the  support 

and  active  aid  of  the  Mayor,  but  no  aid  or  co-operation  from 
one  of  the  Commissioners,  and   the  ition  ol   the 

i,  until  two  days  previous  to  the  election, 
when    his    conversion    occurred    and    the    three    united    in    a 
:    statement    favoring  the  bonds.     Other  early   opposi- 
tion gradually  melti  the  project  became  understood 
and  those  who  had  opposed  came  out  in  print  favoring  the 
bond    issue.      In    their   articles    and    talks    the    engineers    re- 
I  from  directly  urging  the  voters  to  support  the  bonds. 
..  the  position  ol  a  disinterested  consulting  physician 
Ick    utility,    and    presented    their   prescription    for    the 
in  the  form  of  plans,  ind  report,  and  all 
were  clearly  explained,  leaving  the 
ej   wanted  to   voti 


Activities  of  Mayors'  Unemployment  Committees 
Two  hundred  and  nine  on)  of  the  327  cities  In  the  United 

•     population    is   20,000   or   more   have   organized 
mayoi  imlttees  in  accordance  with  the  rec- 
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Recognition  of  an  Undepreciated  Rate 
Base  in  Some  Recent  Decisions 

By   \V    H     BLOOD,  JR. 
[Man]   students  of  I'ulih.    utilit}   rate  problems  have  always 
tell    thai    the    so-called    "pre  enl    "i    depreciated    value"    of 
property  is  not  proper  a  which  to  calculate  a  per-' 

centage  of  fair  return.  Earlj  court  decisions,  however,  lead 
i"  the  practical  establishment  of  "depreciated  value,"  and 
with  this  Intrenchmenl  it  ha  occupied  a  very  nearl] 
position.  Recentlj  the  opposite  view  has  received  certain 
udicial  and  commission  encouragement,  and  ii  is  Mr.  Blood's 
valuable  collection  ol  reference  on  this  subject  which  we 
print  here  rhese  appeared  in  an  article  entitled  'The  Pass- 
Depreclated  Value'  in  Kate  Cases"  In  the  Stone  and 
Webster  Journal  of  Decembei,  1921.  We  omit  the  first  part 
Ol  the  article,  in  which  Mr.  Blood  presents  a  strong  argu- 
ment in  tavoi  ol  an  ondeprei  lated  basi  .  and  present  only  the 

lattel    part,  In  which  the  various  cases  are  cited  and  quoted. — 

Editor,  Engineering  8  Contracting.] 
Elsewhere  in  this  case  (Knozville  vs.  Knoxville  Water  Co.. 

Jan..  1909)  the  Supreme  Conn 
.\  w..t.  i  plan!  with  ail  ii  ■    value 

i  ■  i     ol  Its  use. 
This  statement  is  quoted  frequently  by  those  who  believe  In 

using    depreciated    value    as    the    rate    base.        The    Supreme 
Court,  however,  did  not  mean   that  the  value  of  the  property 
as  a   going  concern  gradually  disappeared,  for,  in  tie- 
decision,  it  clearly  affirms  the  contrary,  saying: 

The  company  is  not   bound   to  see   Its   propert]    graduall] 
without  making  provision  out    ol   earnings   tor  its  replacement.     It 
is  entitled  to  see  that  from  earnings  the  value  ol  the  property  lit- 
is kept  unimpaired  bo  thai   at    the  end  of  a  given  tei 
the  original  Investmei  the  beginning-. 

it    is   not   only  the  right  of   the  compai 
but  it  Is  its  duty.    .    .    . 

If  the  company  keeps  up  Its  repairs,  then,  in  the  word-  ol 
the  Supreme  Court,  the  "value  ol  the  property  invested  re- 
mains as  it  was  at  the  bi  i  lining."  li  this  is  the  case,  there 
i-  certainly  no  authority  in  this  decision  for  deducting  any- 
thing for  theoretical  accrued  depreciation. 

r.-ii.  the  ter  In  the  Minnesota   rate  case, 

after   making  a    most    exhaustive     tudy   of   depreciation,  ex- 
■  i  similar  views  and  the  findings  of  his  report  were  sus- 
tained  by    the   Circuit    Court.     Unfortunately,    however,    the 
Supreme   Court   in   its    decision    In    this    c  I  ed    the 

opinion    that   the   master's    methods    of   reaching    his    com  lu 
sions   were    rather   "loose."     Whatever    maj    have    been    his 
ds    of   forming   his    (■pinion,    it   appears   in    the   light  of 
present    thought    on    this    matter    that    his    conclusion- 
sound.     His  statement  is  a-  follows: 

A   1; ■  i  on    is   taken   care   ol    bj    coi 

renewals,    additions    and  ufflcient    sum 

mnually  set  aside  ami  devoted  to  this  purpose  so  that  this. 

witb    the   application    of   r..:  iptation    n>    the    needs   of 

"m:ry    and    of    tie     |  her    with    working 

capital    .     .     .     fully    offsets    all     depreciation     and     renders    th' 

physical   properties  of   the  i  valuable  than   theh 

t   reprod 

One  ol  the  flrsl  cases  in  svhicb  the  court  expressed  its  views 
clearlj  on  this  subject,  without  any  qualifications  or  am- 
biguity,  was   on  July   1,    1915,   when   ill   the  ea-e  of   Mum 

Public    Utilities   Commission,    the    Supreme    Court   of   Idaho 

said: 

we   believe   this    Commission   ma] 
hold    along    the   following    lues      We   think   deductions   shouli 
actual,   tans  I  nd  not  for  tie 

>n,  somel  inn  s  called    '  •<■  crui  'I   di 
Taking  its  queue  from  the  decision  of  the  Supreme  Court 
to ,  Public  Service  Commission,  later  in  the  same  year 
(October  2,   1915)   in   the  case  of  the  City  of  Sandpoint  va 
Sandpoinl    Water  .v:   Light   Company,  Ltd.,  elaborated  on  the 
theory   thai   to  depi  oenl   was   unsound 

economiee      The  Commission   called   the  proposition  absurd. 
and  even  went  so  far  as  to  call  it  confiscation  and  to  say  thai 
II   such   a  course  were  followed   it   would  drive  capital  out  of 
the  state,    a  part  of  the  decision  is  as  follows: 
■  i    the  defendant's  capital  Investment  are  ■ 
proper!  h  ecay,  or  will  w.    i 

ilaced    f!-'>m   time   to   time    during  the  conduct   "i   the 
In    order   ti  tor   for   loss    in    tie- 

public 
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1 1 1 1 make  neci     ai 

mad     tor  hi preciatii  hould  be 

I 1 .-. i  r.  a   as  an   opei  -    i  parts  of   the 

plant  wear  out  they  must  bi    replaci  i    avi 

is  thus  kept  intact.     What  ■ 

service.     It    is   Impo     Ibli    to   keep   thi  _  To  So 

so  would  he  the  rankest  kind  of  waste.      If  a  |  plant 

is   partly  worn   out   but   In   render   the    •  n 

service  as  when  the  plant   was  new,  lost   nothing. 

The   loss  belongs  to  the   Invi    toi  beei      ill   wed   a 

mi    amount    to   offset    thi     di  pi 
capital  Investmi  nl   and  consequent  ly  red 
the    investment    bj    reason    ol    the    fa  which 

are  not  at  the  time  In  question  > esi    • 

Bscation      Supposi    thi    Investor  has  issuei  hi    property 

in   order  to  make  the  investment.     How   car    i 

on  the  bonds  if  the  earning   power  of   the  pn 

He  could  do  so  only  by  reducing  the   indi  btei  o  the  i  Ktent 

of    depreciation,     which     would     vary     tron  The 

ibsurdlty  of  such  a   pi sition  from  a  pi  would 

be  apparent.     If   the  rule   of   depreciatini 

ol    depreciation      I  ould    bee ■    I  Wished    Icy    In 

this  state,  we  can   see  very  little  Indue 
of  capital  in  Idaho. 

Similar  views  to  those  expressed  by  the  Idaho  Public 
Service  Commission  were  voiced  by  the  regulatory  bodj  of 
the  conservative  state  of  Maine  in  the  case  of  Butler  vs. 
Lewiston,  Augusta  &  Waterville  Street  Railway.  In  this  case 
on  March  28,   1916,  the  Public  Service  Commission  said: 

If  a  public  utility  company  is  spending  a  sufficient  amount    each 
to    properly    maintain    all    of    its    property,    and    as    a    result 

thereof    its    plant    is    rendering    nearly    100    per    cent    sen 

would   be  unfair  to  deduct   anj   considerabb    a unt   tor  deprecia- 
tion,   lor    the    reason    that    the    company    would    thereafter    receive 
,,,,,    upon    i  Ins   reduced    value,   and   being  obliged  to  charge 
mil    receive    no    more    than    reasonable    rates    upon    a    fair  u 

would    never   be   able   to   obtain    a   sufficient    amount    to   plai 

maintain    its    particular    property    in    proper   and    effl I     11 

In  the  case  of  a  street  railroad,  its  track,  its  roadbed,  its 
poles  and  wires,  its  car  barns,  shops,  and  power  houses  are 
ordinarily  by  maintenance  kept  in  such  state  of  repairs  that 
there  is  never  very  much  actual  depreciation.  Its  equipment 
of  cars,  on  the  other  hand,  necessarily  depreciates,  and  a  certain 
teserve  should  be  maintained  to  care  for  this  depreciation.  As 
a  matter  of  fact,  the  respondent  company  maintains  its  roadbed, 
tracks,  poles,  wires,  car  barns,  and  power  plant  in  excellent  con- 
dltion;  it  maintains  such  a  depreciation  reserve  upon  equipment 
is  satisfies  the  requirements  of  the  Interstate  Commerce  I  ore 
missicn.  In  the  absence  of  evidence  that  this  is  not  sufficient, 
we  ought  to  be  satisfied  and,  for  the  reasons  above  stated,  we  do 
not  in  this  particular  case  feel  that  there  should  be 
from  the  above  amount  of  $199, "SI .50;  and  we  therefore  Bnd  h 
ibis  amount  is  the  fair  value  6T  the  respondent's  property  used 
mil  useful  in  the  service  of  the  public,  as  above  outlined,  such 
values  being  as  of  the  date  of  the  complaint  in  this  i 

About  a  year  later,  on  May  2,  1917,  the  District  of  Colum- 
bia Public  Service  Commission,  for  the  first  time  in  the  his 
torj  of  rate  cases,  brought  out  clearly  the  difference  in  value 
for  the  purpose  of  sale  as  contrasted  with  value  upon  which 
to  base  rates.  The  decision  showed  clearly  that  the  public- 
is  interested  primarily  in  service,  and  that  as  long  as  the 
property  of  the  utility  is  maintained  so  as  to  give  good  service 
depreciation  is  of  no  concern  to  the  public.  The  decision, 
as  far  as  it  has  to  do  with  this  subject,  is  as  follows: 

Were  fair  value  being  determined  in  this  ca  i  at  a  basis  for 
purchase,  the  Commission  is  of  the  opinion  that  there  would  l» 
no  question  in  law  or  in  equity  but  that  accrued  depreciat 
determined  by  its  engineers,  should  be  deducted.  The  Commis- 
sion, however,  is  here  finding  fair  value  as  a  basis  for  rates. 
What  may  be  fair  or  not  to  a  purchaser,  either  private  or  public. 
:s  not  now  under  review.  The  relationship  of  the  ttu 
accrued  depreciation  to  the  Commission's  final  finding  of  fair 
value  must,  therefore,  be  from  the  standpoint  of  equity  as  be- 
tween the  rate  payers  and  the  company.  The  question  now  in- 
volved is,  How  and  to  what  extent  is  the  ratepayer  interested  in 
the  accrued  depreciation  of  the  company's  physical  property. 
Briefly,  the  ratepayer  is  interested,  and  has  the  right  to  be  inter- 
ested, in  the  quality,  extent  and  continuity  of  service  rendered 
and  in  the  fairness  of  the  rates  charged  therefor.  The  property 
being  to  all  intents  and  purposes  devoid  of  deferred  maintenance 
and  in  first-class  service  condition,  the  interests  of  the  ratepayer 
as  to  present  quality  of  service,  so  far  as  the  matter  of  depre- 
ciation is  concerned,  are  satisfied. 

The  Massachusetts  Public  Service  Commission,  which, 
with  its  predecessors,  is  one  of  the  oldest  in  the  country, 
clearly  stated  its  position  as  far  back  as  August  31,  1916,  in 
the  Bay  State  rate  case,  in  which  it  says: 

In   other   words,    the  company   is   held    to   the   same  standard    ol 


rudenci    In   I  hi  maintenanci 

the    original    acquisition    ol  | 

least  as  it  roasonablj    ■  n,   through 

some   fault    of    its   own.    it    h 

depreciati It   cannot 

on  ol  which   it  has 

to  preserve.    But  und.  i    a  co  mem 

theory.   II    would     eem  in  general   that   d<  ould   !>•■  mad, 

for   the   d<  pr  eclat  Ion    w  hicl 

the  failure  I i  he  paj  menl 

of    unwarranted    dividends    or    is    •  i.      ,,,    mis- 

management. 

In  the  decisions  already  quoted  it  is  evidenl  that  the  courts 
and  commissions,  as  time  lias  none  on.  have  become  more 
and    more    imbued    with    the    idi  ,  ,    nance 

takes  car.'  largely  of  depreciation,  ami  thai  being  the  case, 
ii  r  ob\  m uslv  unfair  to  deduct  an  amount  I i  upon  theoreti- 
cal assumptions  for  so-called  "accrued  depreciation."  The 
Supreme  Court  of  Oklahoma,  in  its  decision  In  the  case  of 
Pioneer  Telephone  &  Telegraph  Con  i  ate  of  Okla- 

homa on  September  25,  1917,  further  clarified  the  situation 
as  follows: 

In  the  case  at   bar,  as   wi    ha  the  Commission  made  no 

deduction   from  the  value  of  the  pi 

but  allov turns  upon  its  value  a     ncern,   kepi   i 

a  high  degree  of  efficiency  by  replace I      paid   oul    ol    cu 

revenue.     There    is    no    principle    of    publl  Srmlj 

established    than   the   right  of  the  company    to  cl 
an  amount  which  will  enable  it  to  malt.,  these  replacements,  and 
as  investors  put   their  money   Into  public   utilities  for  the  Bal 
the  returns  they  will  be  able  to  obtain.  If  the  allow: 

placements  is  sufficient  to  keep  up  a   high  degree  of  efficiency  : 

prevent  a  lowering  of   the  ability   of   the   plant    to   earn    ri 

unable  to  perceive  the  necessity  for  building  up  a  fund 
to  be  used  for  the  purpose  of  counteracting  a  purelj  theoretical 
depreciation.     The   theory    of   the    Comm  that 

charges  should   be   made  in   rates  sufficient    to  counteract  or   pn 
v  m    depreciation    by    replacements,    and    that    when    replacements 
are  thus  fully  provided  for,  depreciation   is  counteracted      We  see 
no  error    in    Ibis,    at   least,    none   of    Which    the   appellant   con 
has  anj    Jusl    cause  to  complain. 

As  pointed  out  earlier  in  this  article,  all  utilities  cannot  be 
treated  alike.  The  above  case  had  to  do  with  a  telephone 
company;  it  might  very  well  follow  that  an  electric  light  and 
power  company,  in  addition  to  caring  for  current  maintenance, 
should  also  be  allowed  to  provide  for  the  retirement  of  the 
larger  items  by  the  creation  of  a  reserve  for  this  purpose. 

Un  October  8,  1917,  the  Colorado  Public  Utilities  Com- 
mission, in  the  Intermountain  Railway,  Light  &  Power  Com- 
pany case,  said  that  in  the  early  decisions  of  the  courts  and 
commissions  the  value  spoken  of  was  sale  value,  while  that 
which  should  have  been  considered  was  value  for  rate  mak- 
ing. They  said  very  properly  that  in  one  case  depreciation 
should  be  considered  and  in  the  other  that  it  should  not  be 
considered.  The  following  extract  from  the  decision  is  illu- 
minating: 

The   early   decisions   of  both  courts  and  commissions  ape- 
have   almost   universally   held    that   some  deduction   on   account   of 

accrued    depreciation   should    be   made,    although  I rlty    of 

the   earlier  court  decisions   are  cases  involving   the   fair   value   of 

the  property  for  purchase  or  transfer,  rather  tha 

Whether  or  not  such  deductions  as  were  made  were  based  on  so- 

called   theoretical  depreciation   or  on   the  deprei  rn 

ictual  inspection  is  by  no  means  clear  from  a  reading  of 
these  earlier  decisions,  and  as  a  result  the  question  of  whether 
or  not  theoretical  depreciation  or  actual  depreciation  as  deter- 
mined by  inspection  should  be  deducted  from  the  original  cost  or 
reproduction  cost,  as  the  case  may  be,  has  been  presented  many 
limes  to  regulatory  bodies. 

The  Commission  is  therefore  of  the  opinion  that,  in  arriving  at 
the  fair  value  of  the  property  of  a  public  utility  for  rate  making 
purposes,  deduction  on  account  of  depreciation  should  not  be  nab 
for  the  reason  that  property  is  old,  obsolete,  Inadequate,  or 
otherwise  incapable  of  giving  good  service.  Obviously,  if  the 
property  were  found  in  such  a  condition  that  reasonably  good 
service  could  not  be  had,  It  would  be  the  duty  of  the  Commission 
to  require  that  property  to  be  put  into  condition  to  give  good 
service  before  entering  upon  a  determination  of  fair  and  reason- 
able rates.  If,  in  the  inventory  of  physical  property,  only  such 
items  as  are  in  use  and  useful,  in  reasonably  good  service  condi- 
tion, and  necessary  to  the  proper  operation  of  that  property,  are  in- 
cluded, the  element  of  depreciation— at  least  in  so  far  as  wear  and 
tear  and  obsolescence,  and  inadequacy  affect  the  fair  value  of 
the  property  for  rate  making  purposes— will  have  been  sufficiently 
taken  into  account. 

In  the  case  of  Ben  Avon  vs.  Ohio  Valley  Water  Company, 
the  Public  Service  Commission  of  Pennsylvania  made  large 
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The 
Ohio    Vallej    \\:ii.-r    Company    app  to    the 

Pen  i    the    Com- 

as' ruling  reversed  and  directed  H  to  reform  Its  valua- 
tion In  ace  with  certain  lini         d  down  bj  thi   • 

ii«r    which    we    an  i  mrt,    on 

aid: 

which  is 

largely 
hi   value      \ 

■ 
ery  u 

ind    it. 

■ 

In  the  case  of  the  Utah   Light   &   Traction   Company,   the 
I'tah    Public    Utilities    Commission    on    Di  1917. 

ruled    against    deducting    theoretical    accrued    depreciation, 

saying: 

may   well   hold   all 

■ 

i    depreciation.     A   way   must    be    round   to   in- 
sure investor.-  tment  their  Investment   will 

This  is  simply  another  way  of  saying  what   the  writer  con- 
tends     that   the  Investor  is  entitled  to  a   return  on  the   full 

undepreciated  value  of  his  investment. 
That  it  is  profitable  to  express  one's  views  in  order  to  assist 
ommissions  and   even   the   courts   in   coming   to  sound 
conclusions  miles  enter,  is  shown  by  the  finding 

Washington   Public  Service  Commission   on  June  30. 
0   Water   Company.     The  Com- 
mission said: 

\\  .  is    thought    worthy    of    consideration    In    an 

article  entitled   "Theoretical  Depreciation."   by  (".core.     I :     W 
of   New   York,   wherein   he   sti 

"Thi  of    the    depreciation    theory    would    state    the 

formula   in   tins   way:     A    untl    of   equipment  costs   $10,000:    it    lias 

a    life   •  ben    installed    of   thirty  years;   ten   year 

elapsed:    ten    years    is    one-third    of    thirty    years;     one-third    of 

333.33;    thus,    deducted    from    the    'cost'    leaves    the 

value'  of  the  unit   of  equipment  as  $6,666.67. 

"It    is    not   conceivable    that    at  lie   subject    of 

.lion    of    the    kind    here    illustrated    serious    consideration 

verinfr    its    utter    fallacy.     That  rained 

their   v  be   attributed   to  the  fact 

that   few   have   considered   it   seriously.     These,   who  are   unalter- 

0 mists,   some   mem- 
the    Public    Service    Commissions. 
mbei       if  tl 
iccounting   frati  ive   discovered 

•:   question   Is   not   i  ountlng, 

■  conomfes    and    final  legal    protect 

rty  rights." 
All  tin-  following  quotation!  ind  pub- 

i   in  Hi.'  year 
bowing  quite  conclusively  that  opinion  on  this  subject 
is  crystallizing  and   that   Hie  use  ol   depreciated   value  as  a 
VhiCh   to   fi x   rates   is   passing. 

In  ti,..  case  of  P  i  panj   <     City  and 

i      ,  master  Indicated  that  lie  had 

eful  study  of  this  mailer  ol  depreciation  and  dis- 

the   Bituation 
[on  in   Bald,  on  March  2,  1920: 
In    all   this   long   dlsi  usslon    I 

new 

In  the   early  da  onsin   Public 

m  had  a  habit  ol  deducting  something  for 
In  ascertaining  value,  and  at 

ame  amount  for  going  cono  rn  value, 

•    rt.-d    w  illi.      Thl      plan    it 

aband  The    Hon.   Carl    D.   Ja 

..■n    in 

doubt    in   the   listenei '     mil 


views  on  this  subject.    His  views  an-  remarkabl)    clear  and 
convincing.     He  said : 

.    I  w  hollj     ana'.  gi 

\aluc    of    marketable    commodities    has,    i    believe,     led 
direct!)    to  a 

under 
:    auto- 
.is  much  as  ;i  new 
hould   not    pul 

us.   and,    if    vain.-    i-   exchange, 
ind  fluctuating,  II   l<   hard  to 'explain  whj   comn 
and  exchangi   ,  lemi  i  hould  not  be  an  app 

•     value 
related    to   legll  Imate    Im  esl  ment. 
whi.ii    in   tin  n  made    bj    th< 

llty,    the   niin, i    is   ni    om  ■  m,   ami 

iii.    qui  si li >n  of  accrued  d  bllity  to 

■  '     i  ■  tiected  with  the  qui 

failuri 
ni, l  reasonably   have  been  Bel    asldi     and   the  ques- 
tion of  return  to  the  a   pari   ..f  the   Invi 

i,.    in- 
■ 
of   ac-i  i     with 

the   question    of    the    Inveatmenl    -tin    In    the    utlllt; 

-  I    in   the  in iin  v    and   the  utility 
n   propi  i  lv    ni 

ere  is  no  ju 
Concluding  his  addres:  ly  affirmed  that  on  this 

matter  of  depreciation  there  was  getting  to  be  a  unanimity 
on,     His  exact  words  on  this  subject  were: 

Various  I-    more  of  a 

iii.i   on    the  quest  Eon   i 

In  the  Case  of  the  Consolidated  Gas  Companj    vs.   Newton. 
August   4,   1920,  Judge   Learned    Hand   brought   out   this  idea 
vera   clearly  when,  In  commenting  on  an  engineei      estimati 
traight  line"  depreciation,  he  said: 

Ilj    .i   conjecture,   based  upi 

i  he  plant ;  it  has  no  applli  a  :   up. 

In  many  of  the  recent  decisions  the  courts,  from  their  very 
language,  show  thai  they  have  little  patience  with  the  engi- 
neers who  theorize  on  the  matter  of  depreciation 

In  the  decision  in  the  case  of  New  York  and  Queens  Gas 
my  vs.  Newton,  et  al..  the  special  master  ruled  and  the 
federal  Court,  on  November  19,  1920.  agreed  with  him.  that 
there  should  be  no  deduction  from  actual  investment  on 
account  of  accrued  theoretical  depreciation.  In  the  opinion 
we  find  the  following  statement 

In  determining  that  the  complainant's  property  lias  a  fair 
present  value  of  at  least  the  amount   of   the  • 

investment    therein     ...     I    ha  deduction    for   what 

is  termed   "depreciation"  In  whatever  "  Under  any 

basis    of    determining    present    value,    the    complainant's    property 
Is  now  worth  at  least  the  amount   ol    such   Invi  ereln  and 

the  sound  rule  of  law  and    i  require   the  allowance 

i    unable   return  upon  at   least    that    sum. 

Not  only  are  the  courts  and  commissions  coming  to  adopt 

the  theory  that  when   a    property    is   kept    up   there   is  no  de- 
preciation,  but  even   the   aiiomeys   representing    the    United 
States  Government  are  Insisting,     o  far  as   steam   railroads 
are  concerned,  that  this  is  the  i 
One  of  the  most  interesting  contentions  made  by  thi 

,  iniii, nl    attorneys    is   found    ill    the    recent    C8    •     ,>i    the    Nash 
ville,  Chattanooga  &  St.   I.ouis   Railway   Company   vs.    United 
States  before  the  United  Stales  Circuit  Court   of  Appeals.     In 
the  brief  filed  on  behalf  of  the   United  States  mi   Deci 
7,  1920,  we  find  the  following  argument 

.    .    .     The  Government  prove!   that   the   renewals  and   re] 
ments.   together  with   the    n  ch    were    made,    maintained 

the    roadway,    and.     In     fact,     kept     the    roadway     in     as     i 
better  condition   at  the  end   ol   ■  was  al 

the  beginning  "f  each  of  said  years,  and  that   therefore  tin' 
no  depreciation. 

Farther  on   in   this   same   brief,   it    is   staled   thai    it    I 
theory  of  the  Government"  that   the  usefulness  of  the  rail 
roads    determined    their    value   and    tie     fol  tement 

appear:  : 
if  ti  •  their  v slue  also   remains 

ncri 

•    value 
fore,    thai     » 
the   us,  fn'-i  ndlngly 

Value     in    tin-   connection,    it 
i  hal    w  ,-.,i-    mill    te  "      ati       reduci 
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consequently  the  value  of  the  railroads  Oi 
equally    well    known    that    repairs     I . 

parts  Increase  the  usefulness  and  consequent  ..,    rail- 

roads.   It   is  also  well   known   that   the  (rear   and 

tear  is  the  occasion  for  repairs,  renewals 
parts  and  that,  with  the  roadway  and  otl 
managed,    railway    companies'    wear    and 

ihan    renewals    and    replacements    are    made— so    that    both    take 
place  simultaneously  and  tend  to  counteract  or  offset  each  other. 
Later  on,  in  this  same  brief,  we  find  this  statement: 
It    is   apparent    that    the   service   life   of   the     .     .     .     rail.'. 
perpetual  and  that  the  repairs,  renewals  and  which 

were   made   to   it     .     .     .     eliminate   both    fun 
depreciation  or  any  other  kind  of  depreciation.     .     .     . 


Methods  and  Cost  of  Maintenance  of 

Drains  on  U.   S.   Reclamation 

Service  Projects 

Interesting  information  on  the  maintenance  of  open 
tile  drains  on  the  irrigation  projects  of  the   1      s    Reclama- 
tion  Service   is  given   in   the  January   Reclamation    Record 
by  Mr.   C.  E.  Lounsberry,  assistant  to   drainage  engineer   oi 
the    U.    S.    Reclamation    Service.     The    notes    followinj 
taken  from  the  above  mentioned  publication. 
OPEN    DRAINS. 

Soil. — The  type  of  soil  encountered  is  an  important  factor 
in  maintenance,  because  erosion  and  silt  deposit  are  causes 
of  expensive  work.  For  purposes  of  drainage,  soils  may  be 
divided   into  two  classes;    those  which   give  up   their  water 


readily  ami  bold  their  slopi  ch  do 

not  give  up  their  water  readily  and  will  net  hold  their  slopes. 
Of  the   soils  usually   eOCOUnti  red,   sand   ami    gravel   are   in   the 

lust  class,  and  silt.  (day.  Band]    clay,    eel  shale  are 

:    (lass.      Although    sand  y    when    full; 

I,  it  seen  gives  up  the  greater  part  .  when 

drainage  Is  provided,  Coarse  .sand  and  gravel  are  the  most 
desirable  soils  through  which  to  maintain  drains.  The  soils 
in  the  seond  (hiss,  on  the  other  hand,  hold  in  the  form  of 
capillary  and  hydroscopic  water  probably  the  larger  propor- 
tion oi  the  «at,r  originally  contain.  .1.  Tie  |y  and 
How  readily  when  saturated  and  thus  will  not  m 

Floods.— Floods  increase  the  expenditure  nance 

by   tt roslon   and   silting  of  drain-  out  of 

structures.       It     is     impossible    to    design    drains    which     will 

always  li.-  Hood  proof  because  grad.  irface 

slopes   and   these  are  frequently   steep   in   the   upper   reaches 

and   become  much  flatter  as  the  outlet  is  approached.     This 

in    erosion    where    velocities    of    flow    are   excessive, 

and  in  deposition  of  materia;  where  velocities  are  decreased 

because  of  flat  grades.    Again,  it  is  readily  seen  that  if  drains 

-igned  to  carry  infrequent,  abnormal  flood  discharges, 

the  velocity  will  be  so  small  during  normal  Mow   that  a  great 

silt  will  be  deposited.    \  they  are  designed 

lor    the    normal   seepage   flow,    the    flood    flow    may    destroy 

them.     The  usual  procedure  is  to  provide  sufficient  capacity 

for  the  maximum  usual  annual  flow  and  repair  damage  done 

by  abnormal  flows  which  occur  at  infrequent  Intervals. 

Plant  Growth  and   Debris.— The   growths   which   commonly 


TABLE  I— UNIT  COSTS  OF  MAINTENANCE  OF  OPEN  DRAINS  TED  AND  MAINTAINED  BY  THE  n 

TION    SERA 


Project.  Dates. 

.■1    1917-192] 

Huntlev 191 

Klamath      1917-1021 

New-lands    191 

North  Platte  'Interstate)   191? 

Rio  Grande   1918-1921 

■  .,■     1917-1921 

la     19   i 

Yuma    191S-1921 


Num- 
ber of 


3=4 


of  total 

(miles).1 

nil 
16.00 

34.21 

132.17 

10.00 


Patroling. 
Per  mile 

Per 

] 


-Unit  detail  costs  per  mile-vear ■ 

Clearing  oi  silt   and 

and    debris. 
Per  mile  Pei 

Percent. 
12.5 


year. 

$17.71 

7.08 


31.96 

13.03 

9.00 

.90 


Totals  and   averages    1917-1921  4.37  351.13 

i Unit  detail  costs  per  mile-year- 

Minor  expenses 


bad    $"  3  41 

Huntley    

Klamath     

New-lands     

North  Platte  (Intel 

Rio    Grande    

Shoshone    

Umatilla    

Yuma      


to  struc- 
tures. 

Per  mile- 
year.     Percent. 


and  plant  and 
equipment. 
Per  mile- 

1  'er  cent. 


3.41 
.03 


6  9 


Miscellaneous. 
Per  mi'e- 

I'er  cent. 
0.7 


Totals  and  averages...      $11.63 


•$0.96 


n.3 


8.5 
Unit 
Held 
cost 
per 
mile- 

-■ B 

47.06 
30.24 
182  71 
156.  S9 

24.65 


•$11.76 


29.16 

8.35 

61.47 

23.48 


Overhead 
Per  mile- 
year 
J42.26 
1.94 
8.33 
51.36 

3.91 
21  97 


56.80 


11.6 

13.7 
14.6 


116.32 

Total 
unit 

mile- 
year 
$141  31 

184.11 


48.8 
11.5 

37.8 


Average 


'The  average  of  the  total  miles  of  open  drain   for  the  years  considered,  not  the  mileage  on  which  maintenance  wa  - 
-This  represents  the  operation  of  two  permanent  pumping  plants,   including  overhead  expense. 
TDoes  not  include  Tuma  pumping  plants 
'Includes  Yuma  pumpins  plants. 


Num- 
ber of 
years. 


of  total 
length  of 
drains  in 

project 

(miles*.' 

47.52 
800 

14.20 
3.99 

81.17 

Totals  and  averages  1917-1921  3.".'"  158.63 

-Unit  detail  costs  per  mlle-y ear- 


Project. 

Dates. 

Carlsbad    1917-192*1 

Huntlev    1917-1921 

Klamath    1919-1920 

North    Platte    (Interstate!    1:0 

N'ewlar.ds    191S-1919 

Shoshone    1917-1921 


i Unit  detail  costs  per  mile-year 

ring   tile   and        Rep:' 
Patrolinc.  trap  boxes. 

Per  mile  Per  mile 

year        Percent.  vear        Percent 

24.3 

?.-.  2 


v.-a  r 

10.80 

5.96 


trap  boxes 
Per  mil 


1.60 


Carlsbad     

Huntlev    

Klamath     

North  Platte    (Interstate) 

Newlands    

Shoshone    


Minor  expense  and 
plant  and  equip- 
ment charges. 
Per  mile- 
year      Percent. 
1.3 


Replacement  of 

drains. 
Per  mile- 
year.     Per  cent. 


Hyrtrometry. 
Per  mile- 

I'er  cent. 


4  SO 

in  r.i 

1    IHI 


0.9 
Unit 
field 
cost 

milc- 

$63.05 

6.32 

in.  6n 


Overhead 

I 
year 

$36.7 


2.33 

12.27 
7.14 
2.65 


Per  cent. 
11  6 

13.4 

40.2 
13.2 


$31.00 
Total 
unit 
cost 
per 
mile- 

91.22 


Per  cent. 


22.7 


Average 

per  vpnr 

4.015.04 

69  26 
1,295  36 

70  R2 
1.6.17.34 


Totals  and  averages..        $2.54  4.3  $2.15  3.6  $0.01  ...  $50.95  $  7.9S  13.i  $9.3!2.-,l 

'The  average  of  the  total  length  of  closed  drains  for  the  years  considered,  not  the  mileage  on  which  maintenance  was  actually  done. 
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.11    drains   are   cat-tails,    Russian    thistles,    and    moss. 
and  blown   Into  the  drains   from  the  sur- 
rounding land,     it   floats  downstream   until  a   hni^itiK   place 
is  fouiul.  where  It  gradually  accumulates  and  forms  a  barrier, 
oss  dr. hiis  arc  objectionable  on  this  account,  tor 
re   higher   than   the   maximum   water 

■  till    floating    debris    and    form    an    obstruction 
which  ponds  the  water  above 

Tumble  wi  constant  ti  ouble     The 

hanks  form  windbreaks  and  Intercepl   those   which  an 
ried  },\   the  wind  from  the  surrounding  land  to  be  dropped 
into  tin    channel,  when-  they  gradually  pile  up  and  obstruct 
the  flow.    Tiny  arc  easily  burned  when  dry.  but  when  wet 
must  ho  removed  from  the  drain. 

Structure  Repairs.  Repairs  are  usuallj  made  necessary 
by  the  action  of  surface  water  flowing  into  the  drains,  and 

this  water  can  be  diverted   from   around   the  structures 

the  repairs  are  reduced  to  a  minimum.     Burrowing  animals 
mtribute  to  structure   washouts  by   burrowing   under 

and  nround  cut-off  walls,  allowing  water  to  get  behind  and 
under  structures  and  undermine   thi 

CLOSED    DRAINS. 
Soil.-    Tile   drains    to   function    properly    must    be    Kept    true 

v  and  alignment     if  the  soil  surrounding  the  tile  i- 
not  sufficiently  Btable  to  support  it.  the  tile  will  become  mis 
placed  and  the  grade  alignment   will   be  destroyed,  ca 
silt  to  deposit  and  the  tile  Snail]   i..  collapse      Pailuri 
occur  soon  after  construction  or  after  years  ol  service,  and 

they  have  occurred  even  when  the  tile  was  laid  on   « len 

cradles. 

Floods.  Most  o:  the  flood  damage  to  closed  drains  oi 
at  the  outlet  of  the  drains  by  washing  out  the  protecting 
bulkheads  It  i-  very  important  not  to  place  a  tile  drain 
outlet  in  a  natural  depression  where  flood  waters  are  liable 
to  flow.  Where  this  is  done,  surface  water  flowing  along 
the  depression  may  wash  out  the  bulkhead  and  sometimes 
uncover  the  tile  for  a  distance  above  it. 

Plant    Growth    and    Debris.-  If    trap    boxes    are    built    with 
ove   the  ground   surface  and  are   kept  closed, 
there  is  no  opportunity  for  debris  to  enter  the  tile.     The  tops 
are  sometim-  D    however,  or  boards  are  pried  from 

•  -  1"-  ill.  purpose  of  dipping  out  stock  water  or  for 
allowing  unusual  flows  of  surface  water  to  enter.  Buckets 
BOmetll  from  the    person   dipping   the   water   and 

lodge  in  the  tile  where  they  are  very  difficult  to  dislodge. 
often  making  it  necessary  to  uncover  and  remove  the  tile. 
■When  surface  water  is  allowed  to  enter,  it  carries  with  it 
some  debris,  part  of  which  may  he  caught  in  the  hox  and 
part  of  which  may  go  into  the  tile. 

Plant  growth  affects  closed  dram  maintenance  by  means  of 
the  roots  .  ntering  the  tile  through  the  joints  and  filling  them. 
The    v  willow    mills,    with    alfalfa    roots    a 

econd  Tie  root  entei  the  tile  through  the  joints 
and   multiply  i    pidlj    inside,   forming  a    line   dense   net- 

work  often    resembling    fin. -cut    tobacco.      They    finally    .loa- 
the  tile  completely.     This  difficulty   is   a  serious  problem   in 
maintaining  closed  drains  and  one  of  the  hardest  to  combat. 
MAINTENANCE    METHODS. 
A    |  D    maintenance   work   is   worth   more   than   a 

cure,     The  rapidity  with  which  conditions  become  worsi 

n   the  foregoing  discussion  and   it    is  much 

which    will    decrease   the   efti- 

Ol    He-    drams    than    to    remedy    them    after    they    have 

■  i-    proportions,      This    holds    for    both    types    of 
drains. 

Open  Drains.     Patrollin  asidered  as  a  preventive, 

and  the  coal  of  thi-  item  i-  money  well  spent,    a  ditch  rider, 

by  calling  attention  to  a  condition  at  its  inception  or  by 
doing   a   few    minute.-    work    him-.  It    at    the   proper   time,   may 

I  are  expend 

Silt  and   caved   material    should    I,.-    kept    ilea I    from   the 

drain  bottoms.  Where  a  large  system  of  drains  is  Involved, 
a  small  dragline  excavator,  traveling  either  on  the  crown 
of  the  bank  chine  for  cl< 

The   original    bottom    width   and    grade    line   should    1.. 
in  connection  with   t, 
drainage   Inlet*    should    !■ 

•  r   will   accun 
banks  iterlaj  from  the  banks  In  the  bottom 

of  the  drain.     Whi  ill  not   maintain  a  true  slope, 

it  is  frequently  necessary   to  irP  or  brush   pro- 


work     at     the     tOe     Ol      ."ll      -lop.-     to     keep     tile     channel 

t  tear. 
Weeds   and  debris  Bhould   be   removed   at   frequent  inter- 

■m1  not    allowed   t"  collect    until   erosion   and   silt   deposit 

have  resulted  and  the  bo  me  crooked,    in  on. 

a    wire    Line    supported    I  Is    has    been    erect.  .1    I.. 

catch    tumble    w Is    before    they    blow    into    the    drain,    the 

we.ds  being  burned  on  the  fence  at  Intervals.     Inflammable 

from  the  drain  and  burned  when  dry.     Non 

inflammable  material  is  thrown  out  where  it  can  not  get  into 
tie-   drain   again. 

Repairs   to   structures   should    be    made   ;,  ,,,  ,  ,| 

ior  repair  exists.    Small  washout    around  structures  can  be 

.1  bj  a  l.u  shoveiiui-  ,.i  earth  thrown  in  bj   the  ditch 

rider.     Larger  repairs  maj    require  ■<  crew   of  men      in  con 

ne, lion  with  this  and  also  with   the  Bloughing  in  of  banks  it 

cessary    to    exterminate    burrowing    animals,    such    as 

muskrats,    pocket    gophers,    and    ground    squirrels.      The    most 

ve  method  of  extermination  is  by  poisoning.  Shoot- 
ing Is  often  resorted  to.  hut   i-  less  effective 

Closed  Drains. — Patrolling  hears  practically  the  same  rela- 
tion to  closed  drains  thai  it  does  to  open  drains.  The  ditch 
rider  should  see  that  all  drains  are  operating  properly  by 
an   Insi tlon   from   the   trap    boxes   and   sh  I    trap 

are  kept  closed.  Foreign  material,  such  as  silt  and 
debris,  should  be  removed  from  the  boxes  before  it  attains 
a  depth  that  will  cause  it  to  pa>s  into  the  tile.  Sill  is 
usually   cleaned  out    by  dipping  with   a    water   bucket  having 

punched    in    the    bottom    to    allow     the    water    to    drain 

through. 

Deposition  of  silt  in  the  tile  is  not  a  serious  problem  as 
tile  natural  How  of  wal.r  usually  prevents  it.  The  usual 
Obstructions  are  caused  either  by  roots  or  by  the  tile  breaking 
or  settling.  The  only  remedy  in  either  case  is  to  uncover 
the  tile  and  remove  the  obstruction.  Prevention  is  again 
the  best  policy.  The  growing  of  roots  in  the  tile  can  be 
largely  overcome  by  removing  all  trees  within  a  distance 
from  the  drain  from  which  tin-  roots  would  be  liable  to  reach 
it,  and  by  prohibiting  the  planting  of  deep-rooted  crops  di- 
rectly over  the  drain.  An  efforl  has  been  made  to  procure 
a  chemical  which  would  kill  the  roots  in  the  tile,  but  nothing 
satisfactory  has  yet  been  found. 

Maintenance  Costs  of  Open  and  Closed  Drains-Tables  1 
and    II   give   maintenance    ...   |  and    closed    drains 

OD   Hi"   projects  Of   thi     R  lation    Service   lor   periods  aver 

aging  4.37  and  3.56  years,  respectively.  These  periods  are 
too  short  to  justify  any  general  conclusion  as  to  what  the 
relative  maintenance  costs  of  the  two  types  of  drains  will 
be  over  an  extended  term  ol  years.  It  is  thought,  however, 
that  they  may  be  found  of  int.  rest  as  showing  actual  main- 
tenance costs  for  the  periods  covered  on  the  various  pn 

Personals 

w-   iH-,.Pavol,t  '' ■'  the   Watei    Depart- 

■'    P..  Iso,  Wash.,  an.  ,.   .        ... 

Dr.  Wm.  Paul  Gerhard,  c.  E.,  has  recently  removed  his  office 
from  313  Audubon  -\\..  to  it   W.   12nd  St  .   New    STork  City. 

Burton  L.  winsiow.  ■     tl  neerlng  department  of  AJci 

ins  been  appointed  thi  magi  r  ol  Stoughti  n 

Charles    S.    Hennlng.    J.-.  mil    County,    'I',  vis.    lias 

neer  with  tl 
Highway    Department    wltl  Fort    Worth. 

Chas.  f.  Puff,  jr.,  formi  ,  bways 

ladelphla   and    lal  tary   and   general   manager  of   the 

v     oclati  .1    Pi  tins)  Ivanla   Highway  Com  . 
i 
consulting  and  engineering  servlci    foi   contract 
.  ommlslaons       h     addition    he    "  111    publ 
news  service  and  a  monthly    .li^.-st   of  public  construction 
olitan  district  of  Phi       i  Iphla. 
Alvord  &  Burdick.  COI  ,    that 

61    '■.  v1'.  ord,    Burdick  &    1 1 

h  thi   linn,  has 

In  the  net.  this  linn  will 
continue  In  the  practice  of  engineering  particularly  related  to  the 
problems    ..f    water    works,    water    purlfli 

J.    D.    Fauntleroy,    disii.  f    the    SiMli    Rederal    Aid 

district,    wi..  itej     ot      Vrkansas,    Oklahoma, 

Ix>ulsl:.'  resigned   hla   position   with    thi 

1 

r  ol    the   Sixth   district   since  it 
i '.Minii.  r..v  was  educated  in  Vir- 
ginia  Military    fnstltuti  been    la    thi  noerlng 
nee  1898.     Prioi   to  the  Spanish  war  he  waa  engaged 
mostly   In    railroad   engineering       He    served    In    the    Spanl 
nnd  nlso   In   the   Philippine                    on.      wi.r   leaving   the  arm] 
he   wa                           highway    work    In    the    Philippines   fnr   three 
then    two  yean   Id   sanltarj    engineering,   Bve   years  in  the 
reclamation  service,                                                        of  a  construc- 
tion company   In  Wyoming;,  and  foi    the  last   eight  yearn  ha 
with  the  fi ...  i  .i  bureau  ol 
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Solving  Economic  Problems  in  Blank 

Although  it  is  probable  that  few  writers  on  economic 
matters  have  ever  heard  it  stated  that  no  economic  prob- 
lems can  be  solved  until  each  of  its  elements  is  quantified, 
still  there  is  a  sort  of  subconscious  recognition  of  this  prin- 
ciple by  many  of  those  writers.  Witness  the  following 
quotation  from  an  article  by  Edwin  J.  Clapp  on  "An 
ran  Transportation  System."  in  The  New  Republic: 

"Take  for  example  the  illustration  already  given,  of  the 
five  separate  railroads  serving  an  industrial  section  ol  a 
-Middle  Western  city.  Suppose  we  forbid  the  railroad  carriers 
there  to  continue  competitive  services  and  compel  them  to 
unify.  The  result  would  be  the  abandonment  of  four  branch 
lines  and  four  stations,  and  the  development  of  the  best  sta- 
tion and  the  best  line  to  a  capacity  sufficient  for  all  roads. 
The  valuable  real  estate  set  free  by  the  abandonment  of 
duplicate  lines  and  stations  could  now  be  sold  and  the  pro- 
ceeds returned  to  the  railroads,  which  would  henceforl 
freed  of  the  annual  burden  of  interest,  maintenance  and 
operation  of  the  relinquished  property.  Multiply  such 
ings  by  the  number  of  cities  served  by  competitive  railroads 
and  the  result  would  be  an  indication  of  the  reduction  in 
expense  possible  from  unified  railroad  terminal  operatii 

Very  good,  but  why  doesn't  Mr.  Clapp  do  whal  he  tells  us 
in  the  last  sentence  to  do?  Why  doesn't  be  "multiply  such 
savings  by  the  number  of  cities"  and  compute  the  total?  Oh, 
because  he  is  merely  solving  this  problem  in  blank.  His 
task,  you  see.  is  simply  to  tell  us  how  to  solve  it,  and  then 
leave  us  and  the  data  alone  together.  This  might  be  satii 
factory  enough  if  he  would  collect  the  data  for  us;  but  he 
is  solving  in  blank,  you  see,  and  is  particularly  blank  on 
tistics. 

Now  it  happens  that  this  is  typical  of  the  way  in  which 
most  of  the  would-be  instructors  of  the  public  tell  the  public 
what  the  answer  is  to  the  problem  they  ai  reading  about. 
Isn't  it  delightfully  simple  to  solve  economic  problems  in 
this  fashion?  All  the  drudgery  and  dourness  of  ferreting  out 
the  data,  of  analyzing  them,  and  of  finally   producing  a  defi- 
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nite  quantitative  answer  are  thus  escaped   In    the   Mr.  Clapps. 

As  engineers,  most  of  us  have  learned  that   when   we  are 

igned   an   economic    problem — say   the   economic    1 

of  a  branch  railway — we  must  return  with  definite  costs  and 
values.  We  can't  "get  away  with  it"  when  we  confront  thi 
big  chief"  by  banding  him  a  neal  little  essay  on  bow  the 
problem  can  be  solved.  We  musi  have  a  definite  solution, 
together  with  the  data  to  establish  that  our  BOlUti 
economic.  But  "the  big  chief"  to  whom  the  Mr  Clappa  make 
their  report  is  usually  either  an  editoi  who  know  less  than 
he  does  about  the  problem,  so  he  "gels  by." 

Having  demonstrated  that   the   probl  d,   by 

olving  it  in  blank,  Mr.  Clapp's  next  step  is  to  imply  thi 
has  solved   it,  although  he  refrains  from   burdening  us   with 
the  data  of  the  solution.     True,  be  dues  not  say  so,  but  what, 
else  are  we  to  infer  when  he     next  procei  ludg- 

i.i'  nt  on  the  uneconomic  nature  of  railwaj  !  ire  and 

the  highly  economic   nature   of   railways  as   be   would   design 
them.     He  says: 

"We  have  no  American  railroad  system.  The  lack  ol  sys- 
tem makes  itself  most  severely  fell  in  the  planles  ni  98  and 
inconvenience  ol   competitive  railroad  a  our  large 

cities   and    in    the    enormous    expensi  duplicate 

terminals  impose  on  the  rail  carrier.     The 
problem   lies  not   in    pursuing   the   chimeras   of 
and  lower  wages,  but  in  cutting  out  this  vai 

Speaking  of  the  economic  advanl  ailway 

station,  he  asks: 

■Would  the  shippers  benefit?  Certainly.  An  industrial  lo- 
cation on  a  neutralized  terminal  li lonnecting  with  all  car- 
riers is  preferable  to  a  location  on  thi 

"The  question  asks  itself:  Why  in  the  world  do  not  the 
railroads  themselves  see  the  possibilities  of  such  reductions 
in  expenses?  Why  need  they  be  forced  to  undertake  these 
innovations  so  obviously  to  their  own  advantage?" 

Of  course,  now  that  Mr.  Clapp  has  presented  such  con- 
vincing arguments  (plucked,  shorn  and  bereft  of  all  data), 
it  will  be  obvious  to  all — even  to  a  railway  chief  engineer — 
that  the  railway  owners  should  rush  out  and  raise  the  money 
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for  th<  additions  and  betterments     No,  whj  rush 

out?    Let  them  merely  dip  down  into  their  own  pocket 
the  money.     Haven't  the]   gotten  used  to  such  dipping,  after 
all  these  years  of  paying  on)  much  and  taking  in  little?    Por 
of  such  is  the  kingdom  ol  altruism. 

How  Politicians  Menace  Public  Utility 
Commissioners 

The  recenl  decision  of  the  Consolidated  Oas  case 
Supreme  Court  Beems  again,  and  emphatically,  to  direct  al 
tentlon  to  one  of  the  worst  phases  ol  politics  In  America.  We 
refer  to  the  repeated  attempts  of  man]  politicians  to  Intimi- 
date the  judicial  and  Beml-]udiclal  bodies  that  decide  whal 
rates  the  public  shall  p;i>  for  transportation,  light,  water 
and  power  We  shall  com.'  In  a  moment  to  this  particular 
decision  and  its  rebuke  to  New  York  politicians,  l.ct  us 
tirst  mention  a  tew  of  the  attacks  by  politicians  on  rate- 
making  commissi. 

Not    long  I    tllfornia    Publii     Utility    Commission 

raised  certain  telephone  rates.     Whereupon  a  howl  went  up 

from   many   politicians     a   howl   in   which  even   so   reputable   ■ 

paper  as   tie    Loi     Uigeles    Times    loined      Thai    Influential 

periodical    virtually    said    that    the    rai  e    in    telephone    rates 
was    unjustifiable.      It     joined     the    politicians    in     its    outcry. 

Was  its  attitude  due  to  ignorance  or  to  a  desire  to  strike  a 
responsive  chord  with  the  public?     v.  in   venturing 

to  Bay   thai   no  editor  of  the   Los   Angeles  Times  had   even 

read  a  tenth  of  tie  evidence  in  that  rate  case,  to  say  noth- 
ing "i  having  attempted  to  analyze  the  evidence  The  Tines 
nal  Governor  Stevens,  whose  "creatine"  it  declares 
the  commission  to  be,  so  why  not  bat  the  governor  by  hat 
ting  the  commission?  Besides,  the  publii  will  applaud  any- 
one  who   favors   low    rates   and    low    prices. 

In    Illinois    some    politicians    decided    to    attack    a    public 

commission    that    had    raised    certain    rates.      A    gov- 

ernor    was    elected    through    the   efforts    of   those    politicians. 

and  he  immediately  got  rid  of  the  commission  that  had  dared 

to  raise  rates.     Why  not?     Had   not    a   governor  in   New    Jersey 

recently   done   the   same   thin-         i  tore    was    there   not 

excellent  precedent  for  getting  rid  of  a  "court"  that  tails  to 

meet    I  il    the    majority   of   the   public'.'      Is   this   not 

a  democracy  in  which  all  public  servants  must  meet  such 
i  lould  ati\  thing  be  plainer? 
The  Public  Service  Commission  of  the  State  of  Washing- 
ton, in  common  with  every  other  courageous  rate-making 
commission,  has  also  raised  some  lates.  notably  in  Seattle 
and  Spokane;  and  now  some  of  the  "representatives  ol  the 
people"  of  that  state  are  threatening  several  things.  They 
will  either  restrict  He-  commission's  powers  by  prohibiting 
it   from    regulating    rates    in    cite       ol    the    tirst    (lass,   or    1 1 1 .  ■  > 

will  make  ti,.-  commission  Blect  id  of  appointivi 

both.      Splendid   strategy.      Il   a    commission   against   which   no 

charge  of  dishonesty,  or  incompeteni  y,  can  bi     mstained  will 
not    giv<     us    as    lov  i       aould    like,    curtail    their 

power,  or  get  a  commission  more  amenable  to  our  desires. 

And    the    Bignificai  this    sort    of    political    rot- 

pi  al  to  many  daily  papers 
that    b  to    been    fair    toward    public    utility    corpora- 

tions, or  if  not   fail   have  at  least   retrained   from  attacks.     See- 
ing   that    it    is    winning   votes    to   attack    rate-making    coiiimis 

have  apparently  decided  that 
une  policy   will   win   readers      At   anj    rate   they  offer 

no    Bound    reason    lor    such    attacks.      They    do   not    even    inti- 
i    making  con  I        ■   •    dishonest.     The) 

know  ie  ttei      Hut  i  pecioui  Ij  about  evidence  thai 

they  have  obviously  never  read,  and,  reading,  could  not   : 

stand  important  phases      what  docs  the  average 

iper  editor  know   about   such  technical  phrases  as  "load 

"functional   depreciation,"   "development    cost,"   and 

•  r  hundred  and  one  tei  hnlcal   termi    thai   abound    in 

Lead  the  n  te-heai  ing  as  given 

in  tie-  average  dallj    paper  it  you  wish  t..  tai   over 

the  bead  ol  the  average  reporter  most   ol  the  testimony   is. 

Yet    i:  me    paper    thai    publishes    Hie    garble    I 

' 

n  cany  an  editorial  condemning   th  .a    the 

commission!     "it  would  be  to  laugh"  were  It  not    o  Berious 

h1a.iv   and   public 


utility  companies,  hut  to  the  millions  who  are  employed  by 
such  companies,  and  to  the   public  served  by  them. 

Several  years  ago  tie-  legislature  of  New  York  State  passed 
a  law  that  restricted  the  Consolidated  Gas  Company  to  80 
its  per  thousand  feet  ot  gas  It  mattered  not  that  fuel  and 
wages  had  doubled,  the  State  of  New  York,  throug.li  its  poli- 
ticians, insisted  on  continuance  of  a  confiscatory  rate  for  gas. 
Tie-  mayor  of  New  York,  most  of  the  politicians  in  power 
and  many  of  the  newspaper  [ought  to  retain  the  80-ct.  gas 
rate       What    did   they   car.'    about    justice   to    the   stockholders 

ol  the  Consolidated  Qai    C pany?     Was  it  not  enough  tor 

them  to  know  thai  gas  consumers  would  prefer  an  80-ct.  rate 
to  a  $1.20  rate?    The  i     s    Supreme  court  has  ruled  that 

the  New  York  Slate  iitilni.  comml  lion  must  fix  a  gas  rate 
that  is  not  confiscatory  Nothing  that  has  recently  happened 
has  served  so  widl  to  show  up  the  rottenness  of  many  poli- 
ticians in  some  of  our  large  cites  Following  the  Supreme 
Court  decision,  George  B.  Cortelyou,  president  ot  the  Con- 
solidated Gas  Companj .  said ; 

''I'lie  unanimous  decision  ol  tie-  nation'-  highest  court  is. 
of  course,  most    gratifying   to  the  trustee,   and   officers  of  this 

company.     For  the   last    three   years   this   company   ami    its 

subsidiaries  have  been  LibJeCted  to  unsparing  attack  and 
systematic    misrepresentation    on    the    part    of    publii     law    ofll 

■  ho  sought   to  prevent    the  establishment   ol   adequate 

rates. 
"The  most  vindictive  efforts    were  made   to   create   public 

prejudice,  confuse  the  lies,  mislead  our  consumers  and 
intimidate  every  om-   /.In  .■■  sted    lustice  lor  Ibis  company. 

Even  the  federal  judges  ol  thi  district  were  vigorously  and 
unscrupulously    criticise,]     for    daring    to    find    the    facts    and 

substantial  Justii  e    ential  contention  of  this 

company  is  unanimously   sustained  by  the  highest  court  " 

Hut  although  rebuked  in  the  most  impressive  way  by  the 
Supreme  Court,  some  New  York  politicians  are  apparently 
going  to  continue  to  gel  something  for  nothing  for  the  public. 
John   I'.   O'Brien,   COri  counsel  of   New    York   City,   has 

indicated  that  he  would  '.1111111111  the  city's  light  for  lower 
gas — observe   that    h  for   justice."     Then   he 

added  significantly  that  lie  public  will  hold  the  Public  Serv- 
ice Commission  responsible  for  future  rates  on  gas! 

This  is  a  pretty  mess,  indeed.  If  it  were  of  a  sort  found 
only  in  New  York,  Chicago,  Detroit,  San  Francisco  and  a  few 
other  large  cities,  we  might  not  worry  much  over  the  future 
of  our  public  utilities  and  railways.  Hut  this  sort  of  politics 
is  typical  rather  than  exceptional;  and  the  American  public 
has  yet  to  realize  lie  full  rottenness  of  it.  In  the  exposure 
of  its  rottenness,  and  ol  its  Consequent  bad  economic  effect 
on  the  entire  country,  tin  organized  engineers  ol  America 
can  play  a  leading  pari     I   they  will.     Will  they? 

The  Public  Utility  Rate  Base 

Ever  since  the  United  States  Supreme  Court's  decision  in 
the  "Nebraska  Kate  Case'  in  1S9S  there  have  been  honest 
differences  of  opinion  .is  to  whether  railway  and  other 
public  utility  returnt     1 Id  be  calculated  as  percental 

invested    capital    or  at    I  alU(  .  '    not 

clearly  defined,  hut  most  often  calculated  .1  "C08t  01  repro- 
duction less  depreciation  In  referring  to  "honest  differ- 
ences'' we  speak  ail'.:  1  lly,  for  not  only  is  it  possible  to 
differ  honestly  in  such    matters,  but   we  recall  actual    111    I 

ni  disagreement  on  thi  ate  base  between  persons  engaged 
.11  the  same  sidi    '■  ca  see. 

For  the  most  part,  however,  one  cannot  escape  observing 
a    distressing   reversal   ol    attitude   by   the   parties    1,.   these 

disputes  during  the  past  1"  years.  In  the  early  part  of  .be 
last  decade,  when  con  :  ■  10  1 11  m  costs  were  low.  the  com 
panics   had   much    to      a.    111    favor  of   the    m  -is    as 

'..illle."     while     the     public's 

Sentatives  stood  as  firmlj  in  tin-  opposite  position,  in  which 
they    were   iinques!  ioiiablv    supported    bv    the   body   of   judicial 

opinion.    Hut  since  the  i"  ir  rise  "i  price    Invested  capital 

he    appeared  to  man)  citj  attorneys  and  other  public 

men   as   all   that  any   uliliiv    ought    to  earn   a    profit    upon;    and 

there    has    I 11    much    clamor    that    it    be    substituted    foi     thi 

value''   basis.      Simultaneously   utilities'   representative 

hastened    to   announce    theii    adherence   to   the    ti rj    that 

"value"    ami    not    "cost"    should    constitute    the    rate    ba  t 

All    of   this    is   but    the    working    of   poor   human    nature,    upon 
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which  we  are  not  called  to  moralize  beyoi  thi  reflection 
that  regrettable  as  these  things  are,  there  I  ndence  ol  on 
Increasing   sincerity    In   sucn    relations 

As  a  matter  of  tact  the  calculation  ol  merely  as  a 
percentage  of  either  "investment"  or  ibjecl  to 
serious  objection,  and  one  may  properl; 
better  basis  is  introduced.  The  Supn  the  Ne 
braska  Rate  Case,  made  an  excelli  n  .  \\  un- 
fortunately   its    ilt-i  isiim    has    not    I [lowed    by    I. 

progress  of  a   like  order.     There   has   bi 

ness   to  treat   court    decisions   as    iinal,   and   thus   to   sacrifice 

the   progress    which    should    be    made  |j    be 

contended  thai   the  respect   due  the  i  01 

jection   of  advancement    beyond   their   ed 

Actual  investment  as  a  basis  for  rate  regulation  is  prop- 
erly objected  to  on  the  ground  thai  in 
it  may  be  excessive,  and  in  another  inad  iqu  onable 

investment."  or  what  the  property  oughi  under 

reasonably  good  management   tit   the  act 
struction,   while   obviating    these   objections,   is   still 
to  the  criticism  that  it  puts  tin>  financial 
utilities  on   a   different    basis   from   those  of  other   indu 
by  stabilizing  them  against  price  change  isiness  fluc- 

tuations, and  so  giving  them  a  measure  ol  in  urance  in 
times  of  depression  and  a  handicap  In  timi  ol  prosperity. 
Lack  et  space  here  precludes  discussion  of  the  question 
whether  or  not  governmental  regulation  so  char- 

acter  of   an    industry    as   of   necessity    to    require 
basis  for  displaying  its  earning  status. 

In  our  issue  ot  .March  8  we  printed  tin  articli 
IS  recent  cases  in  which  either  courts  or  commissions  have 
ruled  against  "depreciated  value"  in  spite  of  its  earlier  ju- 
dicial sanction.  Some  of  the  reasons  for  dissatisfaction  with 
the  "value  basis"  are  easily  and  quickly  presented,  in  the 
first  place  as  a  business  proposition,  the  value  to  owners  or 
prospective  purchasers  is  primarily  dependent  upon  the 
charged;  and  the  attempt  to  regulate  rates  In  value"  in- 
volves a  circular  procedure  leading  nowhere.  "Fair  market 
value."  even  if  it  were  directly  ascertainable  (which  it  is 
not  for  properties  seldom  traded,  and  for  which  no  open 
market  exists)  affords  no  escape  from  the  circle;  and  this 
combination  of  requirements  and  limitations  has  lead  to  the 
common  use  of  "cost  of  reproduction  less  depreciation"  as 
a   substitute 

Such  a  base  can  be  made  to  change  with  everj  da) 
preciation  and  with  every  change  in  the  prices  of  labor  and 
materials;  but  it  does  not  follow,  as  some  argue,  that  logic 
requires  correspondingly  frequent  changes  in  rates  charged. 
Changes  at  reasonably  long  intervals  could  be  made  to  pre 
vide  fairly  for  the  price  changes.  However,  in  perio  il 
extreme  fluctuation,  as  in  the  past  6  years,  it  involves  real 
difficulties  and  objections.  Much  more  serious  is  the  fact 
that  in  most  cases  cost  of  reproduction  is  a  hypothetical 
thing  whose  very  existence  involves  contradictory  as  well 
as  arbitrary  assumptions — contradictory  in  such  assumptions 
as  that  an  utility  is  to  be  constructed  new  and  entire  in  a 
community  which  is  the  same  as  the  existing  one  in  all 
respects  except  the  complete  absence  of  the  utility  under 
consideration;  arbitrary,  for  instance,  in  the  selection  of  an 
exact  date  at  which  construction  prices  are  to  be  taken 

But  still  other  defects  appear  in  either  "cost"  or  "value" 
as  a  sole  basis  for  estimating  return  and  determining  regu- 
lation.    Neither   is  of  universal   applicability        i 

case,  in  which  there  is  not  even  an  attempt  to  use  them, 
occurs  with  those  utilities  which  do  a  large  business  with 
very  little  plant  investment,  such  as  the  express  companies. 
From  these  there  is  a  complete  gradation  up  to  utilities 
which,  like  gravity  water  supplies,  have  a  large  capital  in- 
vestment but  comparatively  little  operating  expense  in  con- 
nection with  their  business.  For  the  last  extreme. 
centage  return  on  a  proper  base  is  defective  chiefly  in  that 
it  fails  to  put  a  premium  on  economy  of  plant  construction 
and  operation,  and  may  even  induce  extravagance.  For 
the  intermediate  cases  the  defects  grow  in  importance  as 
the  cases  are  located  toward  the  opposite  end  of  the  scale. 
It  was  long  ago  suggested  in  these  columns  thai  economy  and 
efficiency  might  be  induced  by  a  periodic  adjustment  of 
rates  of  charge,  the  utility  being  given  opportunity  to  profit 
to  whatever  extent  it  might  be  able  from  economies  effected 
after  a  rate  was  established  at  the  beginning  of  a  period. 
Economies  so  made  would,  of  course,  have  to  be  subject  to 


adequate  Bervlce,   wages,  maintenance,  eti       such  a     ■ 
would   Involve  difficulties,   bu(    i 

troy  its  usefulness.    'i'h hi. i,  however,  be  even 

i"  it,  i    .11  rangementa. 

It   is   strange   that    so  little   ell  i     directed    toward 

effecting    B    change    in    the    system    ol    Computing    returns    and 

e  tablli  hing   the  rate   bat  es  of  p  I  ,    .    ■ .  turns 

ol  the  utilities  on  the  monej  and  i  i hem  have 

long  been  so  low  as  compared  with  iims,-  ,,i  other  business 
thai    inn    a    i"»>r   incentive    was    lefl    tor   their    u 

Y.t    then    oel    earnings  are   centum  ill       pri     I  Died   en    tin     I 
Of    a    straight     interest     rate     lead  q     with 

ge   and    lean    rates    Instead    "i    H  Ith  I 

quiring   first  class  operating   efforl     and   large  turnovei 
monej 

Mil  i chants  compute  their  profl 
pi  ice.  or  les  -  consen  atii  elj .  a     pi 

rs  use   varying  systems,  all  ol    which,  so   tar  a 

knew,    relate    in    B manner    to    bll 

highly  desii  i  also 

should    have    their    earnin  living 

i  i  urn    of    business    done    as     jvi    i    a 

in   or   value.     Such   a   change    fould   d aething     how 

a,  onl;    trial  could  tell — tow 

. .tions   in  a  better  light  public.     Savi 

the  ilea  t  [a   dui    to  courl   decision  itirelj 

i  .iiue."  it   should   he  oi    vei  ideed   bi  tore 

courts  and  commissions  ;   and   with   p  Dtatll ven 

inertia   should   yield   to   the  commi  i  of  the 

thing   within    a    reasonable   time. 

A   complete   plan    for   such 
would    require   a  great    deal   of    very    careful    work,    and    we 
have    not    attempted    such   a   task.      We    note,    hOWi 
salient    features    and    tentative    suggestions        I'm   i     of    all    a 
utility  should  earn  above  Its  operating  expensei  .  a  return  on 

its    legitimate    capital.      For   the    lnoi  I . 

property  say  70  percent — a  simple  hind  interest  rate  would 
eem  to  be  proper.  For  the  remaining  portion  there  should 
be  a  higher  rate  to  provide  for  the  lesser  degree  of  se. 
The  two  might  he  equated  to  a  single  rate  upon  the  entire 
property.  This  would  only  provide  for  the  necessary  capital, 
and  there  would  have  to  be  further  provision  for  a  profit  on 
business  transacted  in  order  to  place  the  utility  in  a  class 
with  trade  and  industry.  The  calculation  of  this  profit  may 
become  a  complicated  matter,  for  the  factor-  entering  it  in- 
clude supplies,  labor,  management  and  other  items  operating 
in  part  on  different  principles  and  subject  to  different  in- 
fluences. How  far  business  transacted  should  be  analysed 
for  this  purpose  we  do  not  pretend  to  say.  Some  cases  would 
require  more  detail  than  others.  It  might  prove  desirable  in 
many  instances  to  treat  the  matter  In  very  simple  fashion 
and  With  broad  approximations.  In  other  Instances  the 
treatment  might  be  elaborate.  Nut  in  no  event  should  the 
difficulties  involved  be  made  an  excuse  for  the  complete 
rejection  of  the  item  as  a  thing  essential  to  the  correct 
picturing  of  the  earnings  of  this  class   of  corporations. 

The  rates  of  profit  to  be  allowed  under  regulation  should 
be  such  as  will  attract  both  the  investment  Ol  capital  anil 
good  management  without  providing  a  "soft  thing"  for  the 
investors.  In  the  determination  of  the  profit  tales  there  will 
be  necessary  references  to  many  subjects  BUCh,  for  in  • 
as   the  rough  rules  of  man]    securitj    dealers   thai    foi    firsl 

investments,  net  earnings   should    be   al    lea   I    I 
the  interest  charges   in   the  case  ol    Industrial    bonds,   and   2 

times   in   the  case  of  utility   bom  

tion  of  the  utilities  being  due  to  the  greater  uniformity  of 
their  business. 

in  conclusion  we  state  our  belief  thai  eventuallj  there 
will  be  abroad  general  formula  for  the  measurement  ol  the 
profits  of  all  classes  of  business.  To  insure  generality  of 
application,  a  somewhat  complicated  formula  will  be  > 
sary,  and  it  may  be  that  no  single  business  will  involve  all 
of  its  elements.     Presumably   it   will   involvi  and 

approximations,  but  In  this  respect  it  will  merely  resemble 
most  formulas  of  applied  science;  and  the  approximations 
will  constitute  no  objection  to  its  use  if  they  can  he  shown 
not   to  affect    results  beyond  the  Ol   reasonable 

usefulness.  The  value  of  such  a  formula  as  a  means  of  com- 
paring widely  different  classes  of  profits,  would  be  in- 
estimable. For  one  thing,  it  would  solve  at  a  stroke  the 
question  of   what   is   a  profiteer. 
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A  Method  of  Forecasting  Future  Prices 

tot       i  was  greatlj    Interested  In  the  verj 

which  you  published  April  7.  1920,  giving  one  method 

lyzing  the  Ductnatlona  In  the  general  price  level   tor 

n   this  countrj       I   was   also   Interested   In 

your  :■  •■!  on  that  analysis,  ol  the  future  trend  of 

Th.  reached    bj    you    «,is    thai    prices    would 

ol  about  60  per  cent  above  their  value  tor 

think   this   prediction   ol  yours   has   since   been 

There  Is  another  method  ol  tint    future  prices      it 

i  can  ■  g  tedious  and  at  the  same  time  make  clear 

the  manner  of  applying  this  other  method,  it  may  be  of  Inter- 
readei        bo  are    students  of  engineer- 
am  reminded  of  this  question  by  an 
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bul   not   before  great   progress  had   been  made  in  preparing 
more  accurate  tables  of  the  moon's  motion. 
To  describe  n..«    the   result   of  applying   this   method  of 

sinusoidal    CUTVes  actuations,     take     the    case    of 

average   pries   in    England  since   1800;    those  aro  given   In 

an  article  In  the  M  Wall  Street    Scaling  off  from 

the  curve  there  glv<  i  I   n  year  Intervals,  the  follow- 
s  obtali 
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Diagram   of    Fluctuation   of    Prices   of   Commodities    in    England 
Since   1S08. 

in  your  issue  for  March  1,  pan,   208,  being  an  Interview  with 
rj    S    i '••unison— a  forceful  presentation. 

een  said  by  Mr.  II    G    Wells,  at  some  plai 

'the  future   is,   in  a   sense,  contained    in 
-;.''  and  if  we  knew  all  the  factors  thai  entered  into 
the  series  of  events,  which  we  call    "the  past,"  those   same 
projected  into  the  future,  would  give  us  pretty  accu- 
rate knowledge  of  the  future.    This,  however  (accurate  knowl- 
edge of  the  future), is,  of  course    Impossible.     Not   only   are 
imiliar  with  all  the  factors  in  the  past,  hut  we  do  not 
even   know   all   the   factors   in    the   present.      That  the   future 
cannot  be  predicted  in  its  entirety   from   the  past   is   shown 
by  the  very  book  of  Mr.  Wells  to  which   I   have  referred.     It 
ittep    while   the   war   was   going   on  and    professed   to 
tell  ■'■A  us."  but    failed   to  forecast   the  great   Rus- 

sian revolution. 

It  Is,  however,  a  temptation  to  try  to  make  some  kind  of 

>,<1   everyone   does   it.   with   more  or 

■    said   that   our  kno  stron- 

omy  arose  from  the  attempts  of  astrologers  to  predict  future 

i   doubts  thai   astronomy    can  today  pre- 

accuratel]    the   position  of  the  heavenly  bodies   for 

I    years   in   the   future. 

me  now  to  the  point,  the  method  I  refer  to  is  to  take 

■    value   in   the  past,   for  instance   tie 

level    (the    same    method    is    applicable    to    any 

LVing  a  curve  of  similar  kind  to  represent  them  I 

gnres  And,  bj    trial,  a  series  of  sinusoidal 

unultaneous  values  of  which,  being  summated, 

will   give  each   year  the  same,  or   nearly   the   same,   value   ;,s 

and     then,     having     found     this     series. 

mber  of  this  Beries  ol  curves 
into    the    future    and    snmmate    the    simultaneous    vain, 

•  ire,    which    will    gi\,-    the    forecasted    value    for  the 
■-.I  think,  quite  Independent 

outlined  by  you  in  tile  articles  which  you  wrote 
-fully    applied,    il 
will  give  further  light   on  the  question. 

1                               independent    « ill   sup- 
piemen!  ad  i  n  help  to  perfect  tl ther. 

■  OD    of   this    the    problem    may    be    eited    which    e\- 

rs  ato  in  connection   with  ocean  navlga- 

(i  ad  a   very  pressing 

and  practical  problem)  to  determine  the  longitude  of  a  ship 

.  There      Were     l«i,      lllctbod- 

ii  detail   from   an   at 
thsonian  institution  tor  1918),  those 
being  fa  i  measurement  of  the  angular  distance 
of  the  moon  from  <  ■  thi    method  bj   the 

rot 

forced,  further  pn  . 
Finally,  the  method  i, 
that  tie-  c.iher  method  dropped 


The  form  of  the  curve  from  which  these  values  are  taken 
is  quite  irregular,  and  do  other  kind  <•:  a  curve  than  a  sum- 
mation of  Beveral  period i<  cm  inusoidal  being  per- 
haps the  simplest)  can  be  made  to  even  approximately  tit  it. 
The  sinusoidal  curve  is  the  curve  Of  simple  harmonic-  motion 
ries  of  curves  of  this  kind  only  a  small  number 
imparativel:      peaking,  is  reipiir.il  to  give  a  fair 

ol    approximation    and    bj     increasing    the    number   of 

anj  required  ipproxlmation  can  b<   obtained. 

'Pin-  accompanying  diagram  shi  mi  the 

i  from  the  use  of  a  Beries  of  is 

■■  •!    bj    small    triangles 

The  agreement  betwi  i  to  be  fairly  good, 

i   on.-  w  ho  is  pal  I  ia  I   might  think  so. 

The  dotted   line   ii  ad     il    prices    in    the   future 

and  may  or  may  not  The  chance's  are  that    it   i- 

iioi    correct,   since,   tin-   pi tbility   is   that    the  curves 

-<nt  tlie  values  in  the  past  are  not  the  correct  ones. 

and  even   if  they  were    '    is   oot   certain   that   each   individual 

curve    will    continue    m    the    future    the    course    it    had    in    the 

lowever,  thai    1^  l        I  leory  upon   which  the  procedure 

is  based. 

If  it  is  admitted  that  the  forecast  for  the  future  may  be 
entirely  erroneous  what  i>  lie-  advantage  of  such  a  curve 
compared  with  some  other  method  of  judging  future  i  in  any 
•  vent,  some  judgmei  inline   is   likely  to   lie   formed). 

In  effect,  Mr.  Dennison  >  forecast  (see  March  1  Engineering 
and  Contracting^)  is  based  on  the  theory  that  there  is  a  major 
cycle  and  a  minor  cycle  As  he  expresses  it:  "Two  cycles, 
one  corresponding  with  tin-  waves  of  the  sea.  the  other  with 
the  broader  tidal  movements.  Thus  we  have  the  minor  - 
wThich  have  an  average  length  of  about  three  years,  and  the 
major   cycle   which  consist   of   from    seven    to    ten 

years  of  good  times  and  seven  to  ten  years  of  less  pros- 
perous times."  Mr.  Dennison  is  talking  of  the  cycli 
shown  by  the  sales  of  his  company,  which  may  be  a  different 
thing  from  the  fluctuations  in  prices,  though  the  two  are 
somewhat  closely  related  But  my  analysis  would  show  that 
there  are  more  than  Is  cycles,  which  must  be  summated 
to  give  tin    avi  ■    -  evel  of  all  commodities. 

A    curve    prepared    this    way    is    quantitative    and    can    be 
made  as  precise  as  may  be  desired,  the  values  being  pri 
even  though  erroneous      \   scientific  man  will  see  the  value 
ni    precision,   though   of  uracy   would   rank  above 

ion      However,  precision   will  reveal  lack  of  accuracy 
and    show    where    to    look    for    the    fault       In    regard 
laboriousness   of   this    method,   such    a    curvi    covering  100 
be  figured    out    in    four   hours,   and    if   the  correct 
values    of    tie         Ct<  mid    he    found,    the    curve    would    not 

only  show  that  prices  will  be  lower  in  the  future,  but  also 
would  show  approxtmi  tely  how  much  lower.  I  do  not  be- 
lieve that  the  matter  is  ,i<  simple  as  il  would  seem  from  the 
nt  just  made,  but  it  maj  be  that  further  work  along 
this  line  would  lead  to  a  result  of  some  value  and  certainly 
llghtenmeat  which  would  be  reached  in  working  with 
t  he  data  w  mild  he  oi  much  \  alue. 

The  game  method  maj  ipplied  to  such  data  as  the  com- 
mercial failures  of  the  United  States,  figures  for  which  are 
available  hack  to  1857  rhese  figures  show  "peak.-"  in  the 
1857,  1^7".  1893  and  1914,  approximately  20  years  apart, 
wiih  Becondarj  peaks  al  1861,  h>.  1896  ami  1921.  The 
figure  for  1921,  however,  Is  so  much  in  exi  nythlng 

-how    that    its    value    was    probably 

not   io   be  predicted   from   an  analysis   of   ti^ure-  available 

previous    to   the   year    1921        In    Other    words,   the    theory    out 
lined  aho\  B  bl  lu-t   passed       It   r 

"unprecedented" 

Nashville.   Tenn  JOHN    WILKES,   I 
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Railroad  Rehabilitation  and  Business 
Improvement 


Newspaper    Editorials    Commenting   on    Need    of 
Early  Resumption  of  Construction  by  Railways 

"Railroads  Standing  Still" 

\.  H    foi  ;.   Xlnw  5,    ' 

One  of  the  highest  operating  officials   i  |  i,    most 

conservative-    railways    of    the    count:;.      I  M.Crea    of 

the  Pennsylvania — is  quoted  as  saying  thai  the  country's  rail- 
ways are  "standing  still"  so  far  as  the  expansion  of  their 
facilitii  rned.    Few  think  that  country  is  "stand- 

ing still.''  or  doubt  that  we  are  on  th  cpansion.     It 

follows  that  the  country  is  approaching  a  transportation  fam- 
ine. Colonel  McCrea  even  understates  the  line  in 
the  rate  of  railway  expansion  had  begun  before  thi  war,  and 
in  each  of  the  last  five  years  more  miles  of  railways  have 
been  abandoned  than  miles  of  new  route  constructed.  Poi 
the  five  years  1917-21  the  railway  mileage  aband 

miles,  nearly  2,000  miles  of  track  being  actually  torn  up 
for   material. 

Just  now  there  is  an  excessive  supply    0  k.  but 

it  will  not  last  long  at  the  recent  rate  or  increase  of  traffic. 
IV;  tie-  last  month  reported  144,129  more  ears  were 
than  in  1921.  If  the  figures  are  not  misleading,  we  are  tear 
Ing  a  car  famine.  Then  the  existing  mileage  will  nol  be  able 
to  render  the  service  it  should.  In  1921  fewer  locomotives 
were  built  than  for  any  year  since  189".  In  1921  Pm':':' 
freight  cars  were  built,  the  smallest  total  since  the  record 
began  to  be  kept  in  1S99.  The  failure  to  replenish  the  supply 
of  passenger  cars  is  similar.     Only  246  wei  n  1921. 

Unless  these  official  figures  can  be  challenged.  < 
McCrea's  remarks  are  not  subject  to  discount,  s. 
Hoover's  words  represent  the  truth:  "Unless  we  have  a  quick 
resumption  of  [railway]  construction  the  whole  community, 
agricultural,  commercial  and  industrial,  will  be  gasping  from 
a  strangulation  caused  by  insufficient  transportation  the  mo- 
ment that  our  business  activities  resume." 

Hoover  and  the  Railroads 

■  ■;!!.  innati    Enquirer,    F"i  b    21.) 

Within  ten  minutes  after  Herbert  C.  Hoover  began  his 
statement  of  the  railroad  situation  at  the  Interstate  Com- 
merce Commission  hearing  the  atmosphere  was  cl 
Long  before  he  concluded  he  had  dispelled  the  pessimism 
with  which  the  situation  had  been  shrouded  by  the  two  Di- 
rectors-General under  Government  control.  Likewise  he. 
indirectly,  lifted  the  camouflage  with  which  they  had  cloaked 
the  Government  control  administration. 

They  had  dwelt  with  eloquent  verbiage  on  the  iniquities 
of  the  old  railroad  regime  and  on  the  storied  virtues  and 
panoplied  character  of  Government  control.  They  told  of 
millions  spent  not  merely  to  maintain  the  railroads,  but.  as 
they  claimed,  to  return  them  to  their  owners  in  better  con- 
dition than   they  had  been  received. 

Mr.  Hoover  called  attention  to  the  10,000  dditional  miles 
of  roadway  required,  to  the  shortage  of  4,000  locomotives  and 
200,000  freight  cars  that  must  be  supplied  to  put  the  railroads 
on  an  even  basis  with  the  transportation  requirements  of  the 
country.  He  stood  in  the  present,  looking  into  the  future 
instead  of  into  the  past.  He  visioned  a  prosperity  restored 
and  the  need  of  every  ounce  of  transportation  energy  that 
could  be  mobilized.  He  put  no  qualification  whatever  upon 
his  statement: 

"Our  country  is  more  dependent  upon  railway  transporta- 
tion than  any  other.     All  others  have,  comparatively,  g 
coast  lines  and  internal  waterways  " 

.Mr.  Hoover  spent  no  time  condemning  the  Railroad  Admin- 
istration. He  made  no  reference  to  the  direct  debt  of  J  1.14" 
810,000  incurred  to  the  nation,  no  reference  to  the  $1,114.- 
1  equipment  bill  funded  but  not  expended,  no  refer- 
ence to  the  more  than  $2,000,000,000  increase  of  operating 
expenses.  He  passed  that  by  as  he  passed  by  the  equally- 
condemned  and  discountenanced  regimes  of  2.".  and  50  years 
ago.     He  said  with  impressive  emphasis: 


•I  see  i  ailway 
finances,  it-  propi  iei>  or  lai  i 

its   skill.     That    generation  by.     This   Comml 

approaches   the  financial    pro  railways   upon   the 

\alu.'.   not    upon   tie  n  md    1   take   it 

we  are  living  tor  the  future,  We  want   ■ 

portation,  and  we  want  it  wit1  |  private  Initiative 

and  (lean  public  sei 

11.-    left    the    situation    clarl  The 

railroads  are  necessary   to  the   futun 
prosperity  of  the   jhippei 
distribution  of  his  produi 

The  Government   is  not   blam       -  than 

managements  ate  blameless     T      railroads  must  be  restored 
to  full  vigor.     The  least   the  Government   can  do  to 
its  accounts  is  to  lend  its  credit  to  rebuild  what  it  has  helped 
to  cripple.     Mr.  Hoover  conclui 

■'Tii.  in   would  tee  ,i  cent  upon  the  guarant- 

or  if  the  railroads   of  the    United   states   cannot 
interest    upon   what    they   are   asking   to   borrow,   l.-t    us   throw- 
up  our  hands  and  prapare  tot  md  Russia." 


Railroad  Rehabilitation  and  Returning  Prosperity 

(i'ii 

Two  American  men  ol  affairs  discussed  tb  |  ;••  t  us.- 
of  on:  is   virtually 

identical.  Mr.  George  Reynold  speaking  at  Los  An) 
declared  that  Europe  does  not  off<  i  us  a  good  risk  while  its 
oments  maintain  large  armies,  refuse  to  balance  their 
budgets  through  economy  and  proper  taxation,  and  continue 
to  inflate  their  currency.  Compared  to  the  opportunit 
development  in  our  own  country,  whose  resources  are  unim- 
paired and  whose  fiscal  and  economic  conditions  are   -olid  as 

•  r  rock,  there  is  little  in  Europe  to  justify  invests 
good  American  money  or  the  exti  a  large  credit 

resouri  es 

At  the  same  time  the  Secretary  of  Commerce  remarks  upon 
the  current  proposals  for  relieving  our  agricultural  situation 
by  granting  enormous  foreign  credits  for  tie-  purchase  of  our 
raw  materials  and  he  declares  that  a  billion  dollars  .  xpended 
upon  our  American  railroads  would  do  more  to  relieve  our 
I   eondition  than  twice  that  amount  loaned  a 

Mr.  Hoever's  statement  has  had  too  little  attention.  It  is 
a  most  timely  and  illuminating  contribution  to  'he  discussion 
of  our  present  situation.  There  is  no  more  important  fat  tor 
in  our  problem  than  the  condition  of  our  transportation  sys- 
tem, as  to  which  Mr.  Hoover  is  right  in  warning  the  country 
that  "unless  we  have  a  quick  resumption  of  construction  the 
whole  community  -agricultural,  i  ommercial  and  industrial — 
will  be  gasping  from  a  strangulation  caused  by  insuffi 
transportation  the  moment   business  activities   resume." 

The  Tribune  believes  this  is  one  of  the  n 
of  our  situation.  Mr.  Hoover  does  well  to  remind  us  to  look 
ahead  and  realize  now  the  bearing  of  railroad  rehabilitation 
upon  our  future  economic  efficiency.  An  adequate  transpor- 
tation system  is  essential  to  the  pro-  tanner,  tie- 
wage  earner,  the  manufacturer  and  merchant  in  short,  to 
every  individual  in  the  land.  This  is  a  platitude,  but  it  is 
not  practically    applied. 

But  there  is  also  th.-  immediate  effect  of  railway  recon- 
struction to  be  considered.  As  the  Tribune  has  said,  if  we 
want  early  and  accelerated  revival  in  this  country  we  know 
of  nothing  which  will  take  effect  quicker  than 
railroads  building  up  their  equipment  and  extending  their 
facilities.  Nothing  will  take  up  so  much  slack  in  our  unem- 
ployment by  giving  work  not  merely  on  the  roads  hut  in  all 
the  many  industries  which  supply  them,  ami  this  will 
itself  at  once  in  new  purchasing  power  which  of  course  will 
profit  the  farmer  as  well  as  the  business  world. 

We  do  not  say  that  the  problem  of  foreign  credits  and  trade 
is  negligible.  It  is  important  to  our  complete  restoration,  but 
our  best  policy  is  to  try  to  make  the  fullest  use  of  our  own 
resources  and  to  try  to  start  our  wheels  going  as  best  we 
may  by  building  up  our  own  vast  economic  plant  again 
day  when  it  will  be  needed  by  our  expanding  opportunities. 

One  thing  is  certain,  that  to  starve  the  roads  by  prema- 
ture or  inordinate  reductions  of  rates  and  undue  restrictions 
is  to  starve  the  whole  economic  constitution  of  the  country. 
It  is  to  ignore  perhaps  the  most  direct  and  widespread  stim- 
ulation of  business  activity  and  prepare  a  serious  check  upon 
our  economic  efficiency  in  time  to  come. 
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What  of  Railroad  Construction  This  Year? 

Extracts  from  Letters  of  Railway  Officials  Regarding  the  Outlook  for  1922 


Railway    Construction    and    Business    Improvement. 

Unquestionably,    a    large    construction    program    this 
would  be  .1  vital  element  In  bringing  about  an  Improvement 
i  ondltions ,  .ii   least   thi  ol  Buch 

;i  program  will  be  a  Berlous  handicap      i '  to  which 

the  railroads  can  enter  upon  a  fairlj  ambitious  program 
not,  it  seems  to  me,  be  accurately  stated  at  this  time.     The 
plet      w  Ith   difficulties.     The  net    In 
ras  verj    low   and  considered  as  a  whole  the  amount 
toward    Improvements    nil.     Conditions   are    still    un 
settled      With   rates  and  wages   undetermined  it    is  difficult 
to  plan  t"i    ill.    future.     There  are   but   two  ways   in   which 
ni  mini      tnd   borrowing 

|j    speaking,   the   second    is   entirelj    dependent    upon 
the  first,    it  would  be  fine  If  tl  tld  Inaugurate  and 

through  .i  substantial  pn  dditions  and 

ments,  but  thej  must  protect  their  financial  situation  and 
it  would  not  I  >•  ;it  all  helpful  should  expenditures  be  made 
for  improvements  at  thi  to  the 

public  ami  maintenance  of  the  existing  plant 

son..  better  off  than  others  and  those  with  the 

financial  ability    to  do  so  have  provided  tor  more  road  and 
equipment  additions  and  betterments   than   probabl] 
orally    known.      Speaking    for    the    Illinois    Central,    wo    have 
pursued  the  policj  elves  in  position  to  take 

■  the  traffic  needs  of  the  territory  served  and  to  make 
ible  provisions  tor  carrying   the  peak  load:   also,  our 
plans  during  tie  past   year  have  been  based  on  a  return  to 
normal   business  activities.      In    1920   we  spent   approximately 

$i>». ,000    for    Improvements,    in    1921    approximately    $27.- 

duo.ooo.  The  amount  spent  in  li'i'i  was  greater  than  any 
previous  > i  1918 

The  property  is  sufficiently  w.n  equipped  to  take  care  of 
a  much  larger  traffic  than  we  ate  likely  to  he  called  upon 
to  handle  at  any  time  in  the  near  future,  therefore,  our  ex- 
penditures for  improvements  this  year  will  not  be  so  large. 
However,  they  will  be  substantial.  Already  we  have  placed 
orders  for  2,000  gondola  ears  and  1,000  refrigerators,  which 
will  cost  approximately  $6,000,000,  and  one  piece  of  major 
work  arranged  for  is  the  construction  of  a  stretch  of  third 
track  and  grade  revision  on  the  line  in   Illinois  near  Chicago, 

which  will  call  for  an  expenditure  <>t   approximately  $2,260,1 

C.    II     MARK  HAM, 
President,    Illinois   Central    R.   R. 


Great    Northern    Will    Spend    $13,000,000. 

I  am  of  the  opinion  that  the  greatest  contribution  the  rail- 
an  make,  ami  ought  to  make,  towards  aiding  tin1  gen- 
oral  Improvement  in  business  conditions  is  by  using  their 
money  and  credit  to  come  back  into  the  market  for  mate- 
rials and  to  carry  out  as  large  a  rehabilitation  and  improve 
ment  and  betterment  program  as  they  can.  When  this  de- 
pression, through  which  we  are  now  passing,  finally  Is  over 
and  the  great  volume  of  business  again  becomes  normal,  it  is 
a  serious  question  whether  the  railroads  as  a  whole  will  be 
ready  for  sueh  business,  unless  we  begin  now  to  improve  the 
facilities,   including  equipment. 

Being  of  thi-  view,  we  are  arranging  on  the  Great  Northern 

v  out  :i  relatively  large  betterment  and  Improvement 

program   in    1922,   and    will    spend    altogether   probably   $13,- 

Roughly    speaking    one-half    of    it    will    lie    for    new 

equlpn  tennenl  ting  i  quipment ;  and  one- 

half  for  additions  and  betterments  to  fixed  propi 

The  Impro  property  will  consist  of  about 

50  miles  ol  -',01111  track,  two  new  freight  terminals,  one  new 
ore   dock,    a    fairly    large    program    "t    replacing    temporarj 

bridges   with   pern  one   hundred   and   Bftj    miles  of 

an 11    usual   rail   renewals  and 

ballast    renewals. 

K  U.l'll    l'.l    I'M 

er n   1 :    1 ; 


D..    L.  &    W.    May    Electrify   30    Miles  of   Main    Line. 

company    1  amount    of   work    Ii item 

plation  for  tin-  cm-    ■  idi    from  the  possible  electri- 

'.1    it      line   over   the    pusher 
•  in,    ''.'..ring    about   SO   miles   of   our    main    line   tracks. 
Whether    we    will    undertake   this   or    not    depend      '"    a    con- 


ble  extent   apt  : i   the  contractors 

who  are  figuring  on  doing  this  work,  as  if  their  figures  are 
'00  high,  our  people.  I  .on  .]Uite  confident,  will  not  want  to 
undertake  the   work  this  year,  or   until  conditions  as   respects 

wage  or  ma  etc.,    Improve  substantially. 

Owing   to  the  an,  .  ,  I.,  Intj    of  w  hat  we  will  do   in   this    I 
luring    the    current    Mai,    I      lo    not    think    it    best    to    give    out 
m>     figures    as    to    out     ,  lenditun  tin  >     might 

irove  very  misleading, 

\V.    II.    TUCKS  HA  1. 1. 

President,   D  Lackawanna  A   Western  R.  R. 

Lehigh    Valley   Carrying    Out    Large    Terminal    Job. 

The  onlj  important  con  tructlon  worl  the  Lehigh  Valley 
litis  in  mind  is  now  in  progress  in  connection  with  the  build- 
in)    ol   "     new   ci., lenient  Tei  minal  at  J<  1   ej   City,  X.  .1. 

Tin-  development,  the  first  unit  ..1  which  probablj  will  be 
ted  io  Sept.  1st.  1      n  ocean  ..ml  rail  terminal  lo 

direct!]    on    New    York    B  !  es    of    land    under 

water  already  have  been  filled  in  in  connection  with  this  work 
md  more  ths  u    ■■  :    ol   mat 

!i  tance  ol   two  miles   in   the 
« ater  channel  from  25<  no  fl    »  ide 

A    modern    wharf,   3,540    It     in    length,    has    been    conn 
In    its    construction    Bonn        S  l,t)00,000    ft.     H\l     ot 

timber,    11 a  iare,   22, cu.   yd.   of  cement   and 

25,000    : I    rip-ra]      •  me    « ere   used. 

The    largest    ships    afloal    can    be    berthed    at    ibis    wharl 

On  the  01 '"1  two  ore  unloaders,  one  of  15-ton  capacity 

and  the  other  ot  5-ton  capacity,  have  been  placed  for  the 
handling  of  iron  ore  direct  from  ships  to  cars  and  necessary 
yards  for  the  handling  ol  thi  equipment  are  under  construc- 
tion With  these  facilitii  10,000-ton  ship  can  easily  be  un- 
loaded in  24  hours,  m  thi  rate,  assuming  that  it  was  all 
bulk  material  ami  carriei  in  huge  ships,  this  eiiuipment 
could  handle  25  per  cent  of  till  the  foreign  tonnage  in  and 
out   of  the   Port  of   New     York. 

At  the  laud  end  oi  thi  doi  k  erection  will  soon  be  begun 
of  ti  traveling  gantry  crane  of  30-ton  capacity  capable  of 
handling  about  100  cars  of  heavy  rough  freight  each  day 
to  and  from  vessels  as  desired,  The  portion  of  the  dock 
served  by  the  crane  is  1,000  feet  long  carrying  track  with 
a  capacity  of  190  ci 

Between  the  open  dock  and  the  ore  dock  a  two-story  ware- 
house, nearly  1,000  ft.  long  and  100  ft.  wide,  capable  of  hold- 
ing about  500  cars  of  freight,  is  soon  to  be  constructed.  The 
face  of  the  dock  at  this  point  will  he  provided  with  a  20-ton 
traveling  crane  to  handle  freight  from  the  warehouse  to 
cars  to  the  vessels,  or  vice  versa. 

This  is  only  the  first  unit  of  the  terminal  we  have  in  mind. 
The  Lehigh  Valley  has  a  total  of  623  acres  available  at  this 
point,  and  the  general  plan  for  the  development  provides  for 
two  other  piers  which,  when  completed,  will  give  the  ter- 
minal a  bulkhead  spa.,  of  approximately  5%  miles  with 
berthing  space  for  32  Bhip     ol   the  size  of  the  Leviathan. 

E.   E    1  1  him  is. 
President,  Lehigh  Valley  H.  K. 


Tennessee     Central 


Amount      of 


Will      Make     Considerable 
Improvements. 
1  am  unable  at  this  time  to  give  you  accurately  just  what 
improvements  will  be  made  during   the  current  year  on  the 
1 1  1  ni     ee  Central   Ely.,  however,   we  contemplate  doing   the 

follow  mg: 

1.  Laj    !•"•  miles  80  lb.  rail  for  renewals. 

2.  Install    three    Coop,,     E-50    steel    bridges    at    a    cost    of 

(50,000. 
3     Purchase  of  new    locomottves  about  $300,000. 
1.    Purchase  ot  new  equipment  (coal  cars),  about  1400,1 

5.  Purchase  of  new  shop  machinery  tools,  abo 

6.  w  aid-  and  fuel     I  il    m  

7     Other  additions   and    betterments   under  consideration, 

1  in    Tenni  (  recently  been  1  eoi  ganlced  and 

the  new   owners  expect   to  make  considerable  Improvements 
within  the  next  twelve  01  eighteen  months,  but  final  program 
pel   been  worki  d  out  11     W.    stam.ky. 

President. 


(50) 
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Bangor  &  Aroostook  Work  Mainly  Maintenance  and  Renewals. 

Our  directors  have  just  approved  our  budge)   which  mainly 
calls  for  ordinary  maintenance  and  n  ept   that  we 

will  remodel  and  rebuild,  probably  with   re  !   concrete, 

our  enginehouse  at  Caribou,   Maine,  which   will   also   in  \  i>1  \  «• 
the   installation   of   a    larger   turntable. 

We  will  also  construct  a  new   enginehouse,  coaling    plant 
and  station  at  Squa   Pan.   Maine. 

Our  total  budget,  including  the  aboi  m      calls  for  an 

expenditure    of    $660,860 

PERCY    R.   TODD. 
President,   Bangor   &     \.too  took   R.  R. 


Frisco     Has    $7,766,000     Improvement    Budget. 

We  do  not  contemplate  the  purchase  of  anj  additional 
locomotives  but  we  are  figuring  on  purchasing  eighl  70-ft 
all  steel  coaches  and  six  70-ft.  all  steel  chair  cars,  which 
equipment  will  be  used  in  our  important  through  main  line 
trains. 

The  rail  program  provides  for  approximately  185  miles  of 
new  90  lb.  rail  and  100  miles  of  relay  rail.  The  new  rail 
is  on  hand  or  contracted  for  and  the  relay  rail  used  will  be 
secured  from  that  released  where  heavier  weight  rail  is 
laid.  Our  rail  joints,  tie  plates,  rail  anchors,  bolts  and  spikes 
are   also  contracted   for. 

On  shop  tools  and  machinery  we  figure  on  expending  ap- 
proximately $200,000,  most  of  which  is  in  the  nature  of  ma- 
chinery for  maintaining  equipment  and  consists  of  engine 
lathes,  traveling  cranes,  steam  hammers,  forging  tun 
and  miscellaneous  mill  shop  machinery.  The  largest  single 
Item  contemplated  is  the  erection  of  200  ton  electric  travel- 
ing crane  at  our  West  Shops,  Springfield.  Mo.  This  crane 
will  enable  us  to  handle  cur  Santa  Fe  type  locomotives  much 
more   economically   than  at  the   present. 

So  far  as  additional  shop  buildings  are  concerned,  we  have 
nothing  in  mind  for  the  present  year  except  a  few  minor 
extensions   to   round   houses. 

We  propose  to  do  considerable  grade  reduction  at  Crocker, 
Garnsey  and  St.  John,  Mo.,  where  grades  will  he  reduced  for 
a  distance  of  1.62,  1.50  and  3.57  miles  respectively  at  an  esti- 
mated cost  of  $675,000,  and  we  also  contemplate  the  con- 
struction of  4.75  miles  of  second  main  track  from  Windsor 
Springs  to  Valley  Park,  Mo.,  which  will  give  us  douhle  track 
from  St.  Louis  to  Valley  Park,  where  our  traffic  is  excep- 
tionally heavy  due  to  the  number  of  regular  freight  and 
passenger  trains  and  suburban  trains  which  operate  in  this 
territory.  Between  Spring  Hill  and  Paola,  Kansas,  a  ins- 
tance of  12.7  miles,  we  are  going  to  construct  second  main 
line  which  will  give  us  double  track  from  Kansas  Cit;  to 
Paola.  Our  traffic  in  this  territory  is  exceptionally 
due  to  the  M.  K.  &  T.  using  our  track  between  these  two 
points.  We  have  already  asked  for  bids  from  responsible 
contractors  on  the  two  pieces  of  double  track  and  the  three 
pieces   of   grade   revision. 

The  above  outlines  briefly  the  major  projects  provided  for 
in  our  1922  budget. 

J.    M.    KTJRN, 
President,    St.   Louis-San    Francisco   R.    R. 


Improvements    Depend    on    Earnings    and    Business    Outlook. 
Tin-  Minneapolis  <v  Bt  Lonl    R    fl    Co.  is  not  at  the  present 
time    contemplating    any    substantial    program    of    new   con- 
struction,  betterments   or  other   Improvement 

What  we  may  do  later  will  depend  entirely  upon  oui 
IngS   and   the  outlook  for  business. 

W   II    BREMMER 
President 


Will   Only   Undertake   Absolutely   Necessary    Projects. 

Owing  to  financial  ami  traffic  condition  the  Richmond, 
Fredericksburg  &  Potomac  R.  R.  Co.  has  been  compelled  to 
restrict  its  expenditures  tor  addition!  and  betterments  to 
such  projects  as  are  absolutely  necessary,  and  thei 
the  work  contemplated  for  the  year  1922  is  rather  limited 
in  its  scope.  Briefly  stated,  the  projects  which  have  been 
authorized  are  as  follows: 

Construction    ol    additional   trach      and  a  hump   for 

pel  isbable  trains  :u   Potomac  Ifard,  c    tlmatec 
NVw   stock  pens,  Potomac    J  ai  d .  •    ■ 

New  switch  tower  and  yard  office     i-     imac    Yard        lD.HOO 

Nc»    turntable    and    tracks    appertaining    theretc 

STard     cic;  603 

Necessarj   shop  tools,   Richmond   

EPPA    HUNTON,  JR  . 
Pre  Idenl 


Atlantic  Coast  Line  Will  Lay  New  85  Lb.  Rail. 
We  expect  to  lay  25,000  tons  of  new  sr,  lb.  rail— releasing 
rail  of  lighter  weight,  and  to  fill  a  few  miles  of  our  wooden 
trestle  work  with  earth  embankment  during  the  current  year. 
We  are  now  contemplating  no  other  work  in  the  way  of  addi- 
tions  and   betterments. 

J.   R.    KENLEY, 
President.   Atlantic   Coast   Line   R.   R. 


A    $30,000,000    Budget   for    the    Burlington. 

This    company    is    closing    contracts    for    the    purchase   on 

account   of   this   year's   budget   of   approximately    $15,000, 

of  new  freight  and  passenger  equipment  and  locomotives.  In 
addition,  a  further  expenditure  of  approximately  ?  15. 000,000 
on  account  of  capital  outlay  is  contemplated  for  various  im- 
provements  to   roadway   and   structures. 

The  principal  items  are  the  completion  of  a  new  freight 
house  in  Chicago;  completion  of  track  elevation  and  new 
passenger  and  freight  stations  in  the  city  of  Aurora.  111.; 
the  first  unit  of  a  new  locomotive  repair  shop  in  Denver, 
Colo.;  a  normal  program  of  additional  double  track;  extension 
of  automatic  signal  territory;  enlargement  of  yards  and 
terminal  facilities;  new  power  house;  continuation  of  per- 
manent  bridge   program,   etc. 

We  feel  that  there  is  a  noticeable  improvement  in  business 
and  that  while  a  return  of  a  normal  volume  of  traffic  will 
come  gradually,  it  is  in  sight  and  we  are  making  these  ex- 
penditures in  an  effort  to  be  ready  for  the  business  when  it 
arrives. 

H.  A.   HOLDEX, 
President,  Chicago,   Burlington   &   Quincy   R.   R. 

(51 


C,  I.  &  W.  Has  Much   Betterment  Work  and  New  Construction. 

This  company  has  before  it  a  great  deal  of  deferred  main- 
tenance, both  in  the  roadway  and  in  the  equipment  depart- 
ments; also  considerable  betterment  work  and  new  construc- 
tion which  will  bring  our  expenditures  for  extraordinary 
maintenance  and  "R.  &  E."  within  the  next  two  years  up  to 
about  $2,000,000,  providing,  of  course,  that  ways  and  means 
1m    found  for  the  necessary   financing. 

The  approximate  estimate  of  expenditures  above  men- 
tioned  is   divided   substantially   as   follows: 

Road: 

capital  expenditures  $511 

Maim,  nance    1 . 

Equipment : 

'  lapltal    ex urc       Ten 

Maintenance    7 

— 

This  company  expects  to  realize  some  $530,000  in  the  near 
future  in  settlement  of  its  claim  against  the  Government  It 
will  be  observed,  however,  that  this  amount  will  be  absorbed 
very  rapidly  and  still  leave  a  substantial  amount  oi  unflni 
work  that  should  not  be  delayed  indefinitely  Nevertheless 
the  final  settlement  anticipated  will  be  of  material  assistance 
in  getting  behind  us  some  of  the  most  urgentl]  necessary 
work;  in  fact,  the  general  impetus  to  trade  that  will  arise 
from  final  settlement  with  all  of  the  roads,  will  probably 
make  possible  the  financing  of  unfinished  work  that  other- 
wise should  not  be  undertaken. 

B.  A.  WORTHINGTON, 
President,  Cincinnati,  Indianapolis  &  Western  R.   R. 


Nickel  Plate  R.  R.  Working  on  Grade  Elimination  at  Cleve- 
land. 
Our  road  is  continuing  an  extensive  grade  elimination  job 
on  the  West  Side,  Cleveland;  has  recently  ordered  300  steel 
frame  stock  cars  and  has  authorized  a  budget  of  miscel- 
laneous  items   totaling   over*  $800,000. 

C.    E.    DENNEY, 
Vice   President  and   General   Manager,   New 
York,    Chicago    &    St.    Louis    R.    R. 


Gulf,    Mobile    &    Northern    Will    Spend    About    $1,000,000. 

I  am  herewith  submitting  a  program  of  our  proposed  im- 
provements for  the  year  1922,  and  the  expenditures  for  this 
work : 

Re  build  irdi  1   ears  

1  ing    

: 1 

20  miles   85  it.    rail   120.000 

) 
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1     i;    TIGRETT, 
Gulf,   Mobile  &   Northern   R    R 

Pennsylvania    Has    Not    Yet    Adopted    Construction    Budget. 
In  connection   with  your  request   as  to   what    the  Pennsyl- 
vania -  ts  to  do  ii  o  istruction  tor  the 
d  ad\  is.'  thai  ustruction  budget 
n  adopted 

n.  w    work   were 

minimum,  no  formal   budget 

d,  ;inil  m  view  of  the  outlook  for  the  year  L922, 

our  directors  have  not  felt  that  we  osition  to  laj 

out  an  Improvement  budget,  but  rather  that  such  construction 

work  as  it  is  felt  must  be  would  be  taken  up  from 

lion. 

W.    D      \  I'  ii  RBI   K> 
Vice  President,  Pennsyli  ania  R    R 

$46,000,000    Improvement    Program    for   Santa    Fe. 

nt    plan  contemplati  tot    new 

equipn  of  railroad;    $1 1,750, 

Improvements  now  under  way  upon  our  propi 
UOO  for  additional   improvements. 

W.    11.   STOREY, 
President,  Atchison,  Topeka  .y   Santa   Fe  Ry.  System 

Improvement   Expenditures   Depend  on   Development  of   Next 
Few    Months. 
It  is  very  difficult  at   this  time  to  forecast   wb 

tor  improvements  the  railroads  will  be  able  to  make. 

It  will  depend  entirely   on  the  developmeo  ■'   few 

months    in    the    waj    ol    net    earnings    made    by    the    roads. 

There  practically  has  been  nothing  done  in  the  way  of  im- 

■        ir  1  fears  and  our  greatest  appre- 

d  at  the  present  time  is  that  when  business  does  return 

tilroads   will   find   it    extremelj    difficult    to   handle  the 

traffic  with  the   facilities   availabli  .     I   think   everj    railroad 

in  the  country  has  a  program  of  Improvement  that  should  be 

commenced  but  until  our  net  revenues  are  such  as  to  justify 

people  to  loan  us  money  at  reasonable  rates  of  Interest  with 

which   to  do   the   work   there   will   not   be   very    much   of   it 

undertaken. 

This    at    least    i>    the    situation    so    far   as   our   company    is 
concerned    and    I    think    most    of    the    other    large    railroads 
in  very  much  the  same  position. 

II.  E.   BYRAM, 
President,    Chicago,    Milwaukee    &    St.    Paul    Ry. 

Central    of    Georgia    Will    Complete    8    Mile    Spur. 

There  are  a  great   many  things  that  we  would   like  to  do 

ami   thai   we   properly   should   do,   but   our   budget   has   been 

held  in  suspense  until  business  show     some  improvement. 

I  ma;  that  we  intend  to  complete  a  spur  into 

I   tiding   from   McCombs,  Alabama. 

about  eight  miles.     About   To  per  cent   of 

this  work  has    been   completed.     We  has.-   been  ordered   by 

the  Public  Utilities  Commission  ol    Uabama   I ict   a  pas 

pproximati  Ij   (50, at  I  Ipelika,  Ala. 

We  h..\.-  ordered  500  ventilator  box  cars,  to  be  delivered  in 
rly  spring.  W.    A     WINBURN, 

President,  Central  of  Georgia   Ry. 

Louisiana    Railway    &.    Navigation    Co.    Planning    to    Start    on 
$5,000,000   Program. 

a  whole  are  confronted  with  the  question 
dditlons 
and    in  •  i   be  able   to   tak. 

ni    of  traffic,   which    will 
orld  conditii  i      ind  not 

■    ■  in  to  redm  osl  ol  opt  >  a 

the  i      I  Ively  high  co  I   ol 
:    labor   and   also   the   expenditure   of   hundreds 
to  catch  up  « ith  ' 
■  •  ■  ed   mainti  n  t  bis   little   n 

hi  on  a  program, 

whic  i,  penditure  ol   (5  01 ir   •'■ 

i    the  money, 


and    v  ii  pdlng,    at    Last    imping,    to    receive    9ome 

"  duo  a-  from  the  Government  to  make  a 
start   on   this   work. 

w    c    MORSE, 
Vice-President,    Louisiana    Railway    &    Ni 

Northwestern    Ry.    Waiting    for    More     Favorable    Times. 

our  situation  is  so  uncertain  that  to  make  an]  statement 
of  the  amount  of  any  construction  or  Improvements  we  plan 
to  rair;.  out  would  be  p  P  ■  lave  many  mil- 
lions of  dollars'   worth  ol    lm| ml    work   which   we   have 

been  putting  ofl  a  long  tlnu   to    el  ahead  with,  but  until 
are  more  favorable  we  an 
ourselves  to  the  things   which  have   I 
road  tiom  deteriorating.  •   W    ii  \.\'li. 

dent 

Chicago    &    Northwest, -in    Ry. 

Spokane    International    May    Repair   Tunnels. 
The  way  the  business  outlook  is  a  time,  'his 

company  will  probabl]  not  do  any  ni  k  this 

it    we  will   I,,,  obliged  to  make 
heavy    repairs  to  one   or   two   of  our   tunnel.,    bul    that 
is  all.  E    S.   McPHERSON, 

Sim!.. ni.    international  Ry. 

D.  &  H.  Has  Contracted  for  Rails  of  About  50  Per  Cent  Above 

Its    Normal    Requirements. 

The  decision  in  the  .New    En  case;   the  decision 

in  the  Grain  and  Hay  case;   the  present   bearing  In  ex  parte 

74  involving  all  other  rat  ettled  questions  pending 

the    United    States    Railroad    Labor    Board    regarding 

and  the  possibility  coal  strike  on  April  1.  make  US 

unwilling  to  commit  i  to  an;   program  tor  expenditure 

of  money  until  a  cleat  "•'  bad  of  the  future. 

The  ton  mile  movemenl  in  1921  was  23.3  per  cent  less  than 

in    1920    and    was    thi  Ine    ever    exp 

American  railroad-      [I  likely  thai  some  recovers  may 

.I  in  1922,  but  as  yel  thi  n    is  nothing  that  will  permit  a 
. 
This    company    has    contracted    for    steel    rail    a 
per   cent    above    Its    normal    requirements    to    overcome    thi 
neglect  of  the  Directoi  ol    Railroads  in   maintaining 

the  property  during  Federal  control,  and  we  will  devote  most 
of  our  activities  in  1922  to  similar  work  of  recovery. 

I.   !•'    LOREE, 
it. -law  are  &  Hudson  I  'o  President. 


Changes  in  Retail  Cost  of  Food   in  15   Repre- 
sentative Cities 

The    r    s.   Department    ol    Labor,   through   the    Bureau  ol 

Laboi    Statl  I  i  mpleted    tb ipilation 

changes  in  the  i   I  "•  i  epresi  utative  cities 

of  the  United  Stal 

During   the   month    from    Jan.    15,    L922,   to  5,    1922, 

decrease  in    -e\,-n  ol  the  fifteen  cities,  as  follows: 
In  Kansas  city.  I  per  cent;   111  Little  Rock,  Pittsburgh,  Provl 
dence  and  Charleston.   1    pel    cent;    in   Louisville  ami  Jackson- 
ville,   less    than    live-tenths    ol    1    per   cent.      In    seven 
there   are   ihe   following  in   Minneapolis   and    St. 

Paul  there  was  an  I  per  cent      iii  Baltimore,  In- 

dianapolis,  Milwaukee  and   St     Louis    thet  n  in 

ol  i   per  cent,    in  Detroit    there  was  an  increase  ol  less  than 
aths  of  l  per  ceni      in  Fall  RIt  nained 

ni    dui  m-  the  month. 

For  the  year  period,  F<  b    I  •    1921,  to  Feb    15,  1922,  there 
was  a  decrea  cent  In  Charleston  and  Kansas  City; 

12  per  cent  In  Pittsburgh;  n  pei  cent  in  Little  Rock.  Provi- 
dence, Jacksonville  and  SI  Louis;  10  per  cent  in  Baltimore 
and  Indianapolis;  9  pei  cenl  In  Louisville,  Milwaukee,  Minne 

apolis  and   St.   Paul;   g   per  cent    in   Detroit;    and   7   per  cent    in 

Kail  River. 

d  with  the  avi  ragi    i  osl   in  He-  j  • 

retail   ...  i    oi    I   on    Feb     15,    1922,   showed    an    Increi 

17  per  cent  in  Baltimon   and  Fall  Rivi  ent  In  Provi- 

denci  ;     I".    p.  I     Dent  I       per    '.'lit    in     Milwaukee. 

..■nt   in   Minneapolis  ami   st.   Louis;   :;s  pei    cent    in 
Pittsburgh  and  Jacksonville;  ::7  per  cenl  in  Ind 

nl    in    Kansas  Cil  I  :    In    Little   Roi  K.    and  31 

p.i  cut  in  Louisville.  Prices  were  not  obtained  from  St 
Paul  in  1913,  ben.. ■  in.  compai  Ison  tor  thi 

be  given   tor  this   Cltj 
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Diagram  for  Calculating  Annual  Cost 
of  Cross  Ties 

Bj    E    K    C  VR"5 

On   page    1 19   of   Enginei  i  ing    md    i  ,    .  . 
L922,  are  two  diagrams  tor  "Annual 

which  the  writer  thinks  could  be  m  i  ed  if  pui   In 
the  form  of  an  alignment   diagram  01  raph      The   fol- 
lowing describes  the  method  ol   mal  nomograph: 
neral  equation  tor  a  nomograph. is 

b  \       cj       i»    ii< 

values  of  u.  v  and  y   being   properij    plotted   on   th 

parallel  lines  or  axes,  a  straight  line  will  intersect  the  three 


Fig.    1. 

axes      i    values    which    will    satisfy    the    equation   whii 
presse    I   eir  relations. 

Equation  ll)  is  true  for  all  values  of  u,  \   and  y,  and  is  true 
—  \ .  --  y.     Then 

a  u,   -  b  v.  — c  y.  =o    or    a  +  h  =  c (2) 

x  v..  —  u  ■ 

From    Fig.    1,    —  = 

w  v ,  —  u_. 

x  \.  —  sn,  =  w  y,  —  w  u  s 

(w  —  x )  u,  +  x  v,  —  wy.=  o   

Equation  (3)  is  of  the  same  form  as  equation  (1). 
i  [em  e  x  =  b  and  w       c. 

x        b 
Then     —  =  — ,  but  by  equation  (2),  c  =  a  +  b. 


i:;, 


Then     —  =  - 


.Hi 


w       a       b  a  +  b 

Bj    equation   (2),  the  relations  of  the  scales  by   which   the 
values  are  plotted  on  the  u,  v  and  y  axes  may  be  found  and 
by   equation    (4),   the   location   of   the   y   axis   with   respei 
the  u  and   v  axis  may  be   found. 

The  equation  for  the  annual  cost  of  a  tie  is 
Kl"H 

A  =  C ,  where  A  =  annual  cost  per  tie. 

lil'R 
C  =  first  cost   of  tie  in   place, 
R  =  rate   of   interest,   and 
N=  life  of  the  tic  in  j  ear 
Writing  this  equation  in  the  log  form 

d  +  R)"R 
log  A  =  log  C  +  log 


Let  Z  = 


(I+Rl'R 


(I  +  RV-  I 


tl  +  R)"  —  I 
Then  log  A  =  log  C  +  log  Z,  or 

log  C  -  log  Z  — log  A  =  0 (5) 

As  equation  (5)  is  in  the  same  form  as  equation  (1),  a 
nomograph  may  be  made  from  it. 

-    FOR   THE    NOMOGRAPH. 
Symbols         Units,        Limits.  j  ales      Axes 

''  -li  n       5ii  :,ii  t.i  As     si  10  U 

Z 5  to  100  for  X.  l'i  v 

A    1  00     50  26  to  $1.00  Nomograph  ?  y 

The  scales  are  the  factors  by  which  the  quantities  are  mul- 
tiplied to  obtain  the  distances,  in  inches,  which  are  laid  off 
on   the  axes. 

The  original  nomograph  of  which  the  one  shown  is  a 
reduced  one.  was  made  by  the  use  of  the  scales  given  and 
a  distance  between  the  axes  on  which  the  values  of  C  and  Z 
are  plotted,  of  6.6  in. 


Lei   S      Bcale  foi    lo 

Then  S  log  A      y  or  log  A  = 

u 
C      ii  or  log  C  = 
\ 

10 

in   log  Z  =  v  or  log  Z  =  — 

in 

Substituting    these    valu.-.     iii 


10  HI     s 

1  1 

and  '  .  and 

in 
l         l        l 

1 =  -   or   s-=5 

10       10         s 
1    li 

w  =  i ..  u 


Then    A  =— ,    b: 
in 


By  equal  Ion  (4), 


Aso- 
4.00— 
3S0- 


1   I"     1  III 


C  fiiSC 


:;::  In,  w  hei  e 


C-  Co5t  of  tie  en  ~\ci. 

R.  rate   of  iil-er.tt. 

N  -  l.fe    of  tit  i"  yMft,  a 

A.  tniaat  Cost  of  tit 


Dingro 


w  is  the  distance  from  the  C  to  the  /  axis 
tance  from  the  C  to  the  A  axis. 
The  nomograph   is  made   by   plotting   the 


and    X    i 
parallel    axes   at 


N 


M      R)N 

1  2577 
1.1673 

019  | 

2  7982 

2.1775 
3.9179 


0.1271 
0.1483 

9 

ii.  0.2119 

0.2543 

If 

5 

I" 

],„,  2.1189 


.  Sum. 

■ 
1 

i   i 


1.1565 

2.1021 

3.5371 
1.2490 


1.2067 
1  1674 


(53) 
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ad  plotting  on  them  1 1 1 « -  values  ol  C,  /.  and 
a  by  thi  given  and  found 

On  the  Z  axis  the  values  given  In  Table  i  wen  plotted 
and  the  points  found  were  numbered  with  the  corresponding 
value  i 

To  show  the  use  ol  the  diagram  the  following  problems 
.en-  solved: 

l.  Find  the  annua]  cost  .,r  a  tie  thai  costs  $1.50  in  the 
track  and  whose  life  is  estimated  to  be  12  years,  with  monej 
.it  :.  per  c(  nt 

.loin  l  /.  on  the  r i k h t  a*is  and  under  "For  i{  =  •">  per  cent," 

With  1  BO  on  tlu-  Kit  ;i v is  anil  where  tli"  resulting  lino  crosses 
the  'annual   .  OS)    i  ■  the   result. 

Find  the  annual  cost  of  a  tie  that  costs  12.00  In  the 
track  ami  whose  life  Is  estimated  to  be  20  years,  with  mone) 
at  6  per  cent 

Join   20  on   t lie  right   BXiB  ami   under  "For   It        6   per   Cenl 

With  2. in   the   left    axis   and   where   the   resulting   tine 

Crosses  the  "annual  cost   per  tie"  axis,   read   $ i > .  1  7 ■". .   tin-   result. 

This  diagram  may  be  used  for  sinking  fund  problems.  The 
annual  amounts  to  he  placed  in  a  sinking  fund  whose  value 
increases  bj  compound  interest,  is  found  by  subtracting  from 
the  amount  obtained  by  the  diagram  the  interest  on  the  cost 
of  the  tie  in  place. 

This  use  is  shown  by  the  following  problems: 

3.  Find  the  annual  amount  to  be  placed  in  a  sinking   fund 

inded  at  .",  per  cent  interest  for  a  tie  costing  $1.50  in 
the  track  and  estimated  to  last  12  years. 

From  $0.17.  obtained  in  problem  1.  subtract  $0.07.",.  the 
interest  on  $1.50  for  one  year  at  5  per  cent,  leaving   $0,096, 

tile    result. 

4.  Find  the  annual  amount  to  be  placed  in  a  sinking  fund 
(  ompounded  at  6  per  cent  interest  for  a  tie  costing  $2. no  in 
the  track  and  estimated  to  last  20  years. 

From    $n.l75,    obtained    in    problem    2,    subtract    $0.12,    the 
on   $2.00  lor  one  year  at  6  per  cent,  leaving  $0,055, 
the  result. 


February  Construction    73'  ,     Ahead  of  Last  Year 

February  construction  activity  was  7::  per  cent  greater  in 
volume  than  it  was  in  the  corresponding  month  of  last  year, 
according  to  the  F.  \V.  Dodge  Co.  The  total  amount  of  con- 
tracts awarded  last  month  in  the  27  northeastern  states  of 
the  country  amounted  t"  (177,365,000,  an  increase  ol  7  per 
ei  January,  and  the  second  largest  February  total 
on   the  Dodge  Company's   record. 

\  significant  feature  uf  the  February  ((instruction  record 
is  the  Increase  in  business  buildings  over  January.  The  in 
in  square  feet  of  space  contracted  for  was  :i0  per 
ml  the  increase  in  total  cost  was  65  per  cent.  Feb- 
ruary business  buildings  amounted  to  $39,180,000,  or  22  per 
cent  of  the  month's  total,  an  unusually  high  percentage  tor 
this  class,  which  was  exceeded  only  by  residential  building. 
amounting  t  cent  of  the  total.     Public 

works  and  utilities  took  third  place,  amounting  to  $21. lit '..one. 
or  12  pel    •  •  nt   of  the  total. 

The    accumulated    volume    of    ((instruction    since    the    first 

of  'he   year   has  been   60  per  cent  greater  than  in   the   first 

.1    last  year.     Contemplated  new  work  reported 

in   the   first    two   months    has   amounted   to   over   $Snii.<)00,000, 

•ban  double  the  amount  of  work  placed  under  contract 


Public  Against  Government   Ownership   of   Railroads.      In    B 

•    the  recent   symposium   on    Railroad   Transpor- 

beld    by    tl  Civil  Engineers, 

ce-pn    Ident  and  general  mans 
■amons  Hardware  Co.,  St    Lou!  .     tated  that   they  had 

ill   IP. in   about    600  Balesmen,  whose  reports 

in  th>  •  ii   matters   have  been   proven   practically 

ate.     The  reports  show  that  the  onh 
menl  favorlni  nl     wnei  Up  is  among  railroad  em- 

and  organized  labor,  and  among  those  who  believe   in 
Social  reports    Indicate    that 

f.-irm-r-   are   almost   willo 

OWerlng    rat.-      on    farm    products       III    almost    all 
there    r.-in.  |]  Hon    0 

Uon    and    almost    unlversaUj    the      entlmei 

r    again!" 


The    Motor    Truck    As    An    Asset   to 
Railroad   Operation 

Conditions  Under  Which  Motor  Truck  Operations 

Can   be  Substituted   for   Railroad   Operation 

Outlined  in  Am.  Soc.  C.  E.  Symposium 

ity    h    S    PARSONS, 

General    Munogei     Erie   It.   It. 

The  motor  truck  has  demonstrated  its  ability,  as  a  me- 
chanical device,  to  move  freight  promptly  and  efficiently, 
Consequently,  railroad  managements  must  accept  the  in- 
evitable and  meet   the  tor  truck  a     an  ally  rather  than  as 

an  enemy,  inasmuch  aj  a  benign  public  has  seen  fit  to  pro- 
vide the  right  of  way,  roadbed  and  track  tor  this  mean-  .it 
transportation,  it  is  the  dutj  Ol  the  (ai  eeing  railroad  man- 
ager to  welcome  it  as  an  aid  and  not  condemn  it  as  a 
competitor 

Some  of  the  conditions  under  which  motortruck  operation 
can  be  substituted  for  present  day  railroad  operation  are: 

1.     Short   branch-line   operation. 

2       Trail  car  service. 

8.     Suburban  distribution 

4  Utilization  of  outlying  yards  In  lieu  ol  yards  In  con 
gested  districts. 

5.    Terminal  distribution. 

Short  Branch. Line  Operation.  Branch  lines  of  light  traffic 
are  unprofitable.  Motor  trucks,  on  improved  roads,  can  be 
substituted    for    both    passimc-'     and    Height    service    and    the 

railroad  lines  can  be  aband d.     If  improved  roads  do  not 

exist,  the  right  of  way  and  roadbed  of  the  branch  line  can 
be  turned  over  to  the  proper  authorities  for  the  construction 
of  a  highway.  An  instance  of  the  use  of  this  arrangement 
may  be  found  in  the  utilization  of  a  part  of  the  abandoned 
Delaware,  Lackawanna  A;  Western  R.  R.  roadbed  by  the 
Pennsylvania  Highway  Commission  for  the  state  road  be- 
tween Binghamton,  N.  Y  ,  and  Scranton,  Pa. 

Trap  Car  Service. — In  industrial  centers,  many  industries 
produce  freight  for  diversified  points.  This  freight  must  be 
assembled  at  some  central  station  and  consolidated  for  vari- 
ous destinations.  The  movement  of  the  cars  of  freight  for 
miscellaneous  points,  between  the  industry  and  transfer  plat- 
form, is  known  as  trap  car  service.  It  is  usually  performed 
through  congested  yards,  and  in  order  to  render  proper 
servi<c  must  be  performed  on  specified  schedule.  This 
renders  the  service  expensive  and  the  cars  used  in 
this  manner  take  up  unnecessary  room  in  the  yards 
to  the  detriment  of  through  service.  This  trap  car 
service  can  be  performed  by  motor  trucks  much  more 
cheaply  than  by  the  use  o  The  result  is  an  expedited 

movement  with  real  economy,  a  saving  of  equipment,  and 
relief  of  congested  yards  to  the  advantage  of  carload  out- 
bound   freight    and   inbound    raw    materials. 

Suburban  Distribution.  Every  large  city  becomes  sur- 
rounded by  a  suburban  ana  of  more  or  less  intensive  devel- 
opment. The  use  of  the  expensive  terminals  of  the  railroads 
for  local  distribution  throughout  these  areas  results  in  an 
economic  loss  and  requires  the  development  ol  much  larger 
terminals    than    would    otherwise    be   necessary    if    such    local 

distribution  were  eliminated  Freight  for  local  distribution 
cannot  be  refused,  however,  as  such  action  would  affect  the 
olicitation  of  profitable  long-haul  business.  Terminal  costs 
more  than  absorb  the  entire  freight  rate  on  local  distribu- 
tion of  this  character  Motor-truck  distribution  through 
suburban  areas,  within  a  radius  of  from  30  to  60  miles 
(depending  on  the  condition  of  the  roads),  is  more  satisfac- 
tory and  economical  than  similar  distribution  through  the 
medium  of  city  freighthou -■■  and  way  freights.  This  method 
Of  distribution  In  the  New  York  suburban  area  should  be 
i  ultlvated  by  all  rail] i 

Utilization  of  Outlying  Yards  in  Lieu  of  Yards  In  Congested 
Districts.  In  rare  instances,  railroad  managements  have 
been  far  sighted  enough  to  anticipate  the  growth  of  cities 
and  to  prepare  adequate  yard  room  to  accommodate  the 
e  in  business.  Where  this  has  not  been  done,  it  results 
in  later  years  In  the  necessity  of  purchasing  areas  at  great 
additional  costs  and  under  disadvantageous  circumstances. 
The  growth  of  a  city  compels  much  additional  expense  on 
account   Ol   the  elimination   of   grade  crossings  and   diversion 
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of  highways;  also  municipal  ordinances  ;iu.. : n-i  smoke,  noise, 
and  the  blocking  ol  crossings,  Brake  the  opi      tion  ol  internal 

yards  extremely  expensive.     The  eliminatl i  such  yards; 

the  selling  of   the   valuable   propertj    rel  thereby;    the 

use  of  funds  so  acquired  in  the  construction  of  more  properl) 
designed  yards  outside  the  city  limits:  together  with  the 
institution  of  motor-truck   service  to   inl  tations,   would 

Undoubtedly    prove  economical   in  man)    ins 

Authorities   agree   that   the   proper   measui  ,.t    oper 

atlng  motor  trucks  is  the  cosl  per  day  rather  than  the  cos) 
per  mile      As  the  daily  mileage  in<  per  mile 

will   decrease      There   are   so   man)    itei  his  i  xpense 

that  aie  nol  absolutely  dependent  on  •  ge  made,  that 

an  additional  mile— or  even  two — between  outlying  yards  and 
city  freight  houses  will  not  increa-.  the  cosl  >■<■  trucking 
■-' t\  ice  proportionately. 

Terminal  Distribution.  The  growing  opposition  to  grade 
crossings  ami  the  expense  of  eliminating  them;  the  increase 
in  municipal  and  state  taxes;  and  the  enormous  cosl  of  real 
estate,  render  the  building  of  industrial  tracks  in  the  heart 
of  great  business  centers  impossible.      Hei  motor  truck 

mes    a     necessary    aid    in    combating     undue     terminal 
charges. 

In  St.  Louis.  Mo.,  with  its  population  ol  nearlj    - 00  peo 

pie.  practically  all  the  railroads  terminate  their  freight  activ- 
ities at  East  St.  Louis,  and  all  carload  and  less  than  carload 
freight,  where  there  is  no  direct  connection  vith  an  indi- 
vidual industry,  is  contracted  by  a  trucking  corporation,  which 
provides  inland  stations  and  delivers  carload  freight  and 
truck  freight  from  Bast  St.  Louis  across  the  bridge  to  St. 
Louis. 

The  tractor  and  trailer  system  which  is  used  at  this  point, 
rs  carload  and  less  than  carload  freight  between  the 
railroad  and  the  consignee  on  inbound  and  outbound  freight 
This  system  takes  up  the  lost  motion  on  the  motor  unit. 
three  trailers  being  provided  for  each  tractor  The  haul  at 
this  point  averages  about  2  miles,  and  the  tractor  witli  its 
three  trailers  can  handle  about  45  tons  of  freight  per  day.  at 
a  cost  of  about  70  cents  per  ton. 

As    a    demonstration    of    the    economy    of    this    methi 
might  be  cited  that  only  a  short  time  ago  the  Pennsylvania 
R.  R..  with  an  all-rail  line  connection  in   St.   Louis,  di 
its  freight  to  this  tractor-trailer  method  of  distribution. 

In  Cincinnati.  O.,  the  demountable  body,  or  container,  is 
used,  the  operation  being  confined  to  the  transferring  of  less 
than  carload  freight  from  one  railroad  to  another  The  de- 
mountable body  has  the  same  advantage  as  the  tractor-trailer 
in  allowing  the  motor  to  continue  in  operation  while  the 
loading  and  unloading  takes  place.  Hoists,  at  loading  and 
unloading  points,  quickly  remove  the  container  from  the  truck 
chassis.  The  average  haul  is  about  1%  miles  and  the  cost 
is  about  51   cents  per  ton. 

The  New  York  City  Plan  of  the  Erie  R.  R.  In  New  York 
City,  a  radical  departure  is  being  made  at  the  present  time 
in  terminal  distribution  of  inbound  freight  and  the  collecting 
of  outbound  freight.  Under  a  contract  with  the  United  States 
Trucking  Corporation,  the  Erie  R.  R.  delivers  its  ears  to  the 
trucking  company  in  its  yards  on  the  New  .Jersey  shore.  The 
freight  is  loaded  on  trucks  and  ferried  to  New  York  City, 
utilizing  the  ferries,  in  so  far  as  possible,  at  times  other  than 
during  peak  loading.  A  common  rate  is  paid  on  all  freight 
trucked  to  an  imaginary  point  in  West  St.  From  this 
imaginary  point,  freight  is  distributed:  First,  to  piers  for 
steamship  loading;  second,  to  inland  treighl  stations;  and 
third,  for  store  door  delivery.  Different  additional  rates  are 
allowed  for  these  three  methods  of  distribution.  In  the 
case  of  steamship  delivery,  freight  is  unloaded  on  docks  the 
same  as  any  city  freight  that  may  be  so  handled. 

In  the  second  instance,  inland  freighthouses  have  been 
developed  by  utilizing  ground  floors  of  warehouses,  owned 
by  the  Independent  Warehouse  Company,  at  Reach.  Green- 
wich. Leroy  and  Montgomery  Sts.  Through  an  arrangement 
with  the  warehouse  company,  freight  may  be  floored  for  im- 
mediate delivery  to  the  consignee  or  may  be  elevated  into 
warehouses  at  the  consignee's  request  for  subsequent  deliv- 
ry.  These  inland  stations  are  in  every  respect  railroad 
stations. 


company  .cud  consign,,-  and  I  verj      True  econ- 

omy, however,  cannot  I"    reached  in  this  work  until  specially 
constructed  trucks  of  eithi  i 

h.c\  e     been     placed     in     til.'     -■    ■ 

With   the.   completion   Ol    tl"     vehicular   tunnel   and   the  elim- 
ination  of  the   ferrj    service  tanl    delays,   tins 
method  of  delivering  treighl  to  [>        York  City  will  meet  with 
Increasing  favor     it  is  a  -. .                  ..,i  tacl  that  H 
much  to  move  .i   c.ciio.cci  oi   ;i            from  the  railroad 

in  New  Jersej  and  deliver  it  In  New  York,  as  it  ,| t,,  move 

the   sane,   car   of   freight    from    the   same   yards    to    Buffalo, 
N.  Y..  or  Pittsburgh,  Pa.    An)   method,  therefore,  whit 
duces  this  large  expense   (whii 

tenance,   operation    and    repair    of    lighters,    mi:       .ciel    ,! 
will  be  welcomed. 

There   has   been   a   noticeable    shortage   ol   steamship   per 
on    the    North    River    tor   some    years,    due-    to    thi 

that    30   per  <cni   of  all   the    i'  ing    used   b>    New 

Jersey  railroads  for  the  purpo  •    ol   delivering  freight  lo  Now 
York  City.     Through  the  trucking  method  o  large 

proportion  of  these  piers  win  lie  released  unci  can  aga 

used    f„r   steamship    purposes.      It    is   a    pit)    Hint    tl 

tion    bad    not    been    worked 

on    Staten    Island    were    built.    .,      the    burdens    which    will    he- 

imposed    on    the   railroads    for    a    long    time    to   come    through 

lightering  to  thi-  distant  point,  will  be  a  marked   reflection 

against   the  economical  operation  of  the  port. 

The     $200,000,000     Port     Development     Project.      The     New 

Yotk  New  Jersey  Porl  and  Harbot    Development  Commission 

contemplates  the  construction   of   Mist  assembling  vine 
lie    \ew   Jersey  meadows,  where  cars  from  all  railroads  will 
bo  assembled;   extensive  transfer  stutions.   where   freight    will 
In-   taken   from   cars   and   loaded   in   containers   for   tran 
tunnels;   an  extensive  tunnel   system,   when 
matically  and  electrically  operated   will  :i. hi  pent  thi,,  freight 
to  points  underground  in  New    York  City  tor  further  handling 
and  distribution;  and  warehou  a  New 

York  City  to  facilitate  this  distribution. 

In  this  construction  more  than  $200,000,000  must  h.  -p.-ni 
and  when  il  is  in  operation,  any  freight  so  handled,  after  it 
has  reached  the  city,  must  ultimately  depend  on  the  motoi 
truck  lo  reach  its  destination,  the-  only  exception  being 
wb.re  the  receiver  of  freight  is  fortunate  enough  to  be 
located  adjacent  to  one  of  the'   terminal  stations. 

With  the  vehicular  tunnel  from  Canal  St..  New  York  Cltj 
to  Jersey  City  in  operation,  freight  may  be  loaded  directly 
from  cars  in  New  Jersey  to  motor  trucks  and  without  further 
i"  bundling  be  distributed  directly  where  required  by  the 
receiver. 

Except  for  the  North  River,  the  port  development  plan 
would  not  meet  with  a  moment's  consideration.  Let  us, 
therefore,  undertake  to  eliminate  the  North  River  by  the  con- 
struction of  a  series  of  tunnels,  at  .e  cosl  much  less  than 
the  port  plan. 

First.  Build  a  tunnel  from  Lower  New  York  to  a  point 
adjacent  to  the  existing  freight  yards  of  the  Jersey  Central. 
Lehigh  Valley,  and  Pennsylvania  Railroads. 

Second.  The  new  vehicular  tunnel,  now  under  construe 
tion,  between  Canal  St.  and  a  point  adjacent  to  the  yards  of 
the  Erie  and  Lackawanna  Railroads,  will  take  care  of  freight 
unloaded  at  these  points. 

Third.  Build  a  tunnel  from  a  point  near  50th  St.  to  a 
point  adjacent  to  the  West  Shore  Tunnel,  for  the  handling 
of  the  business  of  the  West  Shore. 

Fourth.  Build  a  tunnel  from  125th  St.  to  a  point  adjacent 
to  the  freight  yards  in  the  vicinity  of  Fort  Lee  Ferry. 

Fifth.  Build  a  belt  line  along  the  Hackensack  River  to 
the  New  Jersey  Meadows,  connecting  with  all  the  railroads 
mentioned.  At  the  present  time,  tracks  are-  available  for 
about  half  this  distance.  Over  this  belt  line,  freight  con- 
signed to  New  York  City  could  be  moved  to  the  most  adapt- 
able yard,  unloaded  at  existing  team  tracks,  and  trucked 
directly  to  point  of  destination,  eliminating  any  north  and 
south  trucking  in  New  York  City. 

This  plan,  as  outlined,  would  cost  much  less  than  the  plan 
under  consideration  and  would   give   relief  to  the  entire  city 


The  third  method  of  delivery  is  worked   out  between  the  instead  of  to  a  small  part  of  it.  and,  in  addition,  would  expe 

trucking  company  and   the   consignee,  the  latter   preferring,  dite   the   movement   of   pleasure   vehicles   in    and   out   of   the 

in  many  instances,  to  receive  his  freight  from  the  trucking  city.    Trucking  of  this  nature  would  not  add  to  the  congestion 

company  rather  than  have  it  go  through  the  inland  stations.  of  New  Y'ork  City  streets  as  the  same  freight  is  now  trucked 

This  reduces  the  cost  of  handling  freight  both  to  the  trucking  between   warehouses,   ferries   and    the   pier   railroad   stations. 

(55) 
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Method  of  Driving  the  73  Ft.  Wide, 

50  Ft.  High  Rove  Barge 

Canal  Tunnel 

One  ol  the  most  Interesting  construction  Jobs  now 
way  In  Europe  Is  the  driving  ol  the  Rove  tunnel  .i  link  In 
the  barge  canal  connecting  the  Rhone  to  the  hafbor  ol  Mai 
Franci  This  canal  will  allow  without  anj  tranship 
men!  the  traffic  ol  barges  ot  1,200  to  2,000  tons.  The  Rove 
tunnel  Is  '•'■'■  ft.  wide  and  50  ft.  high  and  about  8,000  yd 
The  water-canal  part  is  60  ft  wide,  13  ft.  deep  and  is 
bordered  by  two  tovi  paths  7  ft  wide,  at  a  level  5  tl  above 
Bea-level      Everj   300  tl    a  sheltering  nook   Is   provided,  thus 


Entrance  tc   Underground   Workings   as  Seen   from  the   Interior. 

enlarging  the  canal  width  and  bigger  chambers  are  arranged 
1,200  yd, 

The  dimensions  of  tliis  tunnel  render  it  one  of  the  largest 
works  of  its  kind  yet  achieved,  Its  action  of  over  3,250 
-•1  ft  Is  about  six  times  bigger  than  a  double-track  railway 
tunnel.  The  total  volume  of  excavation  required  is  about 
3.000,000  cu.  yd.  We  are  indebted  to  the  February  Com 
i  Air  Magazine  for  the  following  particulars  regarding 
the  construction  methods  on  this  tunnel 

Method    of   Working. — The    start    was    made    in    April.    1911, 

by  the   Bea  short 

Two  galleries,  each  about  90  sq.  ft    In  section  were  driven 

at  the  base  of  the  tunnel:    the  lower  level  of  these  galleries 

i  the  level  of  the  tow-paths,  i.  e.:   five  feet  above  sea- 

level.      The   gallery    on    the    right-hand    was    driven    first,    the 

left  one  following  it.     These  two  galleries  were  connected  by 

a  Beries  of  short    {  an   angle  of  about  40  degrees 

with  the  central   line  of  the  tunnel,  thus  helping  the   VI  ntila 

time]  and  the  hauling  out  of  the  cuttings. 

From  the  top  of  these  side  galleri.-.  Inclined  shafts  were 

sunk   everj    60    ft.,   these   shafts   ending   on    each    side   of  the 

ection  3).     The  top  gallery  (level  33  it.  above 

driven   had   a    small  area    (40   sq.   ft.)    and   the 

cuttings  coming  from  this  gallery  were  thrown  with  shovels 

in   the    side-paths,   therefore  facilitating   the   loading   of  the 

■s  in  the  lowei    gallery. 

.  illery  was  later  on  enlarged  (section   li.  and  its 

level  excavated  down  to  the  level  twenty  feet  above 

•.'   the  end.  the  side  excavations  were 

. 

irding    to   the   nature   of  the   ground,   timber-work    was 

"i  certain  parts  it  being  possible  to  make  an  excava- 

\     ft.    in    diameter    without    any    support.      In    Ol 

[-.'nation  was  Bofter  (aptian  marl)  a  very  beavj 
wood-work  ry,  and  the  driving   work  had  to  be 

-  are. 
Th>  ■   the  lower  gallerj   from  the  Boor  level  up 

ide  in  advai 
ordeT  to  per  arch,  which  « as  built 

-  Of  high  !• 
The   lining  was  made   In   20   ft       ■■lions.      The   ai 

t  ieed  with  the  maximum  ol 

under 
work    1  driving,    placing  or    masonry,    etc.)       The 

i re  the  complete 

lie   forms    from    the    finished    section 
of  the   work    1     given   by   the   various 

one]  shown  in  the  accompanying  illustra 

til-    about    17"    ft.    apart.      The   driving 

tme  1  Ime  on  tin ■ 
'  length  ot  1,700  to  2, it   ol  tunnel 

Drilling.   Ventilation,    Illumination.     The    drilllnj 


1 d  done  exclusively  with  (ngersoll-Rand  Jackhamers.    Com- 
pressed air.  at  a  pressure  of  160  lb.,   was  furnished   from  the 
compressor-plants  at   each   Bide  of  the  tunnel,  by  7-ln    pipe 
hading  up  to  and  Immediately   behind  the  beading. 
This   Bystem  ol   drilling   made  possible  a  rate  of  advance 

6  11  per  B  hours  shilt  It  was  Useless  to  hurry  the 
driving  of  the  lirst  galleries  as  was  the  custom  in  other  tun- 
nels, as  the  enormous  amount  ol  muck  to  be  taken  out  of 
the  tunnel  was  limiting  thi  dailj  advance  about  11  it  of 
finished  tunnel 

The  ventilation  was  obtained  bj  means  of  a  --in.  rent 
pipe  laid  In  the  right-hand  gallerj  and  in  which  the  powerful 
■  1  ■    blow  Ing  the  li,-:,  air  wanted. 

In  I '.» 1 ::.  when  the  Logis  Neuf  shait  was  met,  another  fan 
was   put   on   top  ,,f  the  -ban    (600  ft    deep);    this   fan   was 

blowing    17    CU.   yd.    per   seen:.:  me    1,,    2.6    cu.   yd. 

per  man  per  minute,  and    126  CU.   yd     pel    lb,  01   dynamite  "ex- 
ploded.     Supplementary    ventilation    was    provided    by    the 

exl -1   an-  from  the  working  of  the  pneumatic   tools  and 

the  locomotives. 

The  illumination  of  the    work   was  obfc id    ■■■■    Individual 

portable  carbide  lamps;    tl  lights 

and    the    locomotives    with    a  etylene    search-lights.      (Then 
the   stress    is   entirely   taken   off,    the   track    is   illuminate! 
ectric  bulbs,  and  the  station  by  powerful  I 

Haulage  and  Disposal  of  Muck. — The  muck  is  at  the  pn 
time  being  hauled  outside  tin  tunnel  on  a  ::o-in.  track  by 
mechanical  haulage.  The  type  of  muck-cars  in  use  has  been 
designed  by  the  contractor  These  cars  have  a  capacity 
of  4  cu.  yd.,  are  mounted  on  a  heavy  name,  and  are  of  the 
dumping  type. 

At  the  heading  the  muck  is  shoveled  on  a  low  platform  car 
and  later  on  loaded  in  the  dump-cars.  The  debris  of  the 
top  gallerj  and  of  the  Bide  falls  by  the  action  of  gravity 
through  vertical  shafts  leading  to  the  top  of  the  lower  gal- 
leries. The  muck  shoveled  b\  hand  is  received  there  in  the 
cars  which  were  pushed  under  the  shaft  in  a  convenient 
position. 

Behind,  in  the  stress,  the  loading  is  made  partly  by  hand 


Plan   of   Driving   Pilot   Headings    ind   Method  of   Widening. 

and  the  remainder  bj   con  Ir  cranes.    The  cars  are 

hauled  by  mi  These  loco- 

motivi  -''"i  Hi'   have  been  designed  tor  passing  in 

the  smaller  sections  of  lie  .did  their  Weigh!   is  sutli- 

clent    lor   hauling   200  toii   trains      They   are  of   two 
one  of  the  m    k.  Porter  I  o     Pitt  iburg,  the  other  one  built 
n'l  designed  by  ■.■on  chagnaud,  the  cue 

tor  the  tunnel.     These  locomotives  are  I, nth   of  the  compound 
type  and   haul  generally  train-  of  ::;,  to   to  loaded  ears. 
Compressed  air.  under  a  pressure  of  1,400  lb.  for  loading 

1   along  the  tunnel  by  a  BPOClal 

plpt    .no!  provided  with  a  loading  station  everj  660  yd 
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An  important  clearing  station  has  been  red   at   each 

entry  of  the  tunnel,  and  the  main  track  enl   ring  the  tunnel 
follows  the  left-hand  gallery.     From  time  <  ■  <  the  mam 

track  is  connected  to  the  right-hand   ■  ,,1,    tracks 

for  helping  the  traffic. 

At  about  4.500  yd.  from  the  entry,  a  station  has  been  in- 
stalled at  3/1000  slope  alongside  the  I  track 
leads  to  the  point  +26  ft.  and  la  u  PPlylng  the 
lumber  and  the  stross  for  masonry  worl  materials 
are  passed  downwards  for  the  main  part  ol  the  Hum. 
elevated  by  the  men  for  the  upper  part  ol  the  qua 

At  each  entry  the  muck  trains  are  hauled  awaj  bj  com 
pressed  air  locomotives  of  about  250  H.  P. 

The  compact  limestone  is  brought  to  a  crushing  plant. 
which  furnishes  all  the  broken  stone  and  the  crushed  sand 
used  for  the  masonry  work.     The  remainder  ol  the  nun 


The  compressing  plant   Includi 
pressors,  working  ai  a  pre  the  haulage 

plant,  and  three  compound  air  compre    .  i     at  150  lb,  needed 
tor  the  drilling.     These  compi 

vol)   motors  ol  more  than      i  Several 

Of    these   compressors   of   500    II.    I 
Ingersoll  Rand    i  o 

The    high    voltage    cum,  ,,i  ,„    ,,,,,    U]llh 

transforming  stations  every   1,100   ,d     a  prlmai 
5,000    volts    was    reduced    to    190   110    voll 
pumps  and  electric  lights. 

A  locomotive  repair  shop,  forge  shop,  etc.,  where  more  than 
250     workmen     were     employed     completi 
equipment 

Big  lime  stores  wen.  arranged  which  could  bol 
sufficient    for   three   months   work. 


' 


The    heavier    Type    of    Tunnel    Construction. 


Liicercji-ound    Excavation    Plan. 


Section  With   Light  Construction   Lining. 


been  used  for  the  dams  for  rilling  the  space  behind  the 
quay  walls  and  for  the  new  "President  Wilson  Dock"  al  the 
south.  At  the  north  entry  near  the  Etang  de  Bolmon,  it  was 
used    for    building   up   industrial    land   along   the    lake 

With  average  conditions  of  work  the  amount  of  muck 
hauled  outside  the  tunnel  reached,  for  both  entries,  1,350 
iu.   yd.   per  day, 

Drainage.— The  formation  encountered  was  mainly  of  com- 
pact limestone  or  marl  and  clay  limestone.  In  many  points 
this  limestone  let  water  flow  in  the  tunnel;  several  springs 
have  also  been  found,  having  an  output  reaching  525  cu.  yd. 
per  hour  in  the  dry  season  and  in  winter  2.700  cu.  yd.  per 
hour. 

It  has  been  very  difficult  to  drain  this  amount  of  water 
on  a  horizontal  distance  of  9,000  yd.  Steel  or  concrete  drain 
pipes  have  been  used,  and  several  pumping  stations  inside 
the  tunnel  were  found  necessary  for  pumping  water  from 
one  station  to  the  other.    At  the  Ste.   Maxim.  I       multi- 

liar  centrifugal  pump  had  to  be  installed,   i 
t.  high.    The  total  power  required  by  the  pumps  reached 
limes  400  H.  P.     In  1913  a  big  crack  in  the  limestone 
lion  let  over  800  cu.  yd.  of  water  flow  in  the  tunnel.    A 
considerable    amount   of    grouting    work    was    nee.       , 
filling  this  crack. 

The    Tunnel    Lining.— The   type   of  lining  varies   according 
to  the   nature   of   the   formation  met  and   the  design   i 
side-paths. 

In  solid  formations  the  lining  has  a  thickness  of  28  in. 
to  40  in.  The  side  walls  are  laid  on  the  natural  g 
The  bottom  of  the  canal  will  receive  a  lining  of  24  In.  thick. 
In  the  marl  limestone,  more  or  less  brittle,  the  lining  reaches 
a  thickness  of  40  in.  to  50  in.  The  side  walls  are  in  this 
case  supported  by  an  important  foundation  four  feet  thick. 

The  arch  is  built  in  20  ft.  sections  without  any 
with  the  next  section.    The  masonry  work  is  made  with  hard 
limestone    blocks    coming    from    big    quarries    which    were 
opened   by   the   contractors   at   Cassis    and    Marignane. 

The  sand  was  crushed  from  the  material  coming  from  the 
tunnel,  and  the  mortar  was  made  of  an  excellent  quality  of 
hydraulic  lime. 

Behind  the  stross  the  digging  of  the  canal  was  started. 
The  muck  was  loaded  by  hand  into  buckets,  which  were 
elevated  by  electric  cranes  and  unloaded  into  dump-cars  at 
the  level  +  5  ft.  Every  550  yd.  a  down  slope  of  3  1000  per- 
mits the  placing  of  a  track  running  down  to  the  level— 
U  ft.  Thus  the  muck  coming  from  the  lower  part  of  the 
cut  is  quickly  hauled  to  the  upper  level. 

The  motive  power  was  supplied  by  the  Compagnie 
d  Electricity  de  Marseille;  for  the  south  entry  three  phase 
current,   5.000   volts,  50  cycles  being  available. 


\    similar    plant    layout    was    provided    at    the    north    i 
at    Marignane.   where   the  electric  current    was  delivej 
1,300   volts   by   the  Energie  Electrique   du    Littoral    Mediter- 
ranean, and  reduced  to  44(1  volts,  25  cycles. 

During   the  war,   1914-18,  tin  been  progressing, 

but  at  a  reduced  rate,  owing  to  the  lack  of  help  and  of  raw 
material. 

The  headings  came  together  on  Feb.  18th,  1916.  thus  help- 
ing the  natural  ventilation  of  the  tunnel  and  facilitating  the 
management  by  the  direct  communication  between  the  two 
ends. 

Since  the  end  of  the  war  the  number  of  men  reached  a 
total  of  1,200.  working  in  three  8-hour  shifts. 


Replacing    Derailed    Cars    by    Means    of    Pulling 
Rope  and  Frogs 

Breaking  in  or  pounding  down  a  new  track  over  fresh 
fills  and  a  soft  roadbed  with  modern  big  equipment  is  con- 
ducive to  numerous  "spills."  If  one  is  trying  to  keep  a  300- 
ton  shovel  busy  digging  earth   at    the  same  time,  something 

dy  is  needed  as  a  re-railing  aid.     A  method   of  u 
pulling   rope   in   conjunction    with    a    re-railing    frog,    d 

L-eibig,   pit   foreman    for   the   Cornwall   Ore  Bank 
Co.,   in  Pa.,    is    described    as    follows    in   a   recent 

issue   of  the   Engineering  and    Mining  Journal: 

llie   rope   may    be   cut   from   old   hoisting  rope   and   should 

out    P,    in.   in   diameter  and  2.".   it.   long.     Tie  or  clamp 

oni    end   of  the  rope  to  a  hook  and  the  other  to  a  coupling 

link.     If  tied,  the  first  pull  of  the  locomotive  will   make  a 

isier   and   quicker   to    re-tie   the 

rope   than   to  change   cable   clamps   if  a    tear  occurs. 

section  ahead  of  a  derailed  truck  is  uncoupled  and 
the  link  end  of  the  rope  attached  to  this.  The  hook  is  caught 
in  the  truck  frame  back  of  the  journal  box  on  the  side  which 
will  draw  the  wheels  to  the  track.  After  the  wheels  are 
close  to  the  rails,  the  replacing  frogs  are  used  along 
with  the  rope.  The  side  pull  of  the  rope  on  the  truck  crowds 
the  wheels  to  the  rails  and  counteracts  tint  overturning  effect 
of  a  loaded  car  on  the  frogs. 

Warped  "A"  frogs  can  he  used  and  need  not  he  blocked 
up  or  fastened  to  the  ties.  With  trucks  askew  of  the  track 
on  an  extra  hard  pull,  a  second  engine  to  shove  may  avoid 
tile  tear  in  the  rope,  and  save  time.  Nearly  any  de- 
railed car  can  be  quickly  replaced  without  unloading  and 
with  little  damage  to  the  track.  Where  a  piece  of  track  is 
giving  trouble,  the  ropes  are  carried  on  the  locomotives,  and 
only  fifteen  or  twenty  minutes  are  required  as  a  rule  for 
jobs  that  formerly  took  one-half  hour  to  three  hours. 
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The     Relation    of     the     Engineer     to 
Railroad  Operation 

Paper  Presented  at  Last   Annual    Meeting  of  the 
Iowa  Engineering   Society 

By    R.   .1     SMITH. 

The   engineer's    work-a-daj    function    throughout    the    rail- 
road organisation   runa  in  Buch  a   groove  thai   he   is  apt   to 
ok   his  essentia]   relations   with   the   other  features   ol 
Uon,     It  may  seem  trite  to     i)   that   railroads  exlal   to 
run  trains     preferablj   :it  a  profit,  yet  the  engim 

construction  or  maintenance  as  the  prime 
activity  ol  all  concerned,  In  ins  technical  isolation  he  is 
sometimes  prone  to  forget  thai  train  operation  Is  the  great 
In  all  railroading.  An  addition  to  the  cost  ol  con- 
struction, in  order  to  facilitate  movements  of  the  operating 
department,  Is  often  resented  by  the  engineer  as  an  inex- 
cusable imposition  upon  his  activities,  and  this  resentment, 
of  course,  is  returned  In  good  measure  by  the  untutored 
partment,  which,  in  its  turn,  cares  not  a  hang 
nstruction  costs,  with  the  net  result  that  there 
quently  friction  and  antipathy  that  waste  real  money.  The 
purpose  of  these  remarks  is  to  remind  the  engineer  that 
after  all.  and  regardless  of  the  magnitude  ol  his  own  par- 
ticular work,  operation  of  trains  is  the  great  activity  of  rail- 
roading to  which  all  else  must  be  subordinate.  Cur  true 
guide  must  be  the  efficlenc]  ol  train  operation,  and  we  must 
each  have  in  mind  the  total  cost  to  the  railroad,  and  not 
solely  the  cost  of  any  of  the  individual  enterprises  involved 
Let  us  review  briefly  the  engineer's  place  in  railroad 
activ  it 


The    Engineer's    Part    in    Construction    and    Maintenance. — 
First,   we  have  the  original  construction,   which   must   be  BO 
d  that  operation  may  be  started  at  the  earliest  moment 
in  order  to  hring  in  revenue.    Hen-  the  engineer  is  paramount 
and  must  have   constantly   in   view   the  aims   Ol   the   manage- 
ment  in   placing  certain   stretches   in   operating  commission. 
Then  follows,  for  all  time,  the  maintenance  of  way.     Here 
the  engineer,   while   still   important,   sinks   to  a   subordinate 
Under   these   two   chiel    hi  ids    of    construction    and 
maintenance    most    of    the    engineer's    activity    will    always 
fall,  but  he  follows  many  ramifications  of  these  major  inter- 
ests and  becomes  Involved   in  land  matters,  various  kinds  of 
Cts   and    in  other   legal   phases,   sue]  ige   cases 

and   the   like. 

unting  and  valuation  constitute  a  field  in  them- 
selves which  may  remove  the  engineer  very  far  from  any  ac- 
tual building  or  operation  as  lie  has  ordinarily  thought  of  them, 
loiter  construction  and  maintenance  refinements  may  bring 
the  engineer  to  specialization  in  large  projects,  such  as  ter- 
minals, track  elevation,  electrification.  The  greater  part  of 
activities    require   the   engineer   to  he   in  close  touch 

with  train  op. -ration,  and  his  adequate  grasp  of  the  methods 
and  problems  of  that  operation  is  of  the  greatest  value  to 
him    in    his    Immediate    work. 

The  highly  technical  activities,  such  as  bridge  and  terminal 
design,  may  lead  to  a  specialization  that,  for  the  engineer  of 
good  average  ability,  maj  him  that  he  narrows  his 

groove  and  to  that  extent  follows  a  course  apart  from  the 
larger  garni  "i  operation  as  a  whole  if  his  work  is  of  a 
more  general  character,  so  that  be  is  brought  to  many  dif- 
ferent points  of  contact  with  the  operation  of  trains,  he  will 
be  led  to  diversity  ol  Interests  and  will  require,  and  acquire, 
an  ever  broadening  knowledge  of  other  phases  of  railroading 

The  railroad  business  must  have  its  highly  technical  en- 
■     i. .lists    who    focus    upon    one    branch    to    the 

,  rl  i  oi  all  else  Generally,  these  men  are  un- 
usually well  titt.-. 1  bj  temperament,  and  perhaps  by  the  acci- 
dent of  some  special  training  in  their  earlier  experience,  to 
follow  one  line  Only,  and  they  would  perhaps  1..-  disturbed 
and   even  unhappy  and  Inefficient    in   a   dive  igineer- 

ing  work  Most  of  us,  however,  without  the  gift  of  unusual 
ability  in  any  one  line,  can  find  a  larger  Interest  in  the  rail 
road  game  as  a  whole  and  in  that  attitude  an-  free  to  study 
that    came   a      ii    i      being    played    all    oi    the    time    around    us. 

•    is  belong  I 

shall,  neral    thing,    be    greatly    mistaken    if    we   do   not 

pur-u-  nei  I  ion    w  |th    our    Imme 
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diate     duties,     for     such     BtUd)      will     surely     develop     us     and 

eventuall)    lead  to  greatei    service  and  compensation 

The    Engineer    Should    Study    Operation.-  Thus,    the    rank 

ami  tile  of  railroad  engineers    should  familiarise  themselves 

rough]]  with  tin-  book  oi  nil'  the  dispatchers  commoner 
orders,  the  capacity  ol  Iding  md  of  the  several  .lasses 
ol     locomotives      particular)}     of    .my    work    train    power    that 

the)    may  employ,  the  time-table,   the   wage  scales,   tl ngine 

stages,     with    the     peculiarities     Ol     layout     and     operation     of 

terminals,  and  with  th.-  organization  ami   its  personnel.     Of 

.ours.-,  if  such  an  engineei  hi  running  about  over  several 
divisions  he  could  not  .1,.  .,11  ol  this  with  accuracy,  but  in 
the  numerous  cases  where  .  nan  works  one  division  for  a 
long  time  he  can  acquin    .in  amaz  I  I    sound    Infoi 

malum   and   have  a  bully   good   time  d g    ii       His   knowledge 

of  grades  and  alignment  will  probabl)  In-  more  precise  than 
that    possessed    by    anyone    else 

Such  Information  as  that  indicate. I  above  enables  the 
engineer  to  co-operate  with  the  operating  department  to  save 
it  delays  ami  overtime  and  In  return  to  benefit  his  own  work 
bv  securing  more  prompt  ervici  at  minimum  cost  In  the 
of  a  season's  work  an  engineer  ma]  save  thousands 
of  dollars  in  work  train  ervice  alone  b]  planning  his  plant 
and    material    movements    m    the    light    of    the    time-table    and 

othei    operating    requirement         The    suitable    location    of 

grades  and  the  entrain,  turnouts  in  pits  mav  be  worked 
out  in  much  the  best  advantage  only  when  the  engineer  un- 
derstands the  train  ami  shovel  movements  and  is  in  com 
plete  accord  with  the  operating  department. 

In  the  lesser  matters  t."  it  pays  a  chap  to  study  operation. 
Knowledge  of  the  usual  b  gi  movements  may  enable  bjm 
io    get    his    speeder    handled    promptly    and    carefully    when 

otherwise    it    might    he    overl d     or    broken    in    transit. 

larity  with  operating  details  of  his  division  often  BD 
ables  him.  particularly  on  mountain  roads,  to  win  the  dis- 
s  regard,  so  that  he  is  greatly  helped  in  getting  over 
the  line  on  his  gas-car  Intelligence  in  requesting  special 
train  stops  seldom  goes  unappreciated  by  the  train  service, 
so  that  in  real  neo  special  accommodation  can 
.I       Example                   be   multiplied. 

Further,  we  should  keep  in  mind  that  there  is  little  in 
the  realm  of  railroading  that  is  not  susceptible  of  improve- 
ment through  the  analytic  met  hods  of  the  engineer,  if  only 
he  has  the  knowledge  His  intensive  study  of  practically 
any  branch  of  operation  should  lead  him  to  some  better- 
ment      The   held   is   wide 

Co-operation  with  the  Operating  Department.  -Recall,  if 
you  will,  that  in  the  abovi  paragraphs  mention  was  made  of 
'organization  and  its  personnel"  and  that  a  little  later  the 
words  "accord"  and  "regard"  were  used.  These  references 
hring  to  attention  that  mi  important  item  in  the  engineer's 
relations   to  the  operating   department,   co-operation 

We  hear  the  word  so  Ii  I  isantly  that  it  perhaps  becomes 
tiresome,  but  it  means  so  much  in  the  business  world  that 
we  must  bear  with  it.  ami  more,  study  it.  Only  by  knowing 
substantially    the    BChet  organization    of    his    road    and. 

to    a    considerable    6Xl  Characteristics    of    those    in.li 

viduals  who  go  t..  make  up  thai  organization,  can  the  engineei 
carry  out  bis  work  with  the  greatest  efficiency.  A  .hart  of 
organization  would  hardlj  suffice.  Titles  are  often  mislead 
ing.  and  the  engineer,  whatever  his  station,  should  he  keen 
to  discover  what  men  reallj  are  in  their  temperaments  and 
abilities,  what  they  are  supposed  to  .io  and  what  they 
actually  accomplish.  When  the  opportunity  presents  itself 
to  observe  one  of  these  men  in  action  the  engineer  should 
embrace  it  with  Interest  in  order  to  get  a  line  upon  the 
other's  problems  and  the  methods  he  uses  to  meet  them 
In  this  way  his  understanding  of  the  difficulties  of  the  other 
fellow's  job  will  expand,  he  .an  gel  something  of  their  view 
point,  and  will  thus  be  better  able  to  cope  with  them  if  they 
impose  upon  him  and  to  co-operate  with  them  if  there  is  any 
chance  at  all  presented 

As  illustrations,  the  engineei  a  bo  understands  something  of 
the  train-master's  practlci    can  gel   far  more  from  his  work 

train  crew  than  would  otherwise  be  the  case;  he  who  knows 
the  road-master's  ups and  downs  will  get  maximum  results 
in  the  gravel  pit  or  ai  a  slide;  while  the  engineer  who  knows 
...hat  the  vardmaster  i-  up  against  will  very  likely  get  his 
OUtflt-traln  through  the  terminal  with  greatest  expedition 
r.a.k  of  all  this  understanding  of  the  other  fellow's  difficul- 
ties  must   lie  a  real  desire  to  help  him.  and  the  cultivation  of 

acquaintance   and   even    friendship    through    Bquare   dealing. 
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toleration  and  good  work  is  of  prime  value  in  getting  ones 
own  job  well  done.  This  is  not  Intended  a  preachment, 
but  I  am  convinced,  and   teel   stronglj    i  to   say,   that 

nowhere  is  the  golden  rule  more  prod     I  n   In  a  great 

railway  organization. 

High  Quality  of  Work  As  a  Means  for  Securing  Co-oper- 
ation.—A  signal  aid  to  the  engineer  in  enlisting  co-operation 
can  always  be  had  In  performing  a  h  quality  of  work. 
Sometimes  this  work  may  be  of  a  spi  iri    which 

will  excite  the  admiration  of  men.  ami  h   ili.it   par- 

ticular performance  may  not  he  difficult  tin  i  no  barm  on 
rare  occasions  in  "playing  it  up"  B  1  i 1 1 1 . ■  l  have  in  mind  an 
instance  of  this  that  I  once  witnessed  and  with  your  indul- 
gence will  relate  as  briefly  as  possib  party 
in  mountainous  country  had  worked  several  li  on  a  short 
piece  of  preliminary,  only  to  discover  that  the  line  would 
have  to  be  abandoned  because  of  the  excessive  yards 
a  tunnel,  with  the  only  alternative  an  immense  slope  of 
slide  rock.  Reconnoissance  had  banked  upon  a  shorter 
tunnel.  The  work  had  been  very  arduous  on  this  winter 
job  in  a  box  canyon,  and  the  unusually  large  party,  which  had 
rough  characters  in  the  persons  of  its  axmen  and  teamsters, 
became  thoroughly  disgruntled  over  what  thej  regarded  as 
sheer  waste  and  inefficiency.  The  line  was  changed  to 
a  formidable  cleft  made  by  a  mountain  river,  which  it  was 
impossible  to  chain.  Because  of  the  difficult  alignment  that 
was  sure  to  be  encountered  in  this  crossing,  it  was  decided 
to  locate  then  and  there,  with  the  result  that  sharp  curvature 
with  difficult  spiraling  was  encountered  in  the  crossing  The 
simpler  triangulation  would  not  avail,  so  that  the  problem 
appeared  to  all  but  two  of  the  party  as  impossible  of  exact 
solution.  Actually,  while  some  very  nice  calculation  was 
necessary,  the  topography  upon  the  edges  of  the  gorge  was 
exceptionally  favorable  so  that  when  the  line  was  taken  up 
upon  the  other  side,  after  a  wide  detour  had  been  made,  tne 
curves  checked  out  with  a  gratifying  accuracy  that  enabled 
the  party  to  proceed  with  only  slight  delay.  This  feat  so 
aroused  the  admiration  and  enthusiasm  of  the  entire  party 
that  the  effect  was  noticeable  for  days,  and  the  engineer, 
who  himself  realized  that  he  had  frequently  done  much  more 
difficult  things  on  that  same  piece  of  location,  was  never 
theless  slow  to  dispel  the  illusion  that  practically  all  of  the 
party    labored    under. 

In  general,  of  course,  consistently  reliable  work  upon  the 
part  of  the  engineer  is  what  will  count  in  the  long  run. 
Often  he  is  associated  with  some  other  department  that  de- 
pends  for  its  success  in  making  a  good  showing  upon  the 
dependability  of  the  engineer's  performance.  This  is  illus- 
trated in  the  case  of  a  railroad  which  erects  its  own  bridges. 
tor  the  erecting  superintendent  can  be  greatly  hampered  by 
comparatively  coarse  work  on  the  part  of  the  engineer  who. 
however,  has  not  let  any  actual  error  creep  in.  In  such  work 
extreme  accuracy  in  setting  the  steel-lines  upon  masonry 
for  the  reception  of  pedestals  in  heavy  bridge  work  is  greatly 
appreciated  by  the  erectors,  and  they  seldom  fail  to  recip- 
rocate very  handsomely  in  some  way  or  other.  Our  ethics 
require  us  to  hold  good  work  as  an  essential  that  is  il 
reward,  but  it  is  just  as  well  to  point  out  that  additional  and 
more  material  rewards  are  apt  to  follow  in  bettering  the 
engineer's  relation  with  other  departments  and  particularly 
with   the   operating   department. 

One  Method  of  Securing  Co-operation  from  Construction 
Crew.— In  securing  co-operation  a  good  general  rule  is  to 
remove  all  mystery  from  your  performance  as  an  engineer 
and,  where  possible,  to  base  your  conclusions  upon  common 
sense  and  the  obvious.  A  locomotive  engineer  who  disre- 
gards a  bridge  slow-order  may  be  hailed  before  the  super- 
intendent and  coerced,  but  he  may  also  nem> 
In  the  process.  How  much  better  this  was  bandied  b 
following  case  which  comes  to  mind.  A  work  train  engineer 
on  a  line  not  yet  open  to  operation  persisted  in  running  a 
false-work  slow-order  much  too  fast  and  regarded  the  •feel" 
of  the  bridge  as  just  a  little  extra  "timber-spring."  Instead 
of  reporting  him  the  engineer  in  charge  invited  him  to  let 
his  fireman  run  for  water  while  he  himself  went  "under"  to 
see  how  the  work  was  going  on.  By  one  devii  e  and  another 
the  locomotive  engineer  was  detained  beneath  the  bridge 
until  the  fireman  returned  for  his  string  of  cars  and,  follow- 
ing the  example  of  his  superior,  hit  the  bridge  at  a  good 
25  miles  per  hour  in  spite  of  a  4-mile  order.  When  the 
timbers  sagged  very  noticeably  upon  the  blocking  and  the 
dirt  rattled  down  from  some  of  the  foot-blocks  in  the  dump 


our  "hog-head"   was   convinced  In   questioned 

the  engineer's  judgment.    Such  a  remedy  could  not  often  be 

applied,    but    it    illustrates   a    \ei\  ,!    method 

while   this   appreciation   of   the   points  of   Mew,   and 

co-operation   with   the   activities,   ol    other   n   ami   depart 

ments  are  both  oi'  the  utmost  valui  to  lie-  engineer  In  his 
profi  lonal  capacity,  thej  become  vital  should  he  have  In 
mind  entering  the  executive  held  of  railroad  operation. 
Kight  now  there  is  much  dlsput<  i  t<  vhethei  the  engineer- 
ing training  Mts  or  unfits  a  man  fa  \orK  How- 
ever   that    ma]     he.    we    can    all    agree    that    the    all    ot    gi 

things  done  demands   the   pulling   toi    thei    ol    men   through 
understanding.     This  understanding,   1   taki 
acquired   by   showing  interest   in   the  things  thej    are  doing 
and.  when  the  chance  offers,  bj   co-ordinating  those  things. 

It   is   possible  that  the   tone   ol   these   remarks    implies   an 
extraordinary  burden  upon  th<  tnd   intimates  that 

he,  ol   all   the  great   organization   with   which   he   i     conm 

has   been   the   most   negligent   in    recognizing    his    true    place 

in   il    and    in   identifying   hlmsell    as  a    part   of   it.      This.    I    bi 

lieve,  is  not  so.  but  I  also  believi  thai  the  engineer's  higher 
education  lays  upon  him  a  greater  obligation  proportionately 
than  should  be  borne  by  most  other  classes  who  make  up 
the  railway's  personnel.  The  engineer's  high  Intelligence, 
together  with  his  mental  and  physical  training  h\  hard  work, 
equip  him  to  bear  that  responsibility,  and  he  should  welcome 
it  and  stand  ever  ready  to  give  in  service  rather  more  than 
he  receives.  It  may  seem  at  the  time  that  his  recoil  | 
is  not  very  material  and  that  he  must  do  this  for  the  joy 
simply  of  giving,  but  as  a  matter  of  fact  his  service  will  be 
of  such  marked  value  to  his  employers  and  fellow-workers 
that  credit  is  hound  to  come  sooner  or  later  along  with  t  In- 
capacity for  handling  larger  enterprises,  so  that  in  the  long 
run  will  come  a  substantial  return.  We  are  often  treated 
witli  scant  courtesy  and  less  compensation.  Our  resentment 
boils  up  at  the  lack  of  appreciation  shown  by  rude  and  ex- 
pressive folks  who  may  be  shy  on  grammar,  but  those  folks 
are  making  the  wheels  go  around  in  just  about  the  greatest 
game  there  is.  Let's  line  up  with  them  and  for  them  and 
make  the  engineer  more  and  more  a  builder,  not  only  of 
structures,   but  of  organization. 


National   Research  Council    Committee  to   Study- 
Marine  Eorers 

The  National  Research  Council,  with  the  co-operation  of 
Kngineering    Foundation,    is   undertaking   an    Investigation   for 

the  purpose  of  developing  protective  measures  against  marine 

borers.  With  this  end  in  view  the  council  has  appointed  a 
Marine    I'iling    Committee,    having    the    following    membei 

R.  T.  Botts,  chief  engineer.  Robbins-Ripley  Co.,  chairman 

George  J.  Ray,  chief  engineer,  Delaware,  Lackawanna  & 
Western    Railway,    vice-chairman. 

A.    L.    Barrows,    assistant    secretary,     National     lie 
Council,  secretary. 

George   M.   Hunt.   United   States    Fori 

C.    A.    Keloid.    University   ot    California. 

Hermann  von  Schrenk,  consulting  engineer,  .New  York 
Central    Railroad. 

This  committee  has  formulated  a  program  for  obtaining 
necessary  data  immediately  so  that  those  Interested  may  be 
In  a  position  to  adopt  safeguards  at  the  earliest  possibl. 
It  is  proposed  to  appoint  such  research  fellows  as  may  be 
necessary,  to  be  located  at  investigative  research  stations 
in  various  parts  of  the  country.     Th<  proposes  to 

enlist  tin  Interest  ami  co-operation  of  every  possible  agency 
in  the  United  States  and  in  Europe.  The  program  includes 
Investigations  covering  the  entire  field  of  marine  construc- 
tion, not  only  wood  construction  hut  cement  and  metals.  In 
order  to  carry  out  the  preliminary  program  the  committee 
proposes  to  raise  a   fund  of  approximately   $100,000. 

Colonel  W.  G.  Atwood  has  been  chosen  director  for  the 
investigation  and  will  have  his  office  in  Engineering  So- 
cieties Building.  29  West  39th  St..  New  York. 

The  committee  in  preparation  for  a  meeting  to  be  held 
by  the  Municipal  Engineers  of  the  City  of  New  York  on 
March  22nd,  has  collected  a  large  number  of  specimens  of 
marine  borers  and  their  work.  These  specimens  represent 
a  number  of  species  of  borers  and  are  from  various  locations 
on  the  Atlantic.  Gulf  and  Pacific  coast-  These  specimens 
have  been  placed  in  the  lobby  of  Engineering  Societies  Build- 
ing. 29  West  .'{9th  St..  New  York,  for  inspection  of  all  who 
are  interested. 
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Conditions   Affecting  the   Head  of  a 
Rail 

Destructive    Influences   Reviewed   in   Paper 

Presented     Jan.     20,     Before     the 

New  York  Railroad  Club 

By  JAMES  E    HOW  VRD, 

I 

The  rail   problem   is  an  open  one  and   «ill  so  remain,  al 

intil  there  is  a  general  understanding  ol  the  destructive 

Influences    which    prevail    and    the    necessary    modifications 

made  to  ameliorate   them.     li    is   not    the  gross   load    which 

i'li.   which    makes    the    problem   a    difficult 

but     the     manner     in     which     the     load     is     applied. 

practically   the   onlj    Irremediable  cause   of 

rail    failures,    in    the    final   analysis    ol    the    case,    is  the  ex- 

nging  pressure  d   of  I  lie    rail 

and  the  tread  of  the  w  b 

..irks  refer  specifically    to   the   head   of  the   rail. 

n    i  lementary    principle    In    i  Dgineering    practice    to 

maintain  a  certain  relation  between  the  gross  load  and  the 

numbi  e    inches   ol    metal   provided    to   sustain   it. 

No  application  of  such  a  rMe  is  witnessed  in  respect  to  the 

lis.     The   impinging   pressures,   in   all   case 

permissible  leads  per  square  inch  al- 
lowed  in  other  engineering   ea  Vhile  this  disparity 

n   increasing,  no  permanent  reliel   is  in  sight. 
The  Choice  of  Steel  for  Rails.     In   regard   to  the  Choi 
ir  rails,  the  opportunity  is  open  to  make  anj   •: 
choice,   within    limits.     Track    conditions,    however,    restrict 
the  choice  to  hard  steel    a  steel  which  in  earlier  days  would 

iry  hard.     The  suiter  grades  will  not 

sustain    present    wheel    loads    without    objectionable    defor 
mation. 

11  uirally    Bound,    free    from    interior    seams     and 

streak-  lapted  to      eet  tin    general  conditions  of  rail 

a   is  the  task  of  the  steel   maker  to  Keep  inferioi 

a  minimum,  and  when  this  is  accomplished  the 

head  of  the  rail  will  be  in  a  condition  to  endure  wheel  pres- 

i.ills   within   the   ability   of  the   steel 

maker  to  control.     External   seaminess   of  the   rail   may  be 

a    negligible    factor   sine    failures    from    such    a 

■l  witnessed. 

First  Straining  of   Metal  at  Time  of   Fabrication.      The   first 

straining  ■  >:   the  metal  of  a  rail  takes  place  during   cooling, 
at  thi  on:     Internal  strains  of  compression 

quired  by  the  metal  adjacent   to  the  ton  and  sides  of 
the  head.     In  order  to  balance  these  compressive  Btrali 

metal  at  the  interior  of  the  head  is  put 

into  a  Ion.    The  stre>-  equi\  alenl  tor 

amount  to  thousand-  ol  pound     pel    square  inch.     They  have 

ed  many  tii  tdinal  direction.     There 

pposing  thai  i    pond- 

not   exist    in   lateral   il 

bead  to  cubic  extension. 

At    '  COOling    strains    ha  mation 

.'.al   crackfl  at   the   center  of   the  head   and  at   the  June- 

and  thi  Waring  and   Hofammann  al 

the    Al i.i    Laboratory  i;     it  .    tirst 

which   they   found  along 
the  cei  a  a  new  rail.    Subsequent  Investiga- 

ih.it  a  similar  zone  existed   at   the  June! 
tin  rails      H   v.  a  -  turthei    i 
that  thi  to  ( he  hoi 

■ails.     The   ;  >h,    time  of 

■     '  following    the     last 

ted   for 

■  ie  track    n  hicli   resulted 
in    the  llie    rails 

In  which   thi 

do!   found   m  edium   carboi 

iillnitesitnal.    with 
no  for' 

■    rails, 
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resembling  those  in  tin      mon    closely   than   the  shattering 
v.  inch   have   pr<  -•  nted  in   railt       Steel   is 

known  i"  bi  tive  to  thermal  treatment  when  first 

codled   from   the  Ingol   than   upon   subsequent   reheating   ami 
'  ""'in-        i  i    assist   in  explainiu 

difficult}  in  producing  battered  /ones  in  pails. 

After  tl oliiu-   strains   "i   fabrication   are   acquired,   the 

hint;    thai    ma]    happi  n    to   the    head    ol    the    rail    is 
straightening  at   the  Kl,.  ■,..   ,;i  ,    ,,,  e   .,.,.   cm,. 

to    notice    in    which    lb.     fi   ,cl   ire    "I    a    rail    m    the    track    .  oiihl 

trlbuted   to  the  immediate  influence  of  tin-  gag 
however,    profoundly    affi  ting    ling    strains, 

ni   theli  rearrangenx  ni  an 
:    strains  ol  compre     ion  maj   be  changed  to  straii 

0       Internal    strain-    do   net    admit    "1    hem 
bj    '"hi    bending    load-      There   will  oni       In   a  1 

and  those  /ones  maj   be  shifted  in  position  by  gag 

•  in    "i    Internal    strain      •  omplete  or   partial,   is 
accomplished  onlj   bj  annealing  the     ti  i  l 

Some  Causes  of  Rail  Failures.     Rail  ted  with  the 

lown,  ami  the  el 

Those    of    Hi'-    !.■  .'  ted    ill    this    ii 

in"    Infrequently    rupture    without    developing    then    normal 

extensions.      The   ah  | |tt     , 

fillets  uiuler  the  hi  ad  i  auses  rupture  to  have  its  origin 

at    that    place  the    top    Ol    the    head.      In 

such  a  fracture  the  metal  doi     not  displaj  normal  elong 

it   is  possible  that  a  heal  n  iected,  not  through  am 

fault  of  the  so  be  design  ol  the  rail 

Notwithstanding    the   disparity    in    size,   comparing 
«  ith  the  in,  oiimin  e  o  i.i 

Involved,  taken  by  themselves  alone,  ate  not  disquieting 
Track  tests  made  bj  i   in  the  past  and  recenl 

bj  "tiiei  i    n  itli  iiitt.  renl  i  ngines,  on  rail    ol 

Ights,  and  on  diffi  n  nl    kinds   ol  bail,    i  ,   range 

in  fibei     ti  iiich  would  not  he  considered  sufficiei 

cause    rupture.     Dndei  il    loads   rail    failures   may    be 

traced  to  definite  eau  ■  <  which  bending  stresses  are  com- 
ponents but  not  the  prin 

A    particuiai    condition     rhicb    Lads    to    large    numbers   of 
rail    failures    is    the    cold    rolling    of    the    head    by    the 
Kails  reach   thi    I   ai  certain  primitive   state  ol    internal 

strain.      Additional   Btri    '  i    once   introduced    by    tl 

pinging    pressures    of    the    wheels,    which    go   on    Increasing 

until,    perchance,   rupture  ,  This   destructive    iiui.. 

is   accountable   for   ruan>    rail    failures,    for   which    little    con- 
sideration has  been  given 
Exterior  strains  of  compn     ion  are  necessarily  opposed  bj 

mo  inn    strains  of  ten    ion        rhe    problem    is    how    to    preserve 

the  integrity  of  the  metal  in  thi    interioi  ol  the  h.-ad.  against 

strains    of   tension    l»-tl'     engthwise    and    crosswise.      Failure- 

from  longitudinal  strain  ol  tem  ion  in  the  interior  of  the  head 
result  in  the  displaj  •    fissures;  those  from  i 

wise    strains    ol     tension     I"  '"in.      split     head-        Xo    mvsterv 

attaches   I.,    tl  il  her   a    transverse    lissui  i 

split   head:    a    cumin. ■  |,       They    are    the 

direct  consequence  beel  pressuri 

constitute   practically  all   the  head   failures  of  rails. 

split  head  in    'a  hen  lateral  flow,   penetrating 

ad  sufficiently,  encounters  an  interior  seam  or  streak  of 
-ally   weak   met,,;        \   minute   separation    of   the   metal 

occurs  ti,.-  incipient  point  of  a  split  head  fracture.  The 
formation  of  this   incipient    crack  gives   some   relief  to  the 

!   strains      Wh.  el  I    t.-  of  strain. 

,  and  the  incipient   crack   is   Increased   in   size,     The 
process   Is   repeated   and   a     pi  I  cture   i-   thu 

gressivel}  formed.  CJndei  ordinarj  track  conditions  consider- 
able time  should  elap  umulated  interna] 
strains    I                   •  quate   to  st.ui   an   incipient   i  i  a,  i, 

mi  ni  should  be  an 
A  split   head  fractui  atuall)    extend   many   feet    In 

length,  po-siidy  originating  at  mote  than  one  place  along  the 

rail. 
Lack    of    Evidence    of    Presence    of    Internal    Strains.     Evi- 
dence which  would   had   to  the  Identification  of  an   internal 
strain  which  i-  on  the  verge  "i  causing,  rupture  seems   lack 
Ing,    There  is  a  Battening  "i  tin    grain  of  I  IJacent 

H    ini      urfai  •       in    cross     ection,   a    central 

shows  flattening  without  drift  i  Hi  each  side  of  this  central 
/ ■    Malic  mm  n    occur.-    with    lateral    tlow    or   dial' 

toward  the  nearest  side  oi  the  i"  id     The    pii'  head  ft  ' 

origin  in  this  upper  zone  of  the  head,  bul 
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within    Its    influence  and    below    whe pically,   the 

grains  are  distorted  in  shape.     Internal  sti  ol  thousands 

hi  pounds  per  square  inch  exist  without  m 

hi  their  presence.    Divested  ol  the  ph i  rmanent 

set  or  genera]  elongation  the  actual 

particles  «  hen  ruptured  bj  -  beat  or  bj 

a  measurable  quantity.    These  charai   ei  itures  which 

lead   t"  rupture  demand   consideration       I  pia)    of   in 

herenl  primitive  properties  occurs  as  a  rul  in  ti 

acceptance  of  the  sdvl. 

a  split   head  fracture  is  regarded  as 
finally  unsound  steel.     It   is  believed  that   rails  ol    perfectly 
sound  steel  would  not   display  this  typi  If  the 

grade   ol   steel    was   too   soft    to   sustain    the    wheel    li  u 
head  would  result,  nut  a  split 

The  dimensions  of  the  head,  even  in  the  wildest  rails 
<>t  lateral  distortion,  a  condition   not  experiem    d   in   Length 
w  ise  direction  of  the  rail.     No  relief  length 

wise  strains  except  such  lateral  increase  in  width  as  expressed 
bj  Poisson's  ratio,  that  is.  the  lateral  expan  ion  vill  be  from 
one-quarter  to  one-third  of  the  direct   compn    sion. 

Longitudinal  strains  due  to  normal   cooling   at    fabrii 
acquire   moderate   values   in   the    head;    higher   in    other    parts 
of  the  cross  section.     The  peripheral  metal  ol    I        hi  ad  tor 
the  most   part   is   left   after  cooling  in   a   state  ol   compn 

the  Interior  acquiring  a  state  of  tension. 

Stresses  exceeding  20.000  lb.  per  square  inch  compression 
have  been  found  in  the  upper  part  of  the  head,  in 
from   the  track.     The  interior  of  the  head   was   in  a  state  of 
On.      Here    are    the   Conditions    which    account    for    the    de 

velppment  of  transverse  fissures.     This  explanation  ol 
occurrence  was  given  in  the  first  report  of  the  Interstati 
merce   Commission   upon   this   type  of  fracture,   in   connection 
with   the   Manchester  accident  of  August,    1913 

Following  the  discovery  of  a  shattered  zone  in  the  bead  Of 
a  rail,  it  was  asserted  that  the  proximate  cause  of  Iran 
fissured  rails   had   been   found  in  this  development.      1' 
gation   did    not    confirm    this   assertion.     Transverse    fissures 
were  found  in  rails  with  shattered  zones  and  in  rails  without 
re, l    -ones,   also   shattered   zones   were   present    in   rails 
without     transverse    fissures.       The    results     of    investigation 
raised  the  doubt  whether  the  shattered  zone  even  short 
the  life  of  the  rail;    whether  diffusion  of  the  st  tains  from   the 
wheel  loads  ditl  not  occur  and  thus  an  influence  was  presented 
which  tended  to  prolong  its  life. 

Railroads   Should   Acquire   More   Extended   Data.     The   rail- 
roads  at,    not   without   opportunity   to  acquire   extended   infor- 
mation in  respect  to  the  physical  condition  of  the  rail      Ini  i 
the   number   of   transverse    fissures    amount   to   some    three 
thousand  reported  in  one  state  alone,  representing 
different  heats.    The  practice  in  vogue  of  removing  fro 
track  all  rails  of  a  given  heat,  when  a  certain  numbi  I 
displayed  transverse  fissures  does  not  constitute  a  con 
measure,  nor  does  it  increase  the  common  stock  of   infi 
lion  when  no  examination  is  made  of  the  rails   removed. 

There  is  a  similarity  hetween  the  develop] 
fissures  ..ml  split  head  fractures.     Each  i>  in  its 

development,  each  starts  from  a  definite  nuclei) 
usually  requires  a  term  of  years  of  service  before  it  mal 
appearance  as  a  fractured  rail.  Transverse  fissures  usually 
require  for  their  display  a  term  of  four  to  ten  years  in  the 
track,  but  there  is  no  definite  period  within  which  they  occur. 
It  is  a  matter  of  track  conditions,  not  one  of  time  which 
governs  the  development  of  these  fractures. 

Manganese  steel  rails  display  transverse  fractures  hut  not 
of  the  type  called  transverse  fissures.  Transverse  fractures 
in  these  rails  have  their  origins  at  the  running  surface  and 
do  not  start  at  the  interior  of  the  head;  in  this  respect  they 
are  distinguished  from  transverse  fissured  rails.  Thi 
nomenal  toughness  of  this  steel  is  completely  destroyed  by 
the  cold  rolling  action  of  the  wheels.  A  surface  film,  a 
few  hundredths  of  an  inch  in  depth,  is  affected.  Incipient 
cracks  are  formed  in  this  shallow  film,  some  of  which  may 
extend  downward  separating  the  head  and  possibly  a  portion 
of  the  web,  if  not  earlier  removed  from  the  track.  A  fine  hair 
line  marks  the  presence  of  such  a  fracture.  Nothing  is  known 
concerning  internal  strains  in  manganese  steel.  The  difficulty 
of  machining  the  steel  presents  an  insuperable  obstacle. 

Notwithstanding  the  complete  loss  of  toughness  at  the 
running  surface  leading  to  the  fracture  of  the  entire  head  and 
half  of  the  web.  the  rail  will  still  retain  toughness  in  the 
remaining  part  of  its  cross-section.     In  such  a  condition  the 


■  "  hi i  i  lil  uantitj 

lute  brittle is  in  the  bal  u 

vail      \o  lurking  dangei   ha 

teel    rail,   ami   from    i in       tat  e  rail.     II 

abilitj    ie   retain    toughness    undi 
in. live     ii   n,,i   onlj   a  safe  rail,  i, in   the  onlj    safe  rail 
parallel  conditions.     Its     in- 

lias  long    i I.  iii  'W  n 

Wheel    Burning   Source  of   Injury  t0   Rails.       \ 

in  >    to  the  heads  of  rails,  of  common  oi  n  n  heel 

burnln  onstltute   th ,   (ll    ,„. 

juries  w  li  ii  h  .ire  apparent  to  tl 

not    alwaj     a     bad   a     I  hi  i  ■,,.■-    u,,.   i,., 

layers  caused   by  wheel   burnln  ■   flaki    ofl 

the    steel    are    not    arrested    at  ,.    hard    and 

soft   metal   inn    extend   Into   tl 

urn  ei  tin-  cracks  is  a  d 
in    ibis    condition    are    among    those    which    are    Beeminglj 

iffected  in   w  heel  burning.    Such  rail    bave  been 
on  cm  in       craci     bi  Ing  foi  tned  al  i  lose  and  regular  me 

and    present    on    both  the   high    .i.Ml    i  hi     I,,,'. 

Wheel    burning    may    occur    in    which    so    much    hi 

erated     heating  such  a  large  pi 

by  conductivity  will  not  take  ,,  ,  . 

ing"   is   used    in    some    part  -    ,,l    thi     ci    ml 

meaning  as   wi i   burning,  but   applying 

stalling   of  an    engine   in   a    snow    drift        i   nder   sinh    a 
lien  the  head  is  so  generally  heated  that    I 
always  take  pla<  e     The  seven 

the  Surface  which  results  on  such  i"  . 
and  leads  to  early  failure. 

It  will  be  realized  from  this  review  of  the  conditions  which 
affect  the  bead  of  a  rail  how  seriou    me  the  Influences  which 

intered   when  the  rail   reaches  thi    track       n 

tructive  ti  adencie     are  cleat  tj    in  i    ld<  aa    tri  m    ■  ■■■ 

rail   escapes.      Kails  are  overstrained   membi 

training  forces  and  rupture  will  inevitably  follow.     De 
crease  the  overstraining  forces  and 
increased. 

At   best,  the  problem  is   how    to   prolong   the   lives    Ol    rail 

They  reach  the  track  with  a  certain   margin   in     trength  and 

fore  oi  safety.    This  margin  is  weakened  in  all  rail 

ill  some    destroyed,   and  all   Steel    is   breakable.      There   are    no 

orable  exigencies  of  service,  a 

d,  that  impose  excessive  demands  upon  steel,  ,n  such  a 
nature  thai  no  relief  is  possible.    The  ofl  n  pi  ated  n  n 
heard  that  steel  makers  know    the  conditi 
must  make  rails  to  meet  them,  without  considering  whethei 
demands  transgress  natural  lav  thi     trength 

I    corresponding  remark   might    with   propriel 
addn  ssed    ti,,     det  igners    oi    mete,,  ..    equipment 

wheel   loads  are  established.     The  exhibit    presented 
annual   report  of  rail   failures,  oi 
parallel    in    engineering    literature,    give     emph 
subject. 

Furrows    Control    Soil     Blowing    in    Kansas.      A     method    Ol 

lowing  In  the   we  I    a  p  irl   of  Kan  ,, 
been  worked  out   by  county  agents,  co-operativelj    employed 

irtment  of  Agriculture  and  the  Kansas  State 
Agricultural  College.     The  limited  rainfall  >    with 

altera  and  thawing,  cms,'    the  top    oil  to  become 

a  pulvi  which  blow     readily.     During  the   « inter 

and    .-!'  ill,  red    an    unusual 

amount  ,,   most    practical   method 

"'   counterai  I  tect  of  blowing  consisted  of  rui 

lister    turn,  ,;,ls    of    about    20    ft.    at 

prevailing  wind.     The    Ei  be    renewed 

■  nail-.,   and   if  the   weathei     i      unusually   dry   and 

hould  be  run  bet    •  ■  a  thi    hi  it  ones. 


Foreign    Specifications    for    Portland    Cement.— The    I       S. 
ids,  Washington,  u    i  ,,  hat    recently  com- 
pleted   a   summary   of  the   Portland    cement 
various    countries.      This    included    not    only    the    principal 
'  ments    but   also   many   of   (he   details    of   methods    of 
tests,  which  di  tails  are  frequently  of  great  e  when 

N  ring     the    specifications     of 
•  r,    for    ready    reference,    thi      prim  ,1     and 

chemical     requirements    have    been    assembled     in    a     single 
chart,    16    \    22    in.,    copies   of   which    n  ,,v    be   obtained    b 
dressing  thi    Bureau 
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Methods   and    Cost    of    Steam   Shovel 
Work    at    Phelps-Dodge 
Copper   Mines 

Interesting  Information  on  steam   shovel  operations  at  the 
Bisbee,    Ariz,    copper    properties    of    the    Phelp 
poratlon  was  given  bj  H.  M.  Zlesemer  and  Oeorge  Mieyr  In 
;i  paper  preeented  at  t  ii « •  New    York   meeting,  Feb.  21 
the   American    Institute   of   Mining   and    Metallurgical    Engl 
The  following  is  an  abstrai  i  of  the  paper 
m-shovel  operations  maj   loglcallj  be  considered  under 
[lowing   major  subdivision-     breaking   ground,   shovel- 
ing, haulage,  (lump  maintenance,  and  sampling      The  discus- 
sion of  methods  and  coat  in  this  papei    follows  this  outline, 
with  a  brief  description  of  equipment  used  In  the  operation 

In  breaking  the  material  for  rapid  handling  by  the  Bhovels, 
a  combination  of  bank  and  toe  boles  is  used  to  prepare  the 
ground  for  the  powder  charge  The  hank  holes  are  put  down 
by  chum  drills.  The  toe  boles  are  put  In  with  the  Burlej 
machines,  The  average  footage  per  shift  for  the  air  drills. 
In   all   classes   of  ground,   is   27   ft. 

The  too  boles  are  depended  on  to  give  the  required  bench 
advance  at  the  too  and  to  maintain  a  level  bench  floor.    The 

function  of  the   bank   hob-.-,   is   t..   slope   the   bank,   lessen  the 

burden  on  the  too  bobs,  and   to  make  the   bank  sate  for  the 

to  go  under.     A  slope  of  50'    is  considered   desirable 

and  is   maintained  a-   nearly  as   is   practicable. 

The  following  table  gives  the  yearly  average  performance 

of  churn  drills,  in  feet   per  -  hour  shift,  and  COS)   per  foot: 

Feet  Cost 

rear  shift.  per  foot. 

12.5  $1  71 

ill 

2  i  •_'  094 

1921    (! >    31.2  0.66 

Bank  holes  are  sprung  heavily  to  take  a  charge  of  from 
300  to  S00  lb.  of  powder,  depending  on  the  nature  of  the 
ground.  Cordeau  Bickford,  an  exploding  fuse,  is  used  as  a 
detonator.  The  toe  holes  are  sprung  to  take  a  charge  of 
from  "a  to  150  lb.  of  explosive  and  are  loaded  and  fired  in 
strings,  the  number  of  holes  depending  on  conditions. 

In  general  blasting  operations,  it  may  be  said  that  dis- 
tributing the  powder  uniformly  through  the  ground  would 
make  finer  breaking  and  would  save  delays  in  shoveling. 
However,  the  comparitive  cost  of  drilling  and  loading  holes 
bored  by  churn  drill  or  air  drill  must  be  balanced  in  deciding 
on  a  method  of  shooting 

The  height  of  bank  affects  both  methods  of  shooting  anil 
shovel  result-      a  gelatine   to  pei    cent   powder,   l1-  by  8-in, 

-Ink-,  was  used  in  springing  boles  and  shooting  boulders. 
Both  nitro-starch  and  ammonium-niti -ate  powders  have  been 
used  in  bank  and  toe  holes.  The  following  figures  give  the 
powder  efficiency,  in  terms  of  solid  yards  per  pound  oi  pow- 
der used,  and  the  cost  per  yard  broken: 

S.. lid    yards  COSI 

oid  pei    ■ 



1918  ...............  0.116 

[00 
2  12  o  mi 

The  operating  crew  consists  of  nine  men:  engineer,  (ram- 
man,  fireman  and  six  pitmen  Tie  loading  capacity  of  the 
shovels  in  favorable  material  has  never  boon  reached.  The 
record  8-hour  shift    i     124  ca  bout   2,350   solid   cu.  yd. 

The  following  tabb  yards  per  shovel  shift, 

gallon-  of  fuel  oil  per  yard,  and  the  cost   per  solid  yard: 

1918.       1919.       1920.       1921. 
"ift..     682  828  769         1.038 

ii  I  oil   per  s"hd    ...oi 

The   broken   material   is   separated    Into   lour   products,  as 

follows     direct   smelting  ore.   milling   ore,    leaching   ore.   and 

ii  Ho    principal  material  han- 

dled,   although    small    tonnages   of   dr  ag    ore    have 

Dipped   to  the  smelters  at  Douglas,  about  180,000  tons 

of  milling  ore  have  been  placed  tiding  starting  of 

DCentrator,    and    876, ton      Of    low-grade    ore    have 

on   the  dump  for  heap  leaching.     In  the  earlier 
:    ration,    it   was   necessary    to   locate   waste 
dumps  on  adjacent  hillsides. 

The   following   tabb-   gives   the  Cubic   yards   hauled    per   loco- 

the  gallons  of  fuel  oil  used  per  >ani.  and  the 
maintenance  of  the  dumps: 
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.   ,    ,  1918  1919  1920.        1921 

Solid   yards  per  B-hOur  operating  shift .  .   j:i7  :as         :i«i 

■  ..ill..!,-  fuel  oil  per  solid  yard  ...    1.46  0.96  103        " -7 

•  °»i   i" '   solid  yard  -  (G  I 

Seven  shovels  are   regularly   used   for  loading  the  broken 

material       They    aiv    all    the    BUCVTUS    Co.    Model    88    C,    which 

1  indard  nuchini  ed  for  such  work.    They  weigh 

103  ions,  arc  equipped  with  3.5  yd  dippers  and  locomotive 
boilers.     The  maximum   lift   Is  about  76,000  lb. 

Due   to  the  hard   ground   and   the  high   banks,  considerable 

damage  was  dome  to  the  m frames,  bo  all  bail  to  be  rein- 

torced  over  tin-  front  truck  Vlso,  tin-  size  of  the  A-frame 
logs  was  increased  fron  6  to  ;  in.  it  is  proposed  in  the 
future  to  equip  all  shovels  with  locomotive-type  superb.  . 

In     starting    a     largo    shovel     job.     heavy     costs    are    to    be 

expected  whUe  building  up  an  organization;  in  this  case, 
the  troubles  are  Increased  by  tlo-  Bhape  ol  the  bill  and  the 
difficulties  of  getting  tlo-  flrsl  benche  removed.  The  follow- 
ing tabb-  gives  the  numbei  ,,f  solid  cubic  yards  moved  per 
man-shift    and    the   labor   costs    per   yard: 

Solid  yards  moved  per  n  7.84       m'V'i 

'  '•-'  l,er  s"1"1  vsrd    laboi  < 

The  following  tabi.  ii,.  average  yearly  cost  per 
solid   yard: 

,,        ,  191*         1919.  1920  l'i21 

Breaking  ground  ..                                  .   JC  10.214  10171 

Steam   shovels  0  23 Bl  0.167  0  13ft 

Haulage  .  xpena  0  333      0  ;•:::• 

Dump  .Mi.  us.  .,1  ,,1 ;;,  0.O8I  0023 

Mlscellaneoui    •  0.O08      0.008  0027  0  016 

Total  0.974       0.698  fl.68.1  O^W 

Month!)    laboi    bonus   .  1 4  .,  02S 

Total,  direct  .  0  91  1      "  708 

The  improvements  in  costs  and  increase  in  efficiency  are 
due  both  to  improvi  in.  ut  in  the  physical  condition  of  the 
ground  bandied  and  tin-  development  of  a  good  working 
organization.  The  paramount  factor  in  an  organization  is 
efficient  co-operation.  Tin  spirit  of  co-operation  and  the 
incentive  to  efficiency  have  been  given  the  foremen,  bosses, 
and  men  by  the  posting  of  graphic  charts  giving  the  daily 
lost  and  labor  efficiencies  in  all  departments.  Another 
factor  is  the  labor  bonus  based  on  the  yardage  per  man  shift 
whereby   every   employe   benefits  on  a  percentage   basis. 


Railroad   Betterments  in   1922 
1  Editorial    in    si.    Louis    fi  •      Feb     1-  I 

The  Frisco  Railroad  has  appropriated  $7,766,000  for  per- 
manent improvements  this  year  on  right-of-way  and  tor 
motive  power  and  other  rolling  -took.  Such  plans  have  an 
oxaggerated  interest  just  now.  They  indicate  that  the  rail- 
roads are  gradually  coming  back  into  market  both  for  labor 
and  lor  materials.  A  primal")  influence  will  be  exerted  on 
unemployment  conditio"-  bi  cause  of  the  increased  forces 
working  directly  under  the  railroad  managements  and  a  sec- 
ondary influence  will  be  found  in  the  pay  rolls  of  establish 
ments  engaged  in  the  manufacture  of  railroad  supplies  of 
various  kinds,  whose  all  a  ill  be  stimulated  by  tin-  Im- 
provement programs  The  Santa  Pe  is  another  railroad 
which  has  announced  Improvement  projects  of  magnitude  tor 
ear.     The  total  to   Ii,-   laid   out    by    this   great    Bystem    is 

0,000,  continuing    ten!   policj   ol  betterments  on 

which  $35,000,000  was  1  cpended  even  during  tin-  past  rather 
unsatisfactory  year. 

Ii'-tailed  plans  show    thai    th,-  Santa   !•'.■   will  devote  $1,400, 
000  to  building  a  new   branch  line  running  wist  from  Santanta 
in   Kansas.     It   will   not    be   a    very   long   branch  line,  only   :..", 
miles,  but  new  construction  has  been  attempted  so  seldom  in 
recent  years  that  the  Item  has  signficance.     In  Arizona, 
ond   track   will   be   built   for  a   distance  of   75   miles   bet 
Yampai   and  Crifliths.  .,11   which   the   grade   will   be  cut 
95  to  75  ft.  per  mile.     The  motive  In   many  costly  |m] 
imnt-    of    similar    nature    executed    bj     railroads    In    the    past 
or    planned    for   the    future    is    shown    In    the    statement    that    ■ 
saving  of  $50,000  a  |  ted  to  result  from  this  grade 

reduction.    For  new  equipment  the  road  will  spend  $s.oim. 

and  $533,633  will  go  to  meet  tax  assessments  for  Improve 
ments  made  by  public  authorities,  an  item  not  commonly 
thought  of  when  railroad  outgo  is  figured. 


National  Construction  Conference.— A  national  construction 
conference  will  be  held  at  the  Drake  Hotel,  Chicago.  April 
3-6,   under   the   auspices    Of   the   National    Federation   ol 
structlon   industries. 


Engineering   and  Contracting  for   March    /.">,    ins; 
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Should     Cost     of     Tie     Treating     be 
Charged   to  Maintenance?* 

Bj    KARI,  STIMSON, 
Chlet    Engineer   Maintenance,    Ball  R     r 

The  degree  of  a  railway's  purchasing  power  depends  on 
the  funds  available  rhese  tunds  could  b<  obtained  in  two 
ways:  either  from  moneys  earned  or  from  moneys  borrowed. 
Which  of  these  ways  is  the  more  desirable  from  the  railroad 
standpoint  depends  upon  the  degree  of  prosperity  of  the 
road  or  the  state  ol  its  credit.  If  the  eari  n  ire  large  It 
is  desirable  to  put  a  portion  back  into  the  property;  and  in 
what  better  way  than  to  invest  in  treatment  tor  prolonging 
the  life  of  ties?    If  the  earnings  are  low,  resort  to  capitalizing 

of  the  excess  cost  of  the   ties   due   to  the  treatment    would  be 
a  means  of  meeting  the  expense.     The  road  of  low  earning 
power  would  likely  have  poor  credit,  and  consequently  dilti- 
cult]   in  securing  the  necessary  funds. 
The  manner  of  providing   for  this   expense,    however,   has 

i en   prescribed   by   the   interstate  Commerci    Commission. 

Under  Account  No.  8 — Ties,  of  the  Classification  of  Invest- 
ment in  Road  and  Equipment,  Issue  of  1914,"  we  find  in  this 
connection,  mention  made  only  to  include  "the  excess  cost 
of  metal  ties  used  in  repairs  of  track  over  the  cost  to  replace 
in  kind  wooden  ties  removed  "Under  Account  No.  LM-.  Ties 
Classification  of  Operating  Revenue  and  Operating  Expenses 
of  Steam  Roads.  Issue  of  1914,  we  find:  "This  account  shall 
include  the  cost  of  cross,  switch,  bridge  and  other  track  ties 
used  in  the  repairs  of  tracks."  Note  "B"  under  this 
states  that,  "The  excess  cost  of  metal  ties  applied  in  the 
place  of  wooden  ties  over  the  cost  at  prices  of  replacing  in 
kind  the  wooden  ties  removed  shall  be  charged  to  road  and 
equipment  account   No.  8,  Ties." 

While  no  specific  mention  is  made  of  treated  ties,  it  is 
plainly  evident  that  the  commission  does  not  consider  the 
treatment  of  ties  a  "betterment"  in  the  sense  in  which  that 
word  is  defined  by  the  commission.  Such  definition  is  given 
as:  "Betterments  are  improvements  of  existing  i 
through  the  substitution  of  superior  parts  for  inferior  parts 
retired,  such  as  the  substitution  of  steel-tired  wheels  for 
cast  wheels  under  equipment,  the  application  of  heavier  rail 
in  tracks,  and  the  strengthening  of  bridges  by  the  substitution 
of  heavier  members.  The  cost  chargeable  to  the  accounts 
of  this  classification  is  the  excess  cost  of  new  parts  over  the 
cost  at  current  prices  of  new  parts  of  the  kind  retired." 

The  argument  may  be  put  forth  that  if  the  substitution  of 
a  metal  tie  for  a  wooden  tie  is  a  betterment,  that  is  the  sub- 
stitution of  a  superior  part  for  an  inferior  part,  why  not  the 
substitution  of  a  wooden  tie  which  has  had  the  length  of  its 
serviceability  increased  by  chemical  treatment  Tin:,  may 
he  answered  by  stating  that  there  is  no  reason  why  the  treat- 
ment should  not  be  classed  as  a  betterment,  for  the  treat- 
ment undoubtedly  makes  the  treated  tie  superior  to  the 
untreated  tie,  as  far,  at  least,  as  its  life,  as  measured  by  its 
resistance  to  decay,  is  concerned.  On  the  other  hand,  it 
may  be  answered  that  there  is  sufficient  reason  why  the 
treatment  should  not  be  classed  as  a  betterment.  In  the 
case  of  the  metal  tie  substituted  for  a  wooden  tie.  there  is 
unquestionably  a  substitution  of  a  superior  part  for  an  infe- 
rior part,  as  the  tie  is  made  of  a  radically  different  and  struc- 
turally superior  material. 

The  commission  evidently  considers  a  wooden  tie  to  be  a 
wooden  tie.  whether  of  soft  or  hard  wood,  whether  untreated 
or  treated.  A  wooden  tie,  structurally,  is  no  better  after 
treatment.  It  will  carry  no  greater  load  and  will  not  better 
Hold  the  spikes.  Under  severe  usage  it  will  no  better  resist 
rail  and  spike  cutting,  and  other  forms  of  mechanical  wear, 
unless  specially  protected  with  tie  plates  and  screw  spikes 
at  considerably  additional  expense.  Under  verv  severe  usage 
the  treated  tie  is  destroyed  as  quickly  as  the  untreated  tie. 
The  increase  in  the  length  of  life  of  the  treated  tie  is  the 
only  point  upon  which  its  superiority  can  be  based.  The  same 
point  can  be  raised  in  favor  of  the  white  oak  or  long  leaf 
vellow  pine  tie,  substituted  for  a  red  oak  or  short  leaf  pine  tie. 
There  are  many  kinds  of  treatment,  varving  widely  in 
cost  and  effectiveness,  the  effectiveness  not  always  being 
in  direct  ratio  to  the  costs.  The  effectiveness  of  treatments 
varies  also  w.th  the  kind  of  wood.     It  is  difficult,  after  a  few 
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years,  to  Identify  a  tie  that  is  being  removed  from  the  track. 
as  a  treated  or  untreated  tie;  and  if  the  former,  the  process 
ol  treatment  used,  unless  a  very  elaborate  record  and  meth- 
od of  marking  for  Identification  be  initiated  concurrent  with 
the  authority   to  charge  the  cost  of  treatment  to  investment 

in    load;    that    is,    to   capital    account        Otherwise    it    would    be 

Impossible  to  accurately  separate  the  charges, 

The  rapid  rise  in  the  price  of  timber  has  increased  the 
(nice  of  the  tie  in  much  greater  proportion  than  the  cost  of 
treatment  lias  increased.  Less  expenshe  treatments,  that 
have  been  found  adequate,  are  being  used  more  and 'more 
in  place  of  the  more  expensive  treatments  formerly  consid- 
ered  necessary.     The   result  has    1 n   thai    the    ratio   ol    thi 

cost  of  treatment  to  the  price  of  the  tie  has  greatly  decreased, 
making  the  use  of  treatment  not  only  show  greater  econo- 
mies,  but   also   reducing   the    proportion    the   excess   cost  of 

treat nt    hears   to   the   total   cost   of   the   treated   tie.     This 

should  in  itself  stimulate  the  use  of  treated  ties  and  not 
make  necessary  resorting  to  the  doubtful  expedient  of  cap- 
italizing. 

The  steady  increase  in  the  use  of  treated  ties,  until  now 
a  large  percentage  of  ties  used  are  treated,  rather  nullifies 
the  idea  that  the  present  method  of  charging  out  the  cost  of 
treatment  to  maintenance  is  preventing  a  more  liberal  use 
of  treated  ties.  Nor  does  it  appear  thai  the  charging  to 
investment  in  road,  that  is  capitalizing,  the  excess  of  the 
metal  tie  has  brought  about  the  extensive  use  of  that  tie 
or  made  it  even  a  competitor  of  the  treated  tie.  Millions' 
of  treated  ties  are  used  to  thousands  of  metal  ties. 

The  writer  has  treated  this  subject,  not  from  the  stand- 
point  of  the   accountant   or    the    financier,    but    rather    from 

the   more    lowly    standpoint,    i.    e..    nearer    the    groun the 

maintenance  engineer.  He  has  chcerfullv  taken  into  his 
maintenance  costs  the  expense  of  treating  to  date  some 
1 -.0110,0(10  ties.  He  is  even  now  reaping  to  no  inconsiderable 
extent  the  full  benefits  of  the  price  paid  He  is  not  and 
will  not  be  compelled  throughout  all  time  to  give  up  some 
portion  of  those  benefits  in  payment  of  interest  charges  or 
in  other  words,  to  pay  tribute  to  capitalizing.  The  writer 
favors  the  present  practice  of  charging  the  cost  of  treating 
ties  to  maintenance. 
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New  York's  Terminal  Projects 

By  a  final  approval  late  in  February  of  the  Port  of  x,,, 
York  project,  the  states  of  New  York  and  New  Jersey  have 
given  the  last  necessary  authority  for  the  development  of 
the  port,  freed  from  the  hampering  restriction  of  state  boun- 
dary lines.  The  city  of  New  York  has  also  been  ordered  by 
the  legislature  to  construct  a  tunnel  under  The  Narrows 
thus  connecting  the  boroughs  of  Brooklyn  and  Richmond' 
and    providing   certain    improved    railway    terminal    facilities' 

The  Port  of  New  York  authority  is  pushing  the  bi-state 
project,  and  the  Board  of  Estimate  and  Apportionment  of 
•New  York  City  is  urging  the  carrying  out  of  The  Narrows 
tunnel  scheme,  with  its  associated  developments.  The  cost- 
liness of  either  project  makes  it  improbable  that  more  than 
one  of  them  will  be  undertaken  and  the  controversies  over 
their  respective  merits   have   developed  some  acrimony 

„,  ,  r  JTl  her„0owith  a  maD  taken  fr°>»  a  Progress  report 
published  Jan.  23,  1922,  by  the  Board  of  Estimate  and  Ap- 
portionment, and  showing  roughly  the  location  and  some 
features  of  each  route.  Perhaps  the  most  striking  feature 
of  the  map  is  the  large  portion  of  the  outer  belt  line  which 
is  common  to  both  projects.  The  port  project,  however,  does 
not  call  for  the  immediate  completion  of  this  belt,  but  leaves 
it  largely  for  future  development  as  needed.  For  the  im- 
"11  Jj?tUTe  the  Port  Authority  would  use  what  it  terms 
the  middle  belt  line,"  of  which  17.1  miles,  including  a  tunnel 
under  T  pper  Bay,  is  on  its  initial  construction  program 

The  length  of  the  Port  Authority  tunnel  would  be  24  290 
ft.,  and  the  length  of  the  city's  tunnel  22,750  ft  The  maxi- 
mum grades  would  be  1.6  per  cent  for  the  Port  tunnel  and 
-.0  per  cent  for  the  City  tunnel.  The  Port  Authority's  esti- 
mate of  the  cost  of  its  17.1  miles  of  belt  line,  including  the 
tunnel,  is  $65,000,000.  The  City's  engineer's  estimate  of  the 
tw.o  miles  of  belt  line  and  tunnel  called  for  by  the  City's 
plan    is    $93,000,000. 

The  New  York  City  plan  requires  -that  a  large  part  of  the 
development  be  undertaken  and  financed  by  the  railroads 
and  this  a  majority  of  the  roads  have  refused  to  do  on 
the  ground  that  the  project  is  less  economic  than  the  further 
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pment    ol    present   facilities      The   tunnel   and   • 
other  features   would   be   financed   bj    the   cits     presumablj 
to    considerable    advantage    because    "i    the    city's    favored 
position  as  a  borrower.    The  Port  project  would  have  to  be 
financed  independently  and  the  cost  of  th<    hinds  might   be 

■  than  to  tli>'  city.    The  City's  project   provides   tor  a 

rd  an  States  Island  I  Boi  ough  ot  Richmond  i 
in  winch  freight  arriving  over  the  various  trunk  hues  would 
be  made  up  in  trains  tor  Bnal  destinations  about  the  porl 
Proponents   ot  this   plan  claim   that    special   break-up   yards 

■  ii  trunk  line  are  unnecesBarj      The  Port   Authority's 
•  : leu   is   ihat    break-up   >;mis   are   necessary,  and   that 

such  yards  sufficient  for  present   purposes  alreadj   exist  out 


Map   Showing   Narrows   Tunnel  and   Port   Authority   Routes  of   New 
York   Terminal   Railways. 

the  congested  ana  in  New  Jersey.    The  location  ol 
yards   appears   on   the   map. 

Tie-    chief    function    of    the    outer    belt    line    is    to    by-pass 

freight    around    the    congested    industrial    districts    in    New 

I  the  city's  plan  say  that  while  it  provides 

■    .    greatl; 

Impro  terminal    facilities     particularly    tor    Man 

hattan   Island.     Critics  of  the   Port   project   say   0 

It   line  is  a  serious 
long   tunnel   under    the    bay    invoh 
s   of  expense  over   The    Narrows   tunnel; 
ill   add   to.   rathi  r   than    reduce,   tip-  con- 
rays  by 
draw    bridges    will    present   constant  delays    and    other    diffi- 
:    and    that   Staten    Island,    with    all    its    natural 
.  will  he  left  on  a  stub  end  with  entirely   Inadequate 

with  the  reM  City's 

ild  be  noted,   provides   f":    tb 
by   tunnels   or   by    high    bridges      Tin-    Important 
ini         coi     d      I       mphasized 
r  the  city.    Radical  differences  in  the  two  pro 

lly    significant    economic 
■  ii         i'  ■  to   1  bat 


Portland    Cement    Output    in    January.- Tie-    production    of 

ological 
■  bbl.     The   shipments    totaled 

I    the    amount    in    stock    at    the 

0    hid 


-     Selling  Engineering  Service 

A  |  Discussion    of    a    Paper    on    the    Above 

Subject  by  Paul  E.  Green,  Published  in 

Engineering-Contracting  Feb.  22,  1922 

Bj     \i:  I      I   R    M     SHAW, 
i  '"iiMihih.:   Em     •  •       Mi  »   i  irleans,   l... 

This  should  be  a  live   subject   with  all  engineers,  whether 
thej   in- salaried  employee  01   In  business  tor  themselvi 

ed  the  attention,  or  at  least,  tie 
01   ideas  which  its  Importance  justifies. 

Elver]   day  we  are  becoming   mon  d    (and  prop- 

erly  bo)   bj    variou  ethics  and  there  is  no  lack  of 

discussions  as  to  what  steps  an  engineer  may  not  take  in 
his  efforts  to  bring  in  new  business  Many  individuals  and 
linns  of  extended  experience  have  develoi  it    meth- 

ods tor  handling  the  various  details  ot  their  business  but 
they  have  not  usuallj  been  ready  to  make  available  for 
others,   the   intimate  detail-   of  theii 

done  so  generouslj  h>  the  author  of  the  paper  under  dis- 
•i  The  idea-  presented  bj  him  are  ot  Bpecial  value 
as  they  obviously  have  bei  drawn  from  a  personal  experi- 
ence which  may  he  considered  as  representative  ol  a  large 
number  of  engineers  who  left  salaried  positions  to  open  busl- 
nesses  of  their  own 

While  the  experienci  ol  the  author  tallies  \..M  closely 
with  my  own  so  far  as  h  reiat.-s  to  efforts  of  the  going 
.  one,  i  ii  t.i  secure  new  business,  a  suitable  combination  of 
circumstances  may  make  the  change  to  an  Independent  busi- 
ness possible  without  the  i  omparatively  large  margin  ot 
capital  mentioned.  To  draw  from  my  own  experience,  the 
transition  was  made  quite  painlessly,  owing  to  the  tact  that 
I  was  able  to  "taper  off"  gradually  from  a  rather  important 
position.  As  the  work  drew  to  a  close,  the  salary  v 
duced  but  I  was  given  a  i  onsiderable  amount  of  tn  i 
to  work  up  new  business.  This  arrangement  continued  for 
ir,  followed  by  another  year  of  still  further  reduction 
of  salary  with  a  corresponding  increase  in  amount  of  free 
time.  This  gave  me  an  opportunity  to  go  after  other  work. 
at  the  same  time  leaving  me  practically  enough  for  ai 
sary    expenses.     The   cb  not    mad.'    without   some 

periods   of  anxiety  as   to   the   final   outcome   but   the   method 
u  so  satisfactory  that  it  is  recommended  to  others  who 
may  have  an  opportunity   to  gi\e  it  a  trial. 

There   is   one   class   ol    work    which    is   especially    suited   to 
men  who  ha\e  the  propi         perience  and  training  and  who 

are    just    starting    in    bu  I  Ives.      This    is    the 

furnishing  of  advice  and  eng  rvice   to  small   rail- 

way  companies,   publii        rvii  i  ter  con- 

problems  but   the  size  of 

which    does   not    warrant    the   employment    of   a    first    class 

engineering  timi       A   connection   can   be   made 

lUch    interests   which    will   make    it    possible   to   give    to 

them    a    higher   grai  than    they    could 

I   to  employ  as  a  full   time  part   of  their  regular 
aiion.      The   writer   finds    that    a    most    satisfactory    plan   In- 
cludes the  payment  ol   a   moderately  small  monthly  retainer 
fee  to  cover  ordinary  consultation,  periodical  Inspections  ami 
routin  made    tor    special 

es,    field    surveys,    etc.,    though    such    client 

consideration    In    thi       'ale   of   prici  -    they 

an'   Mi,       bread   ami   butti  frequently   may   be  de- 

pended on  to  carry  the  office  through  a  dull  period. 

paper    under   discussion    and    tin-    foregoing   comments 

apply  particularly  to  tie    business  "t  the  practicing  engineei 

but    the    win  '.erd-    should    !"■    added    fo; 

Hi,-  benefit   of  the-'  ofession  who  have 

o  make  apple  atii  posit  Ions.     The  follow- 

of  an  experience  of  over  30  years.     During 

ihe  first  hall  ot  paper  were  used,  much 

postage  wasted  and  man;   trip    taken  to  secure  either  a  DO 

.ii.     Following  tie-  law  of  compensation,  the  latet 

Mars   have  brought    in  qua]   amount    of   paper  in 

Orm    Ol    applications    Horn    oth( 

I'm    •  I    brevlt]    much   ot    the   following    wil 

laieil    in    the    arbitrate    form    of   rubs    though    they    -boiihl    be 

followed  only  until  some  better  method  is  discovered  tot 
ti ansmittlng   to   ■<  ■  mplo] i  r   tie     id 

-  ■        the  "ime  atni  only"  candidate  to  be  considered 
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in  forming  your  application,  pul  yoursell  in  the  other 
fellow's  place,  This  will  give  you  something  ol  his  point 
of  view  and  thus  gh <■  you  a  clue  as  to  thi  class  "i  data 
which  you  should  present  and  the  form  in  which  it  Bhould 
be  presented.  you  »iii  realize  that  he  will  be  particularly 
interested  In  your  Btness  for  the  position  as  .  tidenced  prln- 
cipallj  by  your  technical  training,  experience  in  similar  lines, 
capacity  tor  work,  age,  physical  fitness  and  ability  to 
along"  with  employers  and  fellow  employes.  Assuming  that 
your  own  time  and  also  the  patience  oi  the  i 
you  are  writing  are  both  unlimited,  you  maj  feel  that  you 
can  convey  all  this  in  a  letter  of  not  more  than  10  or  12 
pages,  but  this  assumption  as  to  the  latter  is  11  .        1  (k 

problem   then   becomes:      How   shall   1   convi  ssential 

details  in   the  shortest  form?" 

Having  put  yourself  in  the  other  fellow's  place,"  you 
will  get  the  idea  that  he  is  a  busy  man.  therefore  in  brief; 
that  as  he  has  a  position  to  fill,  he  will  he  int. 
you  have  to  offer,  therefore  be  clear;  that  he  is  an  engineer, 
or  at  least  is  familiar  with  engineering  methods.  .md  there 
fore  will  appreciate  the  fact  that  tabulation  is  the  most  con- 
lent  form  tor  the  presentation  of  data  which  v\\\  lend 
itself  to  that    form  of  eomposition. 

With  the  foregoing  in  view,  make  your  application   in   the 
form   of   a    short,    personal    letter.      If    you    kim 
the   official  charged   with   the   duty    of  selection   of  ih-u    men. 
address    him    by    name,    hut    using   his   title   also.      Thi 
not   apply  lo  Government  officials,  particularly  army    ol 
Such   applications   should   be   made   to   the   office   and       it 
the  individual. 

Confine  your  letter  to  one  page,  preferably  to  half  a  page. 

Accompany   the   letter  with   a   tabulated   statement    0 
technical    training    and    experience    and    other    data 
would  ordinarily  be  required  in  filling  out  application  blanks. 
When   blanks    are    furnished,    fill    them    out    as    directi  d 

I s  furnished  are  inadequate  for  putting  down  da 

sidered  essential,  use  an  extra  sheet,  making  cross  reference 
in  the  space  designed  for  the  special  information 

The  letter  should  he  an  "original."  written  for  the  sp. 
purpose,  but   clear  carbon  copies  of  the  tabulated  matte,-  are 
suitable. 

Ordinarily  letters  of  recommendations  should  not  be   sent 
with    an    initial    application    for   emplovment,    thougli    - 
may  be  sent  with  subsequent  correspondence  if  negotiations 
are    opened.      Never    send    originals    unless    specifically    re- 
quested and  then  only  with  definite  assurance  of  theii 
return.     (This  last  point  has  been  brought  out  so  many  limes 
by  other  writers  that  it  would   not   have   been   included    had 
I  not  received  an  application  only  a  few  months  ago  t] 
young   engineer    who    not    only    mailed    me    six    servic* 
other  original  letters  but  his  original  army  discharge  , 
I  hese  were  all  returned  under  registered  mail  with  some  good 

e  wh.ch  it  is  hoped  was  received  in  the  spirit  in 
it   was  offered.) 

Use  standard  letter  size  for  all  papers  (8%  by  11  or  8  by 
1"  i).  Most  business  houses  use  the  larger  size  while  the 
Government  offices  use  the  smaller 

The  following  is  submitted  as  being  in  good  form  as  a 
letter  ot  application  but  m  1  , used  as  a  ..,,orm  L„. 

Mr.  John    Smith:1.'',;,;:;-''',:';,".,^.;:.:  Columbus,  Ohio.  M;  • 
X..  v.  &  z.  1:    1; 
Dear   qir711iavS-Ch!e?n  &Ve"  Chicag°,  III. 
Contracting  aSS^?  tSSaSS^^JS!^  ?f   "^'neeriu 
of  a  two  hundred  mile  ,  v  e,  «  r  contemplating  0  • 

rT^^"oSlESf-  ra»i  sa 

address  at  Sv  timP  ™?.£ays.,.notlce'  Can  be  reached  at  the  above 
manent  address V^rS™1?  the  nText  two  m°"ths  though  mv  per- 
Xenia "  Ohio  James  Jones  Hardware  Co.,   17  Main  St., 

Per1encleChet1c.iS   a   brief   stiJtement   °f   my   technical  .training.    ex- 
Tours  very  trulv. 

T«*h.,l...l     -r       •     ■  JAMES   JON] 

t~~         T  lechnical    Trammq    and    ExDerienre 

t£3£3&r-*z  **>&.        ft* 

Age.  29  years.     Nationality.  American.     Unmarried. 
Schools. 
T?19adnatS?  from  High   Sch001'   Xenia.  Ohio. 
Sneering.  E'   C0U1'se  at   X   University-Degree   B.    S.    in   En- 

Experience. 


f-191  Rodman  and   levelman   E  — ,   E &  G 

«     R-.    Memphis    Division.     Track    maintenanci      location   ol    short 
branch  ruction   ol    uidustrj    tracks,   eti        Mi     .1 

" — ; •   I'iMsion   Engineer      i;.sini.,i   1,,  accept    betl sltion. 

11-1814  to  10-1916    rransltman  for  three  mom 1  latei    ' 

Engineer  for  the  A.  B.  Chen  at  In   full 

'  ■"     ■    ■■'    -■"    ! 1   hi:    construction,   track 

11-1916   i"   G   191'      Rei  1 1  lent  Manager  oi    il   Works 

•'      I' I  ■     •    ,1,   ,|        1    ,.!,    ,       1, 

sponsible    supervision.    J780.000.00.      Resigned    in      line    to 

.  niist   111  thi     \  -  mj 

6-1917   in   10-1918— Private,   Corporal,    Sergeant    and    1st    Si 
1      S    Engineers,     Sent  ovei   eai    In  February,   191        1  1 dly  en- 
gaged in  road  construction   immediatelj    in  reai   ol   Frem 

L9i?,*0,§"i,',J£r1"t  Lt  x   '  '  "     orable  DIs- 

hai  ge  Feb.  IS,  1919. 

1-1919  to  6-1  121     Engineer  in  charge  of  local  ind  con- 

11   Of  track,    bridges,   etc.,    P,   &   Q.    Int.  , 

running   from to  ,  total  length  11 

done  under  my  responsible  aireei  ■        i.ine  pui 

•  based  by  a  largi  1  sj   tem  In  June,  191  1   and  mj  poi  ition  abi 

ll-IHL'l   to  1l.11.        \  1 ,,  ,,, 

The  A.  &  R.  Sales  1  lompany. 

References. 
Employers. 

Mr.  ,  Asst.  Engineer,  A.  B.  &  C.  itv..  Troy    v    Y 

Mr.  -     ,  Div.  Engr.,  E.  P.  &  G.  R.  R..    u.  mphii     Tenn. 

\  Ice  Pres.,  A.  B.  &  C.  Chemical  Works, Wall 


St.,   N.   Y. 


Ol 

Mi- 
Mi 


Ft.   Sam  Houston,  Pan  Antonio,  Texas. 

Former  Pres.  P.  &  Q.  Elee,  Ry., ind 

U-en'l  Sales  Mgr.,   The  A.  &   R.   Sales  Co 


General. 
I'n  s    Union  Trust  &  Savings  Bank.  Xenla,  Ohio, 
l'rof.   - — — ,    Dean   of   Collegi     ol    Teehnologj      K   Ui 


Attorney,   Kenia.  Ohio. 
Front    SI .,    Memph 

,  Signed)  


Il  you  are  so  fortunate  as  to  receive  an  encouraging  replj 
to  an  inquiry  for  a  position,  do  not  be  so  hasty  with  your 
reply  that  it  will  cause  you  to  overlook  any  questions  which 
may  have  been  asked.  A  good  plan  is  to  write  down  a  first 
draft  in  pencil,  then  study  it  over,  comparing  with  the  letter 
which  you  have  received  to  make  sure  that  each  point  has 
been  covered  fully  and  clearly.  After  making  any  necessary 
corrections  or  additions,  re-write  in  ink  (or  with  typewriter). 
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A  Philosophy  for    Contractors 

Address    at    Annual     Dinner    Associated    General 
Contractors 
By   ARTHUR    S.    BENT. 
As   1  have  sat   here  looking  out  over  this  remarkable  gath- 
ering a   very   vivid  contrast  has  arisen   in  my  mind.     I   have 
been    picturing    to    myself    contractors'    meetings    of    earlier 
days  which  were  not  at  all  like  this  one.     They  were  usually 
secretly   held.      Their   spirit   was   selfish,   if   not    woi    e       The 
meeting  place   was  usually  a  box  car  or  the  back  room  of  a 
saloon.     (Possibly  the  picture  brightens  a  bit  for  you  there.) 
The  decoration-  were  not   like  these:   they  were  large  square 
boxes   of   sawdust   on   the  floor,   and   after  the    d 
over  you  wondered  why  they  were  put  there. 

The  interests  of  the  public,  however,  were  not  forgotten; 
they  were  given  the  most  solicitous  consideration  of  the 
same  sort  that  a  cannibal  gives  a  toothsome  missionary. 

There  was  no  spirit  of  brotherhood   and  on   and 

sympathy  such  as  we  have  here  tonight.  They  came  together 
because  the  strength  of  the  wolf  lies  in  the  pack.  There 
was  always  fear  and  cunning  and  distrust  in  their  hearts 
and  they  parted  to  plot  ways  for  double-crossing  each  other. 
Those  of  us  who  attended  those  early  day  meetings  never 
took  our  wives;  I  doubt  if  we  ever  spoke  ol  th  tn;  and  I 
have  been  wondering  as   I  sat  here  if  this  tn   our 

industry  isn't  fittingly  typified  and  in  large  part  explained 
by  their  gracious  presence  here  tonight.  When  a  man  takes 
a  good  woman  into  his  business  counsels,  be  has  right  then 
set  his  feet  in  the  pathway  to  success,  and  wh<  n 
dustry  like  ours  invites  its  women  to  be  pn  nt  at  Its  con- 
ventions, it  has  certainly  stepped  out  of  the  shadows  and 
into  the  light. 

I  wouldn't  be  understood  for  a  moment  as  raising  any 
question  as  to  whose  hand  it  is  that  has  always  rocked  our 
boat— I  mean  ruled  our  world.  The  only  difference  is  that 
now   we  are  proud   to  acknowledge  it. 

Practically  all  of  us  contractors  have  struggled  up  from 
small  beginnings  and  you  will  bear  me  out  when  1  say  that 
in  the  faith  and  sympathy  and  patience  of  our  wives,  our 
own  courage  and  hope  have  always  found  their  surest  anchor- 
age. We  welcome  the  presence  of  the  ladies  at  our  con- 
vention;   we  really  do  believe  that  this  new  era  in  our  in- 
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,lustr-.  •  d   b)    oui    women    i  artni  i  ■      And    1 

'hink  you  too  ma}   be  proud  «.f  the  partnership     There  ia  no 

,.  for  your  to    adlj   wonder  whj   your  has 

ouldn'l  just  as  well  have  taken   up  Borne   respectable 

buslnei 

The  industry    thai   we  repn    •  nol   alone 

the  one  hope  of  a  shattered  world  lying  almost  In  rums 
only  yest<  rdaj      Hen  may  fight  am 

lid  forever,  and  the  very  contlnultj    ol  life  Itsell   de 
.poii  construction 

.    beautiful    legend,    an    Impressive   one,    I 

I  thai  Its  origin  i-  lo  i     i  have  never  been  able 

to  discover  it.     It  goes  like  thla     Four  men   Btood   up  with 

hen  He  made  the  world  and  watched  with  wonder  as 

the  shimmering  sphere  Hung  from  to  I  On  •  i] 

found  its  place  in  the  shining  galas 

And  on<    ol  the  men  said.  "How    was  it  done?"      \tid  God 

;-,:     Qo,  find  out  toi  M  "    And  thai  man  wenl 

E     ll  litis! 
And   the   Becond   man   saiil.  What    is   it    for?"      And    to   him 

Id,  "Qo,  Bud  for  yourself"  And  he  wenl  and  became 
th<-   Philosopher, 

■  it  to  me,"  the  third  begged      And  to  him  Cod  said. 

it  tor  yourself."    Ami  he  went  and  became  the 
Business    Man 

The  fourth  said  nothing  but  fell  down  and  worshipped, 
and  God  said  to  him,  "You,  too,  shall  go  and  because  your  soul 
burns  within  you.  you  shall  create  beauty,"  and  that  man 
went  and  became  the  Artist 

Now  may  we  not,  reverentl)  and  not  unfittingly,  add  to 
noble  group  ol  Cod's  Journeymen  the  Constructor?    We  who 
■  i    always    have.    tii.     others?      We    who    have 
Btraightened   the   path'    for   tb<  We   without    whom 

their  high  destinies  could  not  be  wrought  out  and  bj  whom 
all   their    vi-ions   are   crystallized?      We    work    and    delve    for 

■  In  its  onward  march,  and  harness  its  magic  to  ways 
of  usefulness  The  bewildering  and  marvelous  structure 
through  which  Business  functions  is  the  work  of  our  hand-. 
Philosophy  leans  upon  us  heavily  to  demonstrate  its  theories 
of  life,  and  even  to  Art  we  givi  its  tools  and  makes  its 
dreams  of  beauty   imperishable. 

We  are  the  hands  through  which  nearly  all  of  human 
thought  and  all  of  material   pn  -  pressed.     Through 

our  highways  and  railway.,  and  lighting  and  heating  and  tem- 
■  d  schools  and  homes,  we  touch  all  life  intimately  and 
come  very  close  indeed  to  the  heart  of  humanity,  and  with  that 
vital  and  varied  contact  cornea  to  us  an  impressive  but  in- 
spirinr  responsibility.  It  is  given  to  us.  if  we  see  it  rightly. 
to  raise  the  standard  of  every  man's  service  by  the  fidelity 
of  our  own. 

ethical  achievement  ia  not  statistical.  W< 
tabulate  our  progrc  along  those  linea  Nevertheless,  I 
firmly  believe,  and  you  do  too.  that  it  will  be  our  real,  our 
most  profitable  progress  The  span  of  our  activities  is  not 
limited,  however,  to  our  own  present  interests.  We  are  try- 
ing to  make  contracting  a  finer  thing  for  those  who  will 
come  after  US.     Wl  lously  sowing  seeds  which  will 

be  harvested  by  those  whom  we  can  never  know.  Is  there 
any  finer  thing  in  life  than  that?  I  will  just  leave  with  you 
that  thought,  expressed  again  in  a  homely  little  poem  called 
The    Bridge    Builder. 

An   old   man.   traveling   a   lone    highway. 
Came    at    the    evening   cold   and    gray. 
To  a  chasm   vast   and   deep  and    wide 
The  old   man  crossed   in   the   twilight  dim, 

For  the   sulb-n   stream   held    no   fears   for   him, 
But   he  turned    when   he   reached   the   other  side 
And    bullded    a    bridge    to   span    the    tide. 
"Old   man."  cried   a   fellow    pilgrim    near, 

"You  are  wasting  your  strength  with  building  here 
■  journey  will  end  with  tie-  ending  da] 

And    you    never    again    will    pas      tin-     way 

You  :  the  chasm  deep  and  wide, 

Why   build    you    this    bridge    at    eventide?" 
And   the   builder  raised   his  old   grey   bead, 

od  friend,  on  the  path  i  have  come,"  he  said, 

'  There    followeth     after     no-     today 

way. 
This   stream,    which    b  naught    to    me, 

To  that   fair-haired    boy    may   a    pitfall 

'he    twilight    dun. 
1    am    building     thi-     bridge    for    him." 


Method  of  Measuring   Drill   Holes  in  Sub- 
marine  Blasting 

By   WALDEMAR   POI  ACK. 

In    drilling    on    lnaiu i     Reef,     Baal     Kiver.    .New     York,    a 

nme-saving  method  tot    measuring  the  depth  ot  the  lodes  has 

und     Tii.-  usual  method  has  been  to  tie  a  tape  to  the 

drill  rope  at  the  top  ol  I       casing,  then  lift  the  steel  out  of 

the   hole    until   Hie    top   ol    the    Stem    has    been    reached       The 
length    then   indicated   on    the    tape,   plus   the  stem,    plus   the 
bit   (which  last  i v. o  [tenia  are  constant  or  readilj    met 
when  the  stem  or  bit  have  been  changed)  would  !„■  the  dis- 
tance  from   the  top  of  the  casing    lo   the   rock       The   required 

depth  b   from  rock  to  mean  leu    water     To  obtain  tin.-,  the 
di  tame-    from   top   of  casing   to  deck    is   measured   as   also 


Drill    Boat    or 


id    Reef.    New    York. 


from    deck    '         ater,   and    then    the    tide   added 
e  two  item:   and  I  I  the  three  subtracted  from 

-t  total.  This  givi  -  the  depth  of  the  bole  below  mean 
low  water. 

Every  hour  it  was  customary  to  send  a  motor  boat  to  the 
tide  gauge  on  shore  to  read  the  tide.  At  times  the  tide  was 
estimated,  but,  due  to  unusual  conditions,  especially  of  wind, 
this  was  often  found  to  be  inaccurate.  To  overcome  the 
ity  of  sending  foi  -  tide  hourly,  it  was  sent  for 
once  and  a  gauge  put  on  the  spud,  but  it  was  found  that 
when  the  spud  engine  was  applied  to  it.  as  it  is  with  the 
rise  and  fall  of  the  tide,  the  spud  sank  in  the  soft  rock 
enough  to  make  an  appreciable  difference. 

The  method  employed  bj  tie  writer  is  this:  After  a  casing 
has  leen  driven  and  tie  hole  has  been  going  for  a  few  hours 
so  that  1  am  sure  it  is  in  solid  rock.  I  use  the  top  of  that 
rasing  as  a  bench  mark  As  the  casing  is  independent  of 
the  scow,  movement  of  it  does  not  affect  the  elevation  of 
the  casing.  I  send  for  the  tide  reading,  say  it  is  plus  1  - : 
measure  casing  to  deck  it  is  4.5;  deck  to  water.  3.7.  Total 
subtractive  element  to  mean  low   water  is  now   8.4.     I  know 

now  that  hour  to  hour  variations  Ot  the  tide  will  no! 
9.4.  To  find  subtractive  element  for  the  other  casing!  1  take 
only  the  distance  of  the  top  c  I  the  bench  mark  casing  to  tin- 
deck,  which  in  this  case  is  i",  So.  the  subtractive  element 
for  other  casings  is  9.4  minus  4.5  or  4.9  plus  their  casings  to 
deck.*  Thus  I  avoid  mi  asiiring  from  deck  to  water.  Next 
hour  the  9.4  still  hold--  good,  but  now  th,-  distance  from  casing 
to  deck  may  be  3.8.  In  this  case  subtractive  element  for  all 
the  casings  is  :<  1  mil  3  8  or  5.6  plus  individual  casing  to 
deck   measurements 

As  a  check  it  is  usual  al  the  end  of  about  six  hours,  to 
send  over  for  another  tide  gauge  reading.  The  writer  meas- 
ures casing  lo  deck,  and  deck  to  water.  In  this  case  it  may 
be  1  I  for  casing  and  3.0  for  the  water,  or  a  total  of  4.4. 
This  would  require  a  tide  of  plus  5  ft.  to  make  9.4  the  con- 
stant If  the  tide  is  4.9  or  5.1  (as  is  usually  the  case),  I 
am  posinv,.  of  .■very  intermediate  reading. 

The   saving  of  time   consists    in   eliminating   the   necessity 
n  ling  for  the  tide  reading  and  measuring  distance  from 
deck  to  water. 


Municipal   Street   Railway  Operation  at  Calgary.— Calgary's 
ii     municipal     Btreel     railway    carried     Is. 771.271     pas- 
n    average   of   65.2    per   car   hour.     Tie 

mated  revene  of  the  system  for  1922  is  1936,000  and  expend! 
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A    New    4-Cylinder    Unit    Power     Plant    for    Con- 
struction Operations 

A    4-cylinder    unit    power   plant,    ap  >r    light    and 

power  purposes  for  construction  camps,  am  >r  railroad  and 
bridge  construction,  and  for  other  purposes  where  an  inde- 
pendent power  plant  is  required,  has  been  placed  on  the 
market   by  The   Buda  Co.,  Chicago,   [11.     1  ■  agin 

of  the   heavy   duty   type.     The   cylinder    I  secun  ly 

fastened  by  alloy  steel  studs,  easily  ren  purposes 

of    inspection    or    cleaning    carbon    and    i        nding 
Pistons  are  of  the  four  ring  type,  having  rings  above 

the  wrist  pin  and  a  wiper  ring  below.  Con:,  ting  rod  forg- 
ings  are  chrome  vanadium  steel  carefully  ted       All 

crank  shaft  bearings  and  lower  connecting  earing 

heavy  bronze  back,  babbitt   lined,  securely  held 
retaining    screws.      The    valves    are    made    of    al  3ti  •  1    in 

one  piece  accurately  finished.  Valve  springs  are  of  the 
barrel  type,  self-centering,  which  eliminates  thrust  on  the 
valve  steins  Push  rod  assemblies  are  easily  r<  movable  with- 
out the  necessity  of  removing  valves  from  the  engine.  The 
crank  shaft  is  of  heavy  design,  made  from  spi  ii  I  to ruing 
quality  open  hearth  steel.  The  power  plant  is  furnished  in 
five  sizes,  ranging  from  20  to  51  B.  H.  P.  as  folio 

Pnit  Brake 

No.  i:  I'M 

J"     1.000  i.i  1.450 

.'.".     900  to  1.400  21   ' 

Sn»  to  24  tn  35 

i"     800  to  1.000  :'.l   to  40 

700  to   1  3S  ■ 

The   power   plant   will    be    furnished    for  direct    connection 
to  an   electric   generator,   or   with   friction   clutch   or   driving 


Buda   Unit   Power   Plant. 

pulley.     Direct  connected  to  electric  generator  the  sizes  and 
outputs  are: 


R.P.M. 

1.450 

1.200 

1. 


Alternating 
R.P.M. 


A  New  Engine  for  Operating  Construction 
Equipment 

A  new  gasoline  engine  of  the  4-cylinder,  ! -.  ycle  vertical 
type  designed  particularly  for  the  construction  field,  has 
been  brought  out  by  the  Novo  Engine  Co.  I-ansing.  Mich. 
These  engines  are  from  10  H.  P.  to  40  H.  P.  They  are  de- 
signed to  set  on  a  flat  foundation  like  other  industrial  en- 
gines. They  are  provided  with  a  substantial  base,  which 
forms  the  fuel  tank  and  lower  part  of  the  crank-case,  con- 
taining the  oil  pan.  The  bottom  of  the  base  is  planed  parallel 
to  the  center  of  the  crank-shaft.  This  new  series  of  engines 
will  be  known  as  the  Novo  Type  F  and  consists  of  Model  AF 
with  3%-in.  bore  and  5-in.  stroke;  Model  CF  with  4-in.  bore 
and  5H:-in.  stroke,  and  Model  EF  with  4% -in.  bore  and  6-in. 


Btroke.     The   Novo  Type    K  engines   .ire    somewhat    b  1 

than  the  tractor  or  truck  type  of  four-cylinder  engine.  They 
an-  slower  in  speed  and  have  heavier  crank-shafts  and  larger 
bearings.  In  short,  they  are  in  every  respect  made  .  x- 
clusively  for  use  with  industrial  equipment.  In  Model  AF 
the  cylinders  are  cast  en  bloc  with  the  upper  half  of  tin' 
crank-case;  in  Model  CF  the  cylinders  are  en  bloc  and 
bolted  to  the  crank-case,  and  the  cylinders  of  Model  EF  are 


Model   E.F.   Gasoline   Engine. 

cast    in    pairs   and    bolted    to    the    crank-case.      The 
weights,  etc..  of  the  three  models,  are  as  follows: 


speeds, 


Height 

Fly 

including 

w  heel 

radiati  r. 

Length. 

diameter 

Model 

sir. ike. 

Speed. 

Weight. 

In. 

In. 

In. 

IF 

.i',.\5 

S50-1. 

::4 

36 

17 

CF... 

4      x.-r 

::.'■-    ! 

1.100 

44 

43 

_ 

EF. . . 

4\M'. 

650-    S00 

1,500 

• 

News  Letter 

ST.    LOUIS    ITEMS. 

By    A.    B.    Koenig. 

Si    I>.-.iis  bad  the  best  old  time  contractors    convention  on  Feb. 
-'■   and  28   that   was  ever  known.     In  reality  it  wasn't  a  convention. 
but    a    congregation    of   all   the    prominent   railroad    contra.  • 
this   part  of  the  country   to  submit   bids   on    five  good-sized   steam 
shovel  jobs  to  be  let  by  the  Frisco  R.   R.  in  the  states  of  Missouri 
and   Kansas.     Grant  Smith  &  Co.  of  St.  Paul  came  under  thi 
n  four  of  them  in  Missouri.     The  Walsh  Construction 
port,    la.,    landed    the    job    between    Spring    Hill    and    Paola. 
Cans.     The  J.  W.  McMurrav  Contracting  Co    will  do  the  masonry 
and   concreting   on   tlvs   job.     James    Hedges    will   do   the   masonry 
and    concreting  on   the   Smith  jobs    in    Missouri.     Among    the    tirms 
.111.1    representatives   that   submitted    bids  and   attended   the   letting 

ced:  Grant  Smith  &  Co.,  Swan  Benson,  H.  H.  Hut 
.*..  Putnam.  St.  Paul:  The  Walsh  Const  Co.,  Tom  Walsh.  Hummer 
ECahl  Han  -S.  Terry.  .1.  F.  Iffn,-r.  Davenport.  la.:  1..  .1.  Smith 
'•"nst  Co.,  7.  C.  Mitchell,  Kansas  City:  .1  W.  McMurrav  Con- 
tra 1  ns  Co..  Roger  Faubion.  Kansas  City;  Jim  Hedges.  Spring- 
field: Ininn  &  McCarthy.  Jim  Dunn.  Pat  McCarthy,  P.  Strang. 
Fraxier  Pros..  Chicago;  Winston  Bros.  Co.,  W.  J.  Rohan.  Minne- 
Inc  Minneap.  is.  h,  xi.k  Marsch, 

h    A:    Stansell,    Memphis:    H.    F.    (Big)    Riley.    Clapp. 
Norstrom    &    Riley,    Chicago:    Russell    Condon.    Omaha:    Morris    & 
Dougherty,  Minneapolis;   List.  Gifford  &  Weatherly.   Kansas 
Reed  &   Lowe,   Charlotte,    N.   C      Ed.   White.   Kansas  City;   Charley 
Mars    all  and    I..    I     Viall.   Kansas  City,   and   all  the  St   Lou  - 

Everybody  enjoyed  themselves  and  there  were  more  rail- 
roads built  here  in  two  days  than  all  the  government  treasuries 
..f  the  world  will  be  able  to  finance. 

r.lan  landed  four  miles  of  state  road  work  near  Cali- 
fornia.  Mo. 

Scott  &  White  are  going  to  sublet  the  grading  on  their  Santa 
Fe  work  west  of  San  tan  ta,  Kans.  Will  do  the  balance  of  the  work 
themselves.  l*p  t<>  the  present  time  they  have  not  let  any  of  the 
gTading.  but  we  look  for  Al.  Gilliand.  W.  A.  Colt  &  Son  and  Jack 
•n  the  line. 
Contractors  intending  to  bid  on  any  of  the  Missouri  state  road 
work  coming  up  will  find  a  complete  list  of  work  to  be  let  on 
file  at  the  Koenig  Labor  Agency.  612  Walnut   S(      St.   Louis.  Mo. 

J.  L.  Simmons  dropped  ir  on  his  way  back  from  Florida.     Sim- 
mons has  a   l",-fara  outfit  idle  at  La  Plata.  Mo. 

Tbe  General  Contracting  Co..  357  W.   «rd   St..  Chicas       TIL.  has 

utfit  idle  that  they  can  Dlace  on  work  immediately. 
G.    V.    Cooper.    711    Grant   Court.    Davenport.    la.     wants   a    slip, 

suitable  for  a  6  to  14-team  outfit. 
.1    '..   Keller  got   in  on  six  miles  of  mad  work  in   Kiowa  County, 
Moving  his  headquarters   to   Sun    City.    Kans. 
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in  their  new  branch 

office  that  they  established  in  the  Men  ha  -  here 

.  a,   but    what   else   can   you 
lik.-    Swan    Benson,    II.    11.    Hunt    and 

work      in     Wars., 
outing  aroum  ""'  his 

, 

il 
•      rem 

. 

...     oil 

b     wini,     Rich.   Costello   is 
Smithland  Job 

I    team 

1 

A.  W.   Good  has  an  outfit  at  work  on  i  ameron,  J 

ami  Harlow  A.  Van  ey  ol  P   W.  King  &  Co.,  board- 

I 
is   linn   has   opened   a   branch    ofl 
with   Mr.   Varney   in   ch  i 

•    Hotel     Uton,   ill 

... 
I  i.i, 


■  proxl 

U       I-- 


Personals 

p    Heltani 

Health 
Hawthoi    • 

C      Bentl-, 


William   D.   Penc,  ,       .,  s;,it. 

•  ■     foi     the    H  road    and    Tax    t  ••minis*..,, 

eight  years  as   men  bi 

;  .     . 

Chicago      it.    n  ilize  In  railroad  and  public  utility 

■ .  ports 
an. I  ai  bil 


Obituaries 


John     Pogelberg,  ,.,,.,     0f    ,|;,.    north - 

.  ■!     .ilar.  i. 

railroad 
•nan   tin  b  warded,   covet  Ins    w  ,,i  k  ,,n 

the  St.  1      ,i   w  Innipi      n  s  let  to  Mr.  1 

su|..<.tvi  radlng    work 

1.111     HI.  .illids 

Charles    R.    Rockwood.  era   of    the    In 

ih  11  al   In-  home  In  Los    Vi 

•"    '  ■ '"   '  IMC!  an,l   entered    th. 

Southern   I'm  I  lie  C        In  e-cepted  a   position 

*«h   in.    L'nited   Stat.      •  ...   h,    ,  i,i.  red   the 

I  Irrigation  Co 

win,  I,    was    orgamz.-.l  lands    in    the 

Vakima   \all.v    in  ih.    stal     ol    Washington      In    December,   1914,   he 
'   ■'■  general  mai  .    imperial 

Carl   H.    Niemeyer, 
Marcl 
old    I' 

In    1900       In 

1916,    was    promoted    I 

Philadi  Iphia       M  \\  llllamspoi  I, 

.1     H.    Nlchol,   under  General   Supet 

Pi  nnsj  It  anla     dit  ;  eld    that     posil 

Capt.   Horace  G.   H.  T.m.  i    March   2 

ai    In-    home,    2619   Soutl  hia.     He   was   I    in    in 

'■'  nn     hi 

■•  .1    wild    his 

lughout   i  he  ••. 
constructed    the    EUdgewo,   I  ■>     works    In    Brooklyn,    \ 

a    lis    time.     Later   hi  i  iated    with    1 1 

n   of  us   plain       Thi  • 
ol   the   II     i:    v\    ■ '     ngton   Pump   v 

inn,      hi      Was 

ant    i  Chicago       \t    his 

death  he  was  w  ith  the  I:     1 1    Wood  I ',,    ol    I 


Industrial  Notes 

The  U.  S.  Cast  Iron  Pipe  &  Poundry  Co.  has  opened  a  ni  • 

,n    th,     liai.,:  trial    l:M|         i 

ol  :..  \\ 

E.   A.   Cahiii.  I,  mi,  i  manager  for   the  Co 

Co     and  .the  i  eel  Co.;  -at  I  iklahoma  i'u\ .  i  ikia  . 

>*  Ith    the   .I.i:  &    Foundrj    Co.,    where    he   «  ,11 

•  i  Ing    in    i. ■- 



The    Ball    Engine    Cc  . 
name  to  the  Erie  Steal  i  The  change  was  made  In  order 

to  provide  a  nan.,    mori  .    with  the  activities  ol   thi 

mat   N  Ba  •    power 

plant    use  was  i  ars  ago,  and   thi    compan) 

has  been  devoting  Its  >ital,  energ}   and  plant  capacity 

to   i  he    product  Ion    of   Ei  ho>  els   and    I motixe   i 

ment  or 
! 
[Sir.    and    Mrs.    Henry    Harnischfeger  left    on    Jan.    2! 
husini  ss    and    i  '■      ■  ■ .     trip    around    thi 

i '  n  ling  &  11. ii  - 
nischfegi  i   >  '••-.  Miiw  .  .  expect  to  go  to  Jap 

i     i  Ion  and   India,   up  throuf  I 
1  ,    return.     •  in   this   trip  they  will 

visit    the   various   bran.  \.w    ifork     In. ha.    Burma   and 

Corp.    ..f    which    Mr     llar- 

Hundreds    of    tons    of    Austin    machinery    will    shorl 
m..\ .    i  hrough  New  0 

municipal   ma  i 
Is,   I  .a, I  of  llu-  Austin   Mi 
poration  of  Louie  »een  in  Brazil  Forking 

price  of 

pal  im- 

eral  more 

mping  mi  the  ground   In  the  hope 

cvltl  probably 

The  Westlnghouse  Electric  &.   Manufacturing  Co.  has  announced 

branch    man 

ni tlon  with 

.  land      .1     Ati- 
dn  us.   Jr..   n  on.  Plttsbut 

iffici         ■  ,1    ,  ■      i  , 
Tayli  •  the  1  Bee.    R    Seybold 

ppolnti 

w 

... 
,      .  ■ 

.ii  ■     i  -i    office 

i.   Graham 
H.  C.  Hoi  man   In  th, 

Arthur  Whltecraft.  M.   E 

Penfield    3tei      Co..   \t  ith 
Mi     Whltecraft   was  f,,i   o   number  of 
im  Shovel  i  'ompanj     \m.r- 
'..  u    fork    Ci 

i   sin.,  rvlsion 

nits. 
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The  Deficiency  in  Construction  During 
the  Past  Eight  Years 

By  H    P.  GILLETTE  AND  J.  C.  BLACK.  Editors 

Although  much  luis  hern  written  about  the  deficiency  in 
construction  during  recent  years,  we  have  not  seen  any  quan- 
titative analysis  showing  the  total  deficiency  in  anj  class  of 
construction  other  than  buildings.  Table  1  herewith  shows 
a  total  of  $9,107,000,000  estimated  deficiency  in  the  three  fields 
Ol  railways,  public  works  and  buildings.  Other  deficiencies 
some  oi  them  very  large,  as  in  the  case  of  the  street  railways 
with  an  apparent  shortage  of  nearly  $2,000,000,000 — are 
omitted  from  the  estimate  because  of  a  lack  of  adequate  data 
upon  which  to  base  calculations.  Following  our  Civil  War 
there  was  an  abnormally  great  construction  era  for  about 
seven  years,  attributable  in  part  to  the  remarkable  extension 
of  our  railway  systems,  but  largely  to  the  subnormal  con- 
struction during  the  four  years  of  war.  Maj  we  not  now 
look  forward  to  a  similar  supernormal  volume  Of  '(instruc- 
tion, and.  if  so.  what  is  the  aggregate  deficiency  thai  musl 
be  made  up? 

Before  answering  the  latter  part  of  this  question  in  detail, 
it  may  be  well  to  call  attention  to  the  fact  that  annual  con- 
struction for  a  considerable  period  prior  to  the  World  War 
was  about  $3,100,000,000  distributed  as  follows: 

Buildings     $1.600, 

Railways  and  public   utility  companies 1  , ,000 

Public   works   (other   than   buildiimsi  ; .imhi.iniu 


___   Total  annual  construction (3,100, 1,00 

About  40  per  cent  of  the  building  cost  was  Eor  residences. 
Of  these  three  classes  of  construction,  public  works  is  the 
only  class  that  did  not  suffer  an  enormous  curtailment  dur- 
ing the  past  seven  years.  Public  works  were  greatly  re- 
duced in  all  lines  except  roads,  until  the  last  two  years;  but 
with  roads  included,  as  in  the  tables  here  presented,  the  net 
total  deficiency  is  not  conspicuous.     The  fact  that   even   the 


last  two  years'  construction,  when  reduced  to  prewar  price 
levels,  shoyvs  deficiencies  below  the  prewar  average  explodes 
the  theory  thai  the  tax  exempt  bonds  of  states  and  cities 
have  caused  national  extravagance  in  public  works  construc- 
tion. On  the  contrary,  when  allowance  is  made  for  an  in- 
i  rease  of  10  per  cent  in  population  during  the  past  seven 
years,  there  has  not  been  a  single  year  since  1915  that  shows 
a  per  capita  volume  of  public  works  construction  equal  to 
the  prewar  average. 

It  is  true  that  the  closing  months  of  1921  and  the  first  two 
months  of  1922  show  a  volume  of  state  and  city  bond  sales 
that  forecast  an  abnormally  large  construction  of  public 
works  in  1922;  but  the  wisdom  of  such  supernormal  con- 
struction should  be  apparent.  Herbert  Hoover  expressed, 
we  believe,  the  opinion  of  all  economic  students  when  he 
advocated  an  extensive  program  of  public  works  ((instruc- 
tion. Long  prior  to  his  public  utterances  on  this  subject  we 
had  published  many  editorials  advocating  this  policy,  for  it 
was  clear  to  us  that  the  public  should  lead  the  revival  of 
business,  and  that  this  could  best  be  accomplished  by  greatly 
increased  expenditures  for  public  works.  The  lower  part  of 
Table  V  shows  the  effect  of  propaganda  along  these  lines, 
for  there  we  see  that  the  total  of  state  and  municipal  long- 
term  bonds  sold  during  the  last  half  of  1921  totaled  more 
than  $900,000,000,  or  15  per  cent  more  than  were  sold  during 
rhe  entire  year  of  1920,  or  125  per  cent  more  than  were  -old 
during  the  corresponding  six  months  of  1920. 

This  achievement  augurs  well  for  public  works  construc- 
tion in  1922.  and  an  almost  equally  satisfactory  outlook  as 
to  residence  construction  is  now  assured.     But  quite  another 

TABLE  I—  SUMMARY  OF  EXPENniTrKK*  NECESSAR1  TO 
MAKE  UP  EXISTING  DEFICIEXCIICS  IN  CONSTRUCTION  OF 
BUILDINGS,    STEAM  RAILWAYS  AND  PUBLIC    WORKS. 

At  prewar         At  present 

„   price  levels. 

Buildings    J2.176.nnfi.nnn 

Railways   

Public    works g  i  | 


price  levels. 

■.,  .11(10,(1011 

4.947,000,000 

MI, 000. 000 

Tctal     $5,352,000,000     $9,107,000,000 
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I  in  tin-  st. -urn  Mini  electric  railway  field. 
While  those  fields  will  show  some  roust  nut  ion  Improvement 
in  l!':.  such  Improvements  will  remain  woefullj 

inadequate. 

\-    w  ill    In'   shown    in   •  ;  is    ;i    7-J  ear 

encj    In  construction  o(  the  Bteam   railways   that  totals 

ttOO, i  at  prewar  prlci  0  al    pi 

To   make   up   this   deflCienC}    would    require   a   super- 
normal annual  construction  of  -n  per  cenl  tor  10  years.    But 
i-  the  money  coming  from?    Elate  regulating  commis- 
,.i\i-.  in  so  many  instances,  beld  down  railway  rates  to 
such  a  low   level  that  capitalists  have  long  refused  to  invest 

adequate    amounts    in    new    railway     construction    and    equip 

meat;  and  there  is  no  Immedis  e  exercise  of 

Judgment   by   the  chief  railway   rate-fixing  body,  the 

Interstate  Commerce  Commission.     The  steam  railways  have 

financially  starved   tor   16  years,  and   it   will  require  a 

age  in  the  attitude  ol  rate  regulating  com- 

missions    toward    them    before    much    new    capital    will   enter 

•ins  enormous  field. 

What  Is  true  of  Bteam  railways  is  true  in  slightly  lesser  de- 
mly  of  electric  railways.     The  outlook  is  still  dismal  for 
that   big  Held,  hut  it  is  slowly  improving,  because  state  pub- 
lic utility  commissions   are  gradually   coming  to  realize  that 
an   not    continue   to   grow    much   in   area  unless 
irtation  facilities  are  Improved  very  greatly,  and  that 
Ultles  will  not  be  provided  until  an  adequate  re- 
turn is  granted  not  only  to  new   capital  that  enters  the  field 
but  to  the  old  capital  already  invested  there. 

Shortage    in    Railway    Construction. — Table    II    shows    that 
total  railway  construction  in  the  United  States  from  June  30, 
31,    1920  Million  dollars  less   than 

would  have  been  the  total  of  a  T'_  year  period  at  the  average 
annual  rate  of  construction  which  obtained  from  1903  to  1913, 
when  equated  to  the  index  or  price  level  of  1913. 

The  table  was  prepared  as  follows:  Investments  shown  in 
Column  B  for  the  years  1908  to  1920,  inclusive,  represent 
actual    property    investments    as    reported    to    the    Interstate 

■   VXCULATIONS  op  annual,  investments   in 

kaii.yvw    PROPERTY     \m.  Hi-   i.i:i-i.'ii:xi'ii:s    i:i:i,ow 
NORMAL   ON     I'lli:    BASIS    OF    1913    COSTS. 

imi      B,  C,  E  and  1  dollars 

B.  i.  1'  E.  P. 

i  ii<  1 1 

,  t.il 
to  1913        l'' 
base 
12  strui  i  Ion  100  I ' 

Invest-         months'  index  IT; 

ending  ment.         Incri  ise       (A.G.C.)  i> 

tune  ."0. 

..  

82  748.000  

I  '""  85  G96.000  

91  841.000  

'  I  155  97  839.000  

314.155  91  895.000  

•:..H7  000  

99  958.000 

98         1,075,000  

98  400.000  

100  584.000,  

746.000  

565.183  •<•  577, 169, 

1,441.421  99  293, 

248.005  108  230.000  511 

•153.35!  108  '142.000 

731.621  ■.'   i  . 

i  13  287, 

•  171 

J 17  218.000 


TABLE    IV        DEFICIENCY     IN    BUILDING    CONSTH ■. 

-  In  columns  B,  C,       and  ]  I  dollars. 


li 


D. 


E 


...  

years'  lnci 

>:  Ml      DEFICIENCY  IN"  PUBLIC  WORKS  CONSTRUCTION 
COUNTIES    AND    MUNICIPALITIES 
nlumns   B.   I '  and    E  are  I 


i; 


l 
7 


i  i 


I. 


con- 
ed to  1913       i  • 

i..  Ion 

(A.O.C  

D 



42  

171 
'J  17 


Prewai  1,600,000        100  

100         I""  1,488,000 
1.71  I.I 



6fi!i,i>ll          I,  16 128  1.O68.000 

84  1,1  II                   I  13  578.000         t 

1,068.347  171  1,482, 

1.116,151  247  I.0S2, 

189         1  347, 

10.624.000         2,176.000 

Not<      Colt  total    vain,-  ol   build 

i      Iding    i"  l  nnis 
Lbstract  of  the 
IT.  S.,  p  -in  li.il i"  our  urban  popula- 

tion, and  since  farm  buildings  total  abou  ol  all  othei 

buildings  in  value    the  total  volumi    ol  all  building  i structlon  is 

2  I    times   till  •line   of    (mil. lini:   permits'  in    the   69 

cities 

Commerce  Commission  and  published  in  the  :i4t h  annual  re- 
porl  of  that  body.  They  do  not  include  Investments  of 
switching  and  terminal  companies,  amounting  in  1920  to 
about  1500,000,000.     Iiim  the  years   1908  to 

inclusive,  are  based  upon  increase  in  total  capitalization,  as 
shown   by  preceding  commission  reporl  . 

The  construction  cost  Index  is  that  of  The  Associated 
General  Contractors  of    ■  anted   elsewhere   in   this 

issue  of  Engineering  and  Contracting.  While  this  is  In- 
tended primarily  as  an  Index  ol  building  construction  costs, 
it  is.  for  the  years  involved,  sufficiently  representative  of 
railway  construction  for  practical  purposes.  The  chief  dif- 
ferences between  a  building  and  a  railway  cost  index  are  in 
the  greater  weightings  attached  to  steel  and  to  common  labor 
in  the  latter;  and  it  is  to  be  noted  that  both  of  these  were 
high  during  the  period  ol  I  numbers  from  1917  to 

1920,  while  in  "normal  times"  the  two  classes  of  construc- 
tion would  have  substantially  equal  indices. 

in  1921  the  construction  index  averaged  189  and  in  Decem- 
ber. 1921,  it  stood  at  185.  The  building  materials'  index  for 
December,  1921,  was  203,  while  the  metals  index  was  119  and 
common  labor  around  140  at  the  same  time.  Roughly,  25 
per  cent  of  railway  cost  Is  in  grading,  which  is  largely  com- 
mon labor.  Track  laid  is  about  17  per  cent  and  is  largely 
steel.  These  figures  lead  to  the  conclusion  that  the  index  of 
railway  cost  for  December,  1921  is  in  the  neighborhood  of  160. 

Column  E  shows  what  the  actual  construction  would  have 
cost  had  it  all  been  done  at  prices  which  prevailed  in  1913. 
The  average  of  the  figures  In  Column  E  for  years  1904  to 
1913,  inclusive,  is  $746,000,000  per  year.  The  differences  be- 
tween $746, 000,000  and  the  figures  in  lower  portion  of  Column 
l.  given  in  Column  K,  show  how  much  railway  construction 
has  lagged  behind  its  prewar  average  when  both  are  placed 
on  the  common  base  of  1913  prices.  Figures  for  1921  are  not 
at  hand,  but  that  year  presumably  had  a  deficiency  approxi- 
mately equal  to  that  of  1920. 

We  have  computed  the  deficiency  in  terms  of  1918  prices 
as  a  matter  of  convenience,  but  when  it  comes  to  making  up 
the  deficiency  in  construction,  current  prices  must  be  used. 
As  stated  above,  the  railway  construction  index  for  December, 

1921,  was  approximately  160,  and  there  are  good  reasons  for 
believing  that  construction  costs  will  not  be  substantially  re- 
duced  in  the  near  future.    Some  of  these  have  been  given  in 

i  -ues    of   Engineering   and    contracting.     On   the 
ol  an  index  of  160,  the  cost  of  making  up  the  deficiency 
will    be   not   $3.092,000,0011.   but    $4,947,000,000.     These   figures 
take  no  account  of  the  requirements  of  the  increase  in  popu- 
lation  since   1918,  which,   if  allowed   for  would   add  roughly 

■sum .nun  more  to  the  deficient  j 

The  best  estimates  which  we  can  make  of  what  the  future 

.,1    railway    CI  'list  ruction   Should    be    are   therefore   as   follows: 

,,    railroad    ]"  its    prewar    level    without 

allowance   for   increase  i.i    population   would   require  annual 
746,000,000  times  1.6  or  $1,194,000,000,  which 

no  mora  than  the  actual  expenditures  of  1920.  To 

make  up  the  presenl  ex)  ting   deflciencj    In  improvements  In 

Hi    years'    time    would    r annual    1 1]  penditures    of    $495,- 

000,000      On  this  basis  II I  be  expended  during  each 

ol  the  succeeding  10  yean  a  total  of  $1,689,000,000,  or  more 


Hi 
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than  three  times  the  total  actuallj  expended  In  1920.  The 
deficiency  is  real,  but  as  previously  stated,  the  prospect  of 
its  being  made  up  at  an  early  date  is  i    •  good. 

These  calculations  nave  included  railway  lands  and  equip- 
ment with  other  Items  of  cost  Nevi  results  will 
stand  very  well  as  an  indication  of  the  del  •  QCJ  In  construc- 
tor lands  have  formed  no  nUige  of  railway 
cost's,  and  equipment  which  is  roughly  2 
the  total  cost  of  .ill  the  roads  In  the  countrj  is  largely  oil 
the  requirements  of  an  Increased  population,  for  which  no 
illowance  has  been  made. 

Public  Works  Deficiency. — There  are  only  two  tatistical 
sources  from  which  an  estimate  can  be  made  of  the  total 
annual  volume  of  public  works  construction,  other  than  build- 
ups namely,  the  P.  W.  Dodge  Co.  data  to  contracts 
awarded  in  -  md  the  total  sales  of  public  bonds. 
The  Bond  Buyer  publishes  monthly  totals  of  long-term  and  of 
short  t,  tates,  counties  and  municipalities. 
m  bond  sales  provide  in  general  for  the  perma- 
nent Improvements  and  are  given  by  years  in  Table  V. 

According  to  the  Dodge  Co.  the  following  were  the  totals 
irks  and  Utilities  contracts  awarded  in  27 

V.;.r. 
[919 -'•_■■■ 

■    

The-  contained  7"  per  cent  of  the  total   popula- 

tions, so  that  if  50  per  cent  were  added  to  the  totals  above 
given,  the  sum  would  approximate  the  total  for  the  country, 
based  on  the  Dodge  Co.  reports.  But  the  Dodge  Co.  reports 
cover  only  cities  of  3.000  or  more  population,  so  that  perhaps 
60  per  cent  should  be  added  to  the  totals.  Applied  to  the 
Dodge  figures  for  1921   thi~   gives  a  total  public  work 

struction  of  J734, ),000,  which,  while  a  very  rough  estimate. 

Is  probably  as  close  to  the  actual  construction  for  the  year  as 
any  figure  readily  determinable.  Although  the  Dodge  Co. 
includes  some  utility  company  contracts,  the  volume  thereof 
is  evidently  very  small. 

The  volume  of  state,  county  and  municipal  public  works 
construction  is  probably  given  very  closely  by  the  total  sales 
of  long-term  bonds,  but  as  varying  periods  elapse  between  the 
sales  of  the  bonds  and  the  letting  of  the  contracts,  the  con- 
struction for  any  single  calendar  year  will  not  be  accurately 
indicated  by  the  sales  of  that  year,  nor  even  by  the  sales 
made  during  any  single  12  months'  period. 

Obviously  bonds  sold  near  the  end  of  the  year  can  bring 
very  little  actual  construction  during  that  year.  Although  a 
single  year's  work  can  not  be  measured  accurately  by  these 
means,  the  total  of  several  years  should  be  determinable  with 
satisfactory  accuracy;  and  as  a  matter  of  fact  we  find  just 
such  an  agreement  as  might  be  anticipated  between  the 
r.  W.  Dodge  Co.'s  figures  for  1919,  1920  and  1921,  and  the 
bonds  sold  during  the  36  months  beginning  with  October, 
1918,  and  ending  with  September,  1921.  The  Dodge  figures 
for  these  three  calendar  years  multiplied  by  1.6  to  provide 
for  the  entire  country,  total  $2,443,000,000,  while  the  bonds 
sold  during  the  period  named  total  $2,351,000,000.  Table  V 
shows  an  excessively  large  volume  of  bond  sales  for  the  last 
quarter  of  the  year.  1921.  the  proceeds  of  which  obviously  are 
to  be  used  mainly  in  1922. 

The  years  1909  to  1914.  inclusive,  give  an  average  of  $390,- 


1916. 

1917 


'As   published   by    "The   Bond   Bu 

fear.  Total. 

1906 $301 

1907 301 

359 

1909 363.630.786 

1910 324.360.395  1918. 

1911 452.113.716  1919. 

1912 339.046.083  1920.. 

1913 408.477.702  1921. 

1919.  1920. 

January      $24,835,848     $86,647,131 

February    21. ' 

March    -.7.125."L 

April    •         ■     S3         63.102,486 

May     225,791  15.182.631 

June     92.33S.475         45,031.274 

July     "     ;•.:•.!.         "  I.914.S26 

August     $0,166,231         -".293.273 

Septeml.fr     ....      T_  '  712.506 

October     117 

November   ..  i4.612.511 

December    89.586.091 


BY     ST  \TKS. 


Total. 
105.510 

492.590.111 

lit.'. 

318,844 

77". i  ■' 

1,420  I 

213.578 


126.931, 


according  to  Table   V.     Taking   to  •  erage 

annual  expenditure  for  public  works.  Table  III  gives 
our  calculated  deficiency  in  public  works  construction  during 
the  years  1915  to  1921,  inclusive,  as  $84,000,000  on  the  basis 
..i  1913  prices.  We  have  no  index  of  public  works  costs,  but 
the  railway  index  will  approximate  to  it.  and  is  sufficient 
for  ordinary  purposes.  Applying  the  railway  index  of  1.6  to 
the  above  deficiency  gives  $134,000,000  as  the  total  required 
to  make  up  the  public  works  at  present  prices. 


The  Aberthaw  Construction  Com- 
pany's Index 

The    accompanying    two    diagrams    were  prepared    by    the 
Aberthaw  Construction  Company  of  Boston  for  its  own  use. 
The  Cost  of  Building  Index  in  FiL'.  1  Is  explained  by  Mr 
Patch,   statistician  of  the  company,  as   follows: 

"As  we  specialize  in  reinforced  concrete  we  wished  an  in 
dex  that  would  follow  our  specialty.     We   therefore   took   a 


Fig.    1. — Relative    Variation    in    Cost   of    Build 
Wholesale   Commodity   Prices. 


ig,    Rents 


building  we  had  constructed  in  New  England  in  1914,  which 
was  of  typical  design  and  of  which  we  had  good  cost  rec- 
ords, and  using  the  same  quantities  for  the  various  labor 
and  material  items,  priced  the  building  up  at  intervals,  first 
of  six  months  and  recently  of  a  month. 

"During  the  period  of  the  war,  and  immediately  following 
when  there  was  a  wide  spread  between  the  price  indices  of 
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Fig.    2. — Comparison    of     P 


of  Price  Indices  tor  Construction  Meter*'* 
ce    Indices   for    Construi 


Materials. 


Total      $770,105,248     $773,663,986     H. 420.616.666 


$150.1 11.321 


the  various  materials  entering  into  construction,  our  index 
would  apply  only  to  buildings  of  reinforced  concrete.  As  the 
spread  narrows  down  it  will  more  nearly  represent  general 
construction.  This  tendency  to  reduce  the  spread  is  seen  in 
the  comparison  of  indices  of  construction  materials  in  Fig   2." 
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.  .  I.  do   rel 
building  or  othei   ■  tbroughoul  the  United 

published  a 

p  led  Index  i.i  bul  red  bj    Milan 

Ian  tor  the   \  neral  Contractors 

rins  Index  came  to  mj    ittentton   while   l   was 

ring   .i   Bimilar   Indej    foi    Engineering   and 

Contrai 

.  olumn,   and    Mi 

In  the  fourth  column,    it  gives  In  the  fifth  col 

umn   the    so-called   "constructioi  x,"    published    bj 

R  ci  \  an   these   three    In- 

have  prepared  another  index   based  on  F    w 

which  is  given  In  the  third  column  61  Table  I. 

Engineering  and  Contracting   Building  Cost   Index.      This  In- 

linn  2,  Table  I, has  been  calculated  bj  adding  together 
two  Bureau  ol   Lab  and  dividing  the  sum  by  two; 

the  tv  ■  |ng  the  "lumber  building  materia]  index" 

and  the  'hourlj  wage  Index  ol  union  labor."    Thi 
is   shown   separately   In  column   2,    rable    U,   and   relates   to 
all  cla  Ion   labor  In  66   Industrial   centers,     it    will 

I   that    this  wage   Index   does   not   differ  greatly 
from  that  tor  "building  union  wages  (column  ■'. 

Hi.  which  Is  the  wage  Index   used  by    Mr     \m 
Is    an    open    question    whether    building    union    wages    in    8 
i.    typical  of  tin-  r.  s.  building  ad  union 

Labor  wages  ol  all  classi  in  66  industrial  centers. 

During  the  past  6  years  the  wage  Index  In  column  2.  Table 
II.  has  heen  higher  than  that  in  column  "•;  but  if  this  indi- 
Index  m  column  2  will  give  a 
r.-sult  soim what  too  high,  hear  in  mind  that  on  the  con- 
trary building  construction  labor  has  been  less  efficient  than 
normal  during  those  years,  which  would  probably  offset 
an}  excess  resulting  from  the  use  ol  a  wage  index  that  may 
be  i"  per  cent  too  high. 

The  best  available  building  material  Index  is  that  pub- 
lished monthlj  bj  the  D  S  Bureau  ol  Labor.  It  includes 
all   t!..  building    material  teel;    but   the 

annual    output    ol    structural    steel    shapes    normally    consti- 
n  s  percent         tin    t..tal   \aluc  ot  other  htiilding 
materials.     Althougl  el  other  than  "shapes"  is  used 

in   huiiding   (notably   reinforcing    I i    rete),   this  is 

probably  offset  by  the  quantity  ol  "shapi  □  struc- 
tures other  than  buildings,  such  as  bridges.  Since  8  pel 
cent  for  structural  "shapes"  is  so  slight  a  percentage  of  the 
total  value  of  building  materials,  teel  may  be  omitted  with- 
out appreciably   affecting  the  building  cost   index. 

As  will  be  shown  later  the  Engineering  News-Record  index 

i-     grossly     in     error,     because     structural     "shapes"     are 

"weighted"  n   60   pei    cent   ol    the  total   building 

materials: 

The   Associated  General  Contractor's   building  costs  index 

20    >•  i    cent    to     teel   and   other   metals 

and   Si  to  "'■!'■      b  lilding  materials.     From  census 

19  I  have  deduced  that  materials  constitute 

and   labor  40  per  cent   ol   the   reported   cost   ol 

buildings      But   the  reported  costs  did  not   include  all  over 

head  costs,  and  it  Included  none  ol  the  contractor's  compen 

saiion  known  as  profit  Sine-  these  items  vary  more  in.nl. 
with  the  lal  'I  are  of  con- 

ble    magxdta  orobablj    wise    to    include    them 

with  labor  and  tlm  "weighting"  ol  50  per  cent  for 

matei  lale    and   50   per  cent    for 

Thi  and  Contracting  building   cd  I   index,  for 

equal  « eight  to  labor  and 
Iding  materials  and   it    does   not    include   steel   In   the 
building  materials.    The  Bureau  of  Labor  Indexes  for  "lumber 
and  building  and  tor  "hourly  wages  ol  all  union-" 

i   and   divided   bj    two,   for  the  years    1913 
to  19!  oi    In  20  cities 

win  be   u-ed.     This   index  win   be   published   monthlj    here 
•  ber  « Mh  the  labor  Index 
Cost  Index  Based  on  Dodge.     The  I-'    U     Dodge  Co    di 
publish  a  building  Index,  but  does  publish  data   from   which 
di  olated    the   Index   shov.  n    In   i  olun  i 

■'[ :.,  the  I  todgi   Co   b  is  publii  bed  thi 

■  nd    Industi .  I    build 


lugs  and   the  total  conn  ontracte    awarded   iu 

cities  ol  more  than  :;. population  In  L'T  northeastern  states. 

tho   I      n.nlh     and     e.ist     of     and     Including 

North   Dakota,  South  Dal  ouri    Tennessee  and 

ether    with    parts    ol    eastern    Kansas   and    Ne- 
braska      Beginning    May,    1921,    North    Carolina    and    South 
na  were  added  to  thi    list,  but   with  little  effect  upon 
the  total.    These  i'7  otain   70  per  cent  ol  oui   i 

population. 

Taking  the  total  contract  value  ol  residence  buildings 
as  given  bj  the  Dodge  Co.,  and  dividing  by  the  total  square 
feet,  we  gel  the  result      bown  I  and  in.    The  cost 

m   L913  was  not  appreciably   differenl    from  that   in  HU5,  for 
building    wages    In    1916    averaged  per   ci  at 

a     191 1,    whereas    the    prices    ol    building    ma 
ed   about   6  per  ceni    less,  thu  the 

wages.     In  this  estimate  i  am  confirmed  bj    w     W.   Patton'e 
the  cost  of  buildings   in  Bo  toi  Engineering 

and   Contracting,   May   25,    1921 ». 

191!  aately  normal  as   to     in    rela 

rcentages  of  the  I 

by  the  Dodj  •   i  lo    and  n 
cent  ol  the  total  cost  ol  all  buildings  erected  In   1919 

..  on 
stituted  l\".  pel   cent  ol  thi    total  build  a   L919     Tabic 

IV  gives   the  data  that  I  have  deduced  for   industrial   build 


m;     COSTS,      'CCORDINi 
iEXES." 


Year 
1918 
1914 


101 


on 

I   >,i,lRi 


Ass.., 

100 


100 




... 

L911 

1918     

1920         

100 
121 
128 
160 

224 


108 
128 


[Ol  i:i.v    WAGES 
American 


American 

unions. 
66  cities. 


building 
unions. 
8  cities. 


93 
08 
117 

20:< 
208 


Canadian 
building; 
unions. 
U  cities. 






1907     

i'»i. 

1911      

1912    ... 

1917        

155 

:i; 


10 
96 
100 

102 


100 
101 

104 

109  11" 

122 

146  liv 

188  181 

187 
183 
Note. — The   relam  "all    unions'    Is    from    tho    U.    S. 

Bureau        I     rela  ill  union  labor  in  the  it.  s.    The 

relative  >    r   American   •  building  unions"  relates  only  to  11 

in  8  eities. 

TABLE  ni.-    RELATIVE!  COSH    OF  RESIDENCE     Bl   OJDINGS    IX 
27  STATES  (BASED  ON   DODGE  CO    STATISTICS). 
Monthly 

134 

1916  10,276, 

1917    

1918 

1920 

.lann:o\ 

!■•.  biuai  .   86 

60 

\|in<      . 

61 
August 

n  hei 
( ictober  89 

.    10C 


Relative 

per  s.|.  ft. 

cost. 

tot 

2.21 

IJI 

2.?r, 

160 

191 

1.11 

221 

jr. 

4.57 

• 

2S1 

1    is 

111 

ii 

4.32 

4.48 

4.39 

24S 

4.0S 

223 

21 R 

i  B0 

251 

192 


.  46 1 
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TABI.K     IV.— RELATIVE    COST    <  >r     INDUSTRIAL    (FAI 
BUILDINGS  '  BASE]  (ON 

Monthly  Relative 

.H'  i  q   ft. 

15,212. 112 

12     - 

I  |   ■ 

Januai 

Febni  ..     9,037.000 

March 

220 

June 

Jul\  IS.<  5.16 

August 

11,2! 

Novomi  17,6 

5.12  305 

icon 

Januarv     19.695.000 

I       i    .   Bl   rXDING     COSTS     IN     -'■     STATES         IASED     <>N 
DODGE   CO.    STATISTICS) 
Monthly    average. 
Clas  i  Thousands    of   dollars.)  Cost    per 

bulldincs.  1919.  1920.  1921.         1919.       1920.       1921. 

Bushier 

Industrial  80  14,444 

Reeicentli  I  1.761  17,171  1.1 

Educational  I, 14.35S  20.319  fi.01 

•lospitals.    ■  P  "'•-'  5.S45         S.ST 

Public     .  1.U9  :.'.21s  1.S59         6.51 

Recreational  6.21 

Religious    3.127  3.446  3.033         7.04         8.16         6.56 

'.   and  ave. $173,156       ■  'S.383       $3.71       J4.91       $4.91 


ings.  in  a  manner  corresponding  to  the  deducted  results  in 
Table  III.  It  will  he  noted  that  the  volume  of  industrial 
building  construction  was  abnormally  low  in  1915  and  in  1921, 
which  probably  makes  the  costs  per  square  toot  in  those 
nreliable;  for  when  the  volume  ol  construction 
iven  class  of  building  varies  greatly  from  normal,  there 
is  in'  assurance  that  t lie  buildings  erected  will  ho  typical 
of  their  class. 

Table  V  gives  data  as  to  all  classes  of  buildings,  deduced,  as 
above  indicated,  from  the  Dodge  Co.  statistics. 

Although  the  cost  index  based  on  the  Dodge  square  foot 
-  not  entirely  satisfactory,  it  has  the  merit  of  reflecting 
ges  in  efficiency  of  labor,  and  of  being  based  on  retail 
prices  hi  building  materials  in  27  states.  Were  it  nut  for 
wide  variations  in  the  quantity  of  building  contrails  awarded 
in  different  cities,  this  index  would  probably  be  the  best 
of  all.  The  monthly  changes,  as  shown  in  Table  III.  are 
quite  erratic,  due  to  variations  in  the  volume  and  type  of 
residence  buildings   in  different   cities 

Associated  General  Contractors  Cost  Index.-  This  is  a  new 
i  index  published  elsewhere  in  this  issue  It  is 
based  on  the  two  wholesale  price  indexes  of  "lumber  and 
building  materials"  and  of  "metals,"  published  by  the  Bureau 
of  Labor,  and  on  building  wages  in  8  cities.  "Lumber  and 
building  materials"  are  given  a  "weight"  of  2.  and  "metals" 
a  weight  of  1.  Then  the  materials  index  thus  derived  is 
given  a  weight  of  6,  and  wages  a  weight  of  4.  Cost  of  all 
in  which  steel  predominates  but  in  which  copper  is 
a  large  factor)  does  not  enter  into  building  construction  in 
any  such  large  percentage  as  the  20  per  cent  assigned  to 
it  in  this  index. 

The  Associated  General  Contractors'  index  for  DecemDer, 
1921.  is  185. 

Engineering  News-Record  Cost  Index.— This  construction 
cost  index"  purports  to  give  a  relative  average  cost  of  all 
kinds  of  construction,  including  buildings.  Since  public 
works  construction  constitutes  normally  about  20  per  cent 
of  combined  building  and  public  works,  this  index  should 
reflect  building  costs  predominately.  As  a  matter  of  fact,  it 
is  worthless,  whether  as  an  index  of  all  construction  or  of 
building  construction.  This  worthlessness  arises  not  only 
from  the  fact  that  prices  of  only  three  materials  in  thtee 
cities  are  used,  but  from  the  fact  that  steel  is  given 
a  "weight"  about  10  times  what  it  should  receive  If  the 
price  of  steel  followed  closely  the  price  of  other  materials, 
this  gross  error  in  "weighting"  would  be  immaterial,  but 
steel  prices  have  a  habit  of  fluctuating  in  a  manner  seldom 
corresponding  closely  with  other  building  materials,  and  fre- 
quently out  of  all  relation  with  other  material  prices.  This 
has  been  noticeably  the  case  during  recent  years.  Hence  it 
was  a  foregone  conclusion  that  the  Engineering  News-Record 
construction   cost   index   would    agree    with   no   other   index. 
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Tii  make  matters  worse,  n  this  Index  (up  to 

1921  i  are  those  foi  common  labor  in  the  steel  industry,  which 
have  also  moved  In  r<    eni  i    irs  far  out  of  step  with  construc- 
tion wages      Moreover,  common  labor  constitutes  only  about 
in   per  cent    Of  all   labor  on   buildings,   and   an   unknown   per- 
uii    tin-    average    of   all    other   construction.      So   both 
the  "weighting"  of  steel  and  a-  to  the  rates  ol   wages, 
this   index  could  hardly   have  been  worse.     The  three  mate- 
rials  used    in   this   index   are:      ill    Base   price   of  structural 
shapes  .it  Pittsburgh,  <2i  cement   (exclusive  of  bags)  at  Chi- 
i    southern   pine  at   New   York.     Estimators  who 
have  a  widi  need  not   be  told  that  the  prices  of 

only  three  construction  materials  in  but  three  cities  will 
not  give  a  reasonably  close  average  for  the  entire  country, 
lor  building  construction  or  for  all  construction  com- 
bined Nor  i^  the  common  labor-wage  in  the  steel  mills  a  fair 
index  of  construi  tion  »;ik'\  e  ars  of  rapid 

changes  in  steel  mill  output.     The  steel  mills  raised  wages 
more  rapidly  and  to  a  greater  extent  than  construction 

raised  during  1916  to  1918,  and  conversely,  they  lowered 
them  more  markedly  in  1921.  Since  December,  1920,  Engi- 
neering News-Record  has  used  the  average  common  labor 
wage  in  20  cities,  and  this  is  obviously  far  preferable  to 
the  steel  mill  wage  of  common  laborers;  but  it  still  leaves 
much  to  be  desired,  for  union  building  wages  have  not  moved 
in  unison  with  common  labor  during  the  past  seven  years. 
Common  labor  wages  rose  far  more  rapidly  than  building 
artisan  wages  during  the  war.  and  their  fall  during  tin-  past 
.'.ear  has  been  as  spectacular  as  their  rise.  The  elements  in 
Engineering  News-Record  construction  index  an-  improp- 
erly weighted,  except  as  to  labor.  Labor  constitutes  about 
to  per  cent  of  the  total,  and  this  is  substantially  correct  for 
buildings  It  is  questionable  whether  anyone  knows  what  wodld 
be  a  correct  average  percentage  for  labor  of  all  construction 
combined.  It  is  true  that  labor  enters  into  all  materials,  and,  if 
Prof.  King  is  correct,  about  75  per  cent  of  all  income  goes 
to  brain  and  manual  workers,  the  other  25  per  cent  going  to 
capital  as  interest,  rent,  etc.  But  the  question  that  concerns 
us  in  this  problem  is  what  percentage  of  the  cost  of  all  con- 
struction is  the  cost  of  labor?  As  yet  no  one  has  published 
an  analytical  study  of  this  problem.  In  another  article  in 
this  issue  I  have  given  the  average  percentage  of  labor  cost 
in  building  construction,  but  not  for  other  classes  of  con- 
struction. 

Engineering  News-Record  weighted  the  four  elements  in  its 
construction  index  for  1913  as  follows: 

Per  cent. 

Structural   steel    38 

Cement    7 

Lumber   (pine)    17 

Labor     

Total     ion 

A  study  of  the  relative  weight  given  the  different  classes 
of  building  materials  by  the  1".  S.  Bureau  of  Labor,  in  the 
compilation  of  its  index  numbers  for  building  materials, 
brings  out  both  the  erroneous  weighting  and  the  incom- 
pleteness of  the  list  of  materials  in  the  construction  cost 
index  compiled  by  Engineering  News-Record. 

Special  Building  Cost  Indexes. —  Several  cost  indexes  re- 
lating to  some  one  type  of  building  are  available, 
notably  the  indexes  of  Aberthaw,  Fuller  and  Patten. 
The  Aberthaw  index  is  given  in  another  article  in  this  issue. 
The  Patten  index  was  published  in  Engineering  and  Con- 
tracting May  25.  1921;  and  it  is  hoped  to  bring  it  down  to 
date  in  a  later  issue.  A  special  index  of  this  sort  is  pub- 
lished in  Gillette  and  Dana's  handbook  of  "Mechanical 
and  Electrical  Cost  Data,"  page  173.  There  is  great  need  of 
many  more  similar  special  cost  indexes,  not  only  for  different 
types  of  buildings,  but  for  different  cities. 

Changes  in  Efficiency  of  Workers  and  Designs. —  In  this 
connection  it  should  be  remembered  that  no  existing  building 
«nst  index  reflects  either  changes  in  efficiency  of  labor  or 
improvement  in  the  design  of  buildings. 

In  concrete  buildings  there  has  been  a  notable  increase  in 
the  output  of  the  average  building  workman  during  the  past 
15  or  20  years,  ascribable  to  the  use  of  more  economic  ma- 
chinery, forms,  etc.  There  has  also  been  a  marked  improve- 
ment in  design. 

In  frame  houses  there  has  been  a  decided  lowering  of  the 
labor  cost  on  those  houses  where  "mill  framed"  lumber  is 
used.  The  use  of  standard  sizes  framed  at  the  mill  instead 
of  being  framed  by  carpenter-,  is  one  of  the  means  by  which 
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efflciem  y  ol  labor  In  construct!  many 

instat 

The  building  trades  tu  however,  In 

mproved  methods  of  construction,  pan 
•  ignorance  <>f  builders,  and  partly  because 
' : •  »n  of  labor  unions  to  lab  tethods.     Tl 

^reat  opportunity  for  reduction  In  building 
even  though  building  wages  remain  unchai 

afacturers  o(  building  materials  have  nol   been  asleep 
during  the   ;  Ided   reductio 

■    production   have  been   effected      One  ol   the  most 

ng   of  the   recent    improves  the   production   ol 

hollow   bricks.     To   meet    the   competition    oi    other    cl 

of   building   materials,    many   brick   manufacturers    are    now 

making   hollow   bricks   that  arc   not   hollo v  Is   an 

•    in  the  art  that  is  just  beginning  to  mas 
Such  advances  arc  nol  reflected  In  building  - 


Changes  in  Union  Wage  Scales,  1907  to  1921 

The  ■    haa  taken   plat  •  107  and   1921 

In  the  union  Bcale  of  wages  and  hours  of  labor,  all  trades 
taken  as  a  whole,  is  shown  in  the  following  table  of  Index 
numbers  taken  from  a  bulletin  of  the  0  S.  Bureau  of  Labor 
statistics  on  "Changes  In  Onion  Wage  Scales,  l!<"7  to  l'.'Ji ." 
index  numbers  are  simply  percentages  in  which  1913 
is  taken  as  the  base  or  100.      I  I  of  May  each 

year,  not  yearly  averages. 

Bci..  I  192J  there  was  an  increase  in  tie 

number  from  90  to  206,  making  the  rat.'  per  hour  in  L921 
nearly  2\  times  that  of  1907.  In  studying  the  table  it  must 
be  kept  in  mind  that  the  figures  are  not  money  rates  or  hours 
■  if  labor,  but  index  numbers  computed  from  such  rates  and 
hours.  The  detailed  data  for  1921  and  furthi 
figures  for  earlier  years  will  appear  in  a  forthcoming  bulletin. 

The  index  numbers  are  based  on  the  union  minimum  rates 
as  provided  in  agreements  with  employers.  In  some  instances 
individual  employees  are  paid  more  than  the  union  scab'. 
The  investigation  covers  the  principal  trades  paid  at  "time" 
rates  in  66  large  industrial  '  orking at  piece 

rates  can  not  be  included,  as  there  are  many  different  piece 
rates  in  some  trad. 

to  anyone  outside  of  the  trade  in  question.    Average  earnings 
per  hour  or  week  at  piece  rat'  o  much  labor  that 

the  collection  and  compilation  of  such  information  could   nol 
be  undertaken  in  connection  with  the  present  wink. 

The  table  follows: 

INDEX    NUMBERS  OF   UNION    WAGE    RATES   AND    HOURS   OF 
I^ABOK    IX    THE    UNITED    STATES    AS    OF    \1  \  1 
E  VII    THAR,    1907   T(  '    1921. 
100.) 

Rati  -  oi 
: '       timi        was 
tragi  spei  out  s  per       week,  full 

hour,  week  time. 

103  92 

190S    ......       91 

102 

1910    nil  95 

1911    101 

1912  ..  100  98 

100  too 

102 
102 
101 
1911  Hi  112 

97  130 

'.•I  189 

94  198 


Effect  of  Heat  Treatment  on  the   Mechanical   Properties  of 
1  Per  Cent  Carbon  Steel.— Technologic  Paper  No    206 
Bureau  of  Standards  on  the  "Effect  of  Heat  Treatment  on  the 

nical  Properties  of  1   Per  Cent  Carbon  Steel'   will   be 
ready  for  distribution  by  the  Superintendent  of  Documents, 

•  ment  Printing  Office.  Washington,  D.  C,  during  March, 
The  price  i     l"'  et.  per  copy.    This  paper  gives  the  • 
of  var  mperature  relations  in  heat  treatment  on 

tensile  and   impact   properties,   hardness,   and   structure  of  1 

al  carbon  steel,  as  folio.'.  i  oi  temperature 

variations  in  hardening;  (b)  til  lentng  tempei 

■     ■  •  ii    the     \el    and    Al  in    I 

il   temper!  rdened   In  different    ways  and 

of  "soaking"  just  under  the  lower,  critical  range,  and 

pari  ind   water  hardening   fur   production 

trengths.     Dndei  Ibed    conditions  of 

t,  the  teaturi  ed   In 

detail 


The  Ratio  of  Labor  to  Materials  Cost 
in  Buildings 

Bj    II  AI.P.KltT    P    GILLETTE,   llditor. 

The    rei  enl    publication    ol      ome    a  lid    •    tlmate     of    the 

tude   "i    the   biiiidin.     industrj    calls   attention    to   the 

act  urate   knowledge 

"-ii  between  [aboi    ind  material  costs  on  buildings. 

in  the  r.  S.  census  for  1899     ill  be  found  the  onl: 

data  from   which  this  relation   can  d      While  it 

is   true   that    there  are   man',    published   details   of   the 

labor   and    materials   for  different    types    of    building 
knows  what   percen  cb  type  ordinarily  enti 

the  to  In  frame  buildings  the  labor  cost  is  a 

much    hither   percentage    than    iii    Bteel   and   brick    buildings, 
who  knows  the  average  for  all  buildings  erected  in  a  normal 

From  the  census  for  1899  thi    following  data  may    ie  derived 
for  all  buildings  erected  in  thai 

' 


1 
The    "profit"   includes    tie     pi  >f    th. 

contractor  and  his  expen  than   wages   and   salaries 

Ii  we  estimate  this  "profit"  to   '  ave  been  10  per  cent 
total,  we  deduce  the  following  percen' 
M  iterial    ,., 

.•mil  salarii  - 


100 

To  this  should  be  add'  ol  architecture  and  engi- 

neering.    By   the   buildin  irs    who   reported   to   the 

census  in  1899  (see  manufacturing  statistics),  there  were 
employed  593,000  men,  but  all  nun  engaged  in  the  building 
trades  were  1,212,000.  which  seems  to  indicate  that  about  half 
the  total  number  of  building  workers  were  engaged  by  com- 
panies or  individu.il  ilizing  In  building  Probablj 
nearly  all  such  workei  engaged  on  maintenance  and 
small  additions  or  chain. 

The    following    wi  of   men    in    the    building 

in    1^99   and   1909.   also    the    total    number   of    people 

ged    in   gainful  occupations."  ;ind   the  total   population: 




Painters     

Paperbangera    

plasterers 

Plumbers 

Roofers     

Others     


1899. 
Thoue i 

600 

".I  Jilt 


Total,  building  Un .  .   1,212  1.661 

Total,  u-:i Infill  i«  cupal  29,073 

Total    population 

Apparently  few  common  laborers  are  classed  under  build- 
ing trades.  In  our  issue  of  Feb.  22,  a  table  was  given  showing 
the  percentage  of  labor  cost  for  every  class  of  labor  on  the 
average  frame  building  and  on  the  average  brick  building 
Common  labor  constituted  G  per  cent  of  the  labor  cost  of  a 
frame  building  and  9.9  pel    cent  i  ch   building      If  we 

call  the  general  average  for  all  buildings  7.r>  per  cenl  and  if 
we  estimate  the  da]  common   laboi    al    60  per 

cenl   thai   Of  skilled  labor,  ii    a. mid  follow  that  about    l^.a  per 
cent  of  the  number  of  building  workers  are  common  laborers. 
From   this   it    would  appear   that   about    12   per  cent    should   be 
, elded    ie    the   census   totals    oi    building    trade    workers   to   in- 
ommon  laborers.     If  this  is  done,  it    will  be  seen  that 
in   .",   per  cent  of  the  total   number  of  people  engaged 
in   gainful   occupations   were   engaged    directly   mi    the  con- 
■  •ii   and   maintenance   ei'   buildings.     Since   the   ratio  of 
i   labor  to  materials  mi   buildings   is   normallj    about   4 
to  5,  it  would  seem  to  follov   thai  approximately  n  per  cenl 

ol    the   total   number  Of  all    workers   are   normally   engaged    In 

producing  and  delivering  materials  for  buildings  Hut  H 
would  be  erroneous  to  add  tie  ■;  to  the  r,  per  cent  to  get 
iii,-  total   percentage  of  work  I  directly  and   indi- 

in  the  building  trades;  tor,  as  above  Indicated,  about 
half  the  building  trade  workers  are  normally  engaged  on 
maintenance   and    small   Job    Improvements   and    altera 

.Men   engaged   on   such    WI  itlvelj    small   amounts   of 

1      I  estimate  roughly   that  Instead  of  6  we  should 

add  about   i  to  the  r.  per  cent,  making  a  tm.ii  of  g  per  cent 
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of  all  workers  normally  engaged  directl)    and   Indirectly  in 
constructing  and  maintaining  buildings. 


Index   Numbers  of  Wholesale   Prices 
1913  to  February   1922 

The  accompanying  tabulation  shows  the  index  number  of 
wholesale  prices  by  groups  of  commoditie  computed  by 

the  U.  S.  Bureau  of  Labor  Statistics.  The  group  of  miscel- 
laneous commodities  includes  such  important  articles  as  cot- 
tonseed meal  and  oil,  lubricating  oil,  jute,  rubbei  newsprint 
and    wrapping    paper,    rope,    soap,    launch  i>bacco, 

Manila  hemp,  sisal,  phosphate  rock  and  wood  pulp.  The  com- 
modities,  composing  the  other  groups,  are  as  indicated  by 
the  title; 

JBERS    OF    WHOLESALE    PRICES    IN    SPEC • 

-     \.\l>    Ml  INTHS,    1913     TO 

GROUPS  ■  '!•'  COMMODITIES. 
(1913—100.) 


-  *  'o 
month.       sy  o 

-  5  '— 
1913    100  100 

Jan. 

Jul:            ioi  io:> 

...    103  102 

103  103 

.1  in                I'M  102 

Julj  ] 

102  ,106 
Jul}       ...   1 

122  126 

Jan     108  113 

111  117 

lulv           .    1  is  121 

L36  110 

.   iv  176 

US  150 

.    1S1  182 

Jul\ 

198  183 

.Ian 

:I7  178 

July     224  1S4 

. .    234  210 

1 22  JUT 

April 

July     .      .    2lfi  21G 

230  211 

1920     21  8  236 

March          239  2  IS 
Vpril 

Maj             244  2s; 

.  .    24:1  279 

July     236  268 

222  2;:.-> 

.      210  L'22 

'  vt 182  204 

v  ■■■.                165  195 

Dec 141  172 

1921: 

Jan 136  162 

Feb        ...   129  150 

March     .      125  150 

April          .    115  141 

May                117  133 

Jmn.     . ...    113  132 

lulv      ...      115  131 

• 

122  US 

lis  142 

NOV 114  112 

...   113  139 
1922: 

Ian 116  134 


Bridge  Building  in  Indiana. — The  1922  bridge  program  of 
the  Indiana  State  Highway  Department  provides  for  the  con- 
struction of  107  bridges  at  a  cost  of  about  $2,290,000.  The 
federal  government  will  share  half  of  the  cost  of  65  of  the 
structures,  which  will  cost  approximately  $1,917,000.  The 
state  alone  will  build  39  structures  to  cost  about  $373,000. 
William  .1.  Titus,  chief  bridge  engineer  for  the  department, 
will  have  general  supervision  of  the  program. 
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The   Accumulated    Deficiency    in 

Building  Construction  and  the 

Building  Outlook 

The  following  is  an  abstract  of  an  address  by  Leonard  P. 
Ayres,  vice-presideni  ol  the  Cleveland  Trust  Co.,  at  the  last 
annual  meeting  i.lan.  l T >  ..i  tin'  Associated  General  Con- 
tractors: 

The  recovery  of  the  construction  industry  is  the  first,  the 
most  potent,  and  perhaps  the  most  important  sign  of  a 
recovery  from  a  period  ol 

Such  a  recovery  has  begun  to  take  place  now,  and  we 
watch  it  with  the  very  closest  scrutiny  because  we  are  enor- 
mously interested,  more  than  we  would  be  in  the  same 
amount  of  recovery  in  any  other  industry. 

I  have  tried  to  find  out  how  much  recovery  in  construction 
is  occurring.     Each  one  of  those  black  upright  columns  on 


Fig     1. 

this  chart  (Fig.  1)  represents  in  millions  of  dollars  the 
amount  of  building  permits  in  the  20  leading  American  cities 
each  year  over  the  past  21  years.  They  are  rather  low  in 
the  period  of  hard  times,  the  panic  of  1903-1904.  They 
come  up  sharply  in  the  period  of  prosperity  that  followed. 
They  fell  off  again  in  the  period  of  1907-1908;  responded  again 
to  the  prosperity  of  1909  and  the  steady  prosperity  of  1910, 
1911  and  1912,  going  down  again  in  the  bard  times  of  1913 
and  1914  and  then  recovered. 

Here  on  the  chart  (Fig.  1)  are  some  columns  partly  solid, 
partly  in  outline.  The  first  prominent  one  is  for  the  year 
1916  and  a  lower  one,  1917,  and  a  very  little  one,  1918.  An 
enormous  recovery  is  shown  in  1919,  a  bad  period  in  1920 
and  a  very  great  amount  of  money  spent  on  construction  in 
1921.  These  last  columns,  partly  solid  and  partly  in  outline, 
represent  in  their  entire  height  the  total  amount  of  money 
spent.  That  building,  however,  was  very  expensive  build- 
ing and  the  money  spent  did  not  measure  the  amount  of 
building  actually  done  in  the  same  sense  it  did  in  earlier 
years,  so  I  divided  through  by  the  increased  cost  of  that 
construction  each  year  and  it  shrinks  these  columns  down  to 
the  part  that  is  in  black.  The  black  portions  show  on  the 
same  basis  as  for  the  earlier  years  how  much  construction 
was  actually  done. 

Then  I  said,  "Now,  let's  find  out  how  this  business  of  con- 
struction in  our  cities  is  growing  from  year  to  year."  So  I 
had  drawn  through  this  diagram  from  the  starting  point  at 
the  left  over  to  1915  the  slanting  straight  line.  That  repre- 
sents (over  the  first  part  of  the  period)  the  general  trend  of 
construction,  that  was  increasing  as  these  cities  grew  in  pop- 
ulation. It  is  not  drawn  through  by  guess  work  or  by  pulling 
a  string  across  the  upright  columns  or  by  any  such  method, 
but  by  the  method  of  least  squares,  which  gives  us  a  line  that 
a  mathematician  would  describe  as  representing  more  accu- 
rately than  could  any  other  straight  line  that  might  be  drawn 
the  general  trend  of  these  irregularly  rising  columns.  I  con- 
tinued it  on  up  over  the  last  abnormal  period  and  we  can 
fairly  say  that  it  is  the  normal  line. 

We  may  say  that  in  these  first  four  bad  years,  building 
was  below  normal.  Then  it  shot  up  very  much  above  normal 
and  made  up  the  deficiency.    In  the  hard  times  of  1908  it  fell 
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below  norma]  and  then  again  it  shot  up  and  staved  up  con- 
siderably above  it  went  down  In  1918  and  i9i»  and  was 
coming  up  when  the  war  came  on;  then  we  have  tlii.-  Irreg- 
ular process  further  on.  Building  responds  vers  sensitively 
to  these  changes  in  business  com  Is  »erj  dep 

tlve 
The  construction  Industry  is  either  (rigid  or  torrid  and 
on  the  chart  you  Bee  it  swinging  from  one  Btage  Into  the 
other,  ind  so  it  we  have  our  normal  line  as  we  have  Bhown 
on  the  chart,  we  may  measure  tbi  degree  ol  the  torrldity 
and  the  (rigidity  and  Dnd  out  how  great  Is  the  Bhortage  or 
ho»  much  ahead  ol  t } » « •  natural,  normal  requirements  In  the 
community  the  thine  Is 

1    ina>    say    I    doubted    a    hit    Whether   this    was    Hilly    reliable 

and  mail.'  tii  mputatlon  from  the  Bradstreet  Bgures 

overing    120  10   I        •   -.   ami   within   a   few    I'rac- 
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tional  points,  it  checked  out.    So  I  look  the  straight  slanting 

line    and    1    made    it    into   a    horizontal    line    right    aeross    this 
Chart    i  Fig.    L' I    and    put    below    the    deficiencies    and    above    tin' 

surpluses  and  above  normal  by  quarters  instead  of  by  whole 
Twenty,  in  1'"'-.  means  20  per  cent  below'  normal  in 
thai  year.  30  pei  cent  below  In  1903  and  so  on.  Twenty  in 
means  20  per  cent  above  normal  and  the  horizontal 
line  is  simply  that  slanting  straight  line  on  the  other  sheet 
that  I  have  turned  around  until  it   is  level 

Construction  in  20  Leading  Cities. — So  here  we  have  the 
ol  the  construction  industry  In  the  e  20  leading  Amer- 
ican cities,  a  deficiency  of  building  in  1901  and  11102  and  1903 
and  1904,  a  very  quick  recovers  catching  up  with  the  defi- 
ciency and  gome  alie.nl.  and  activities  above  normal  In  1905 
and  1906  and  the  Brst  part  ol  1907,  the  panic  of  1907-1908, 
almost  a  Bto|  construction,  a  quick  recovery  and  back 

ritj  ol   1909     Then  Beveral  years,  you  remember 
them     Well,     when     we    didn't     have     very     prosperous    time- 
and    we    didn't    have    any    more    panic      oi     depressions, 
onstructlon,  like  other  business,  went  along  fluctuating 
•    and  below  normal  over  quiti    a  -pan  ol  time 
Thei  nto  tins  period  ol  restricted  building  that 

came    with    the    Gr<   Li     Wat        The    <;<>v  eminent    canto    into    it 

and  down,  down   it    went    until    we   got    down   to    1918,   almost 

ispension  ol  cltj    building,  where  at  the  low  point   we 

i  out  :";  per  cent  or  98  per  cent    below    normal,  down 

almost  to  nothing      A  brlel  recovery    in   1919,  and  a   verj 

1     and  then   the   rapid  recovery  which 
irried  us  up  to  about  n  ;  irmal  on  the 

basis  of  the  last   data   that   has  come  in. 

mirror  showing  how    atructlon  has 

been  fluctuating  over  a  quarter  o 

I  took   those  Bgures  and  sail!  iid  the 

■    that  is  the  answer  that    I  was  try- 
•     size-up  of  this   industry  would 
turn  out       And   here   (see    Pig    3),   I   have  a    curved    lini 

Ing  the  accumulated  results  of  the  previous  'hart. 

Building   Deficiency  to    Date.      If   you    put    all    n 

n      I'M    l  ,,l     ,].  | 

.     n    what  happens?    We  were  even  with  the  game 

when   we   started       We   ran    into   those   hard    tines   of    1901   to 

umulated   a   deficiency  of  building   is   20  cities 

lb. Hi    ole    half    \  ■  .1  Ion        PrOS- 

itid    we    cut    down    that    shortage    and    we 

down   almost    to   normal    when   the   panli  •    came 

'alibiing  and   lie-   shortage  Came  up  again. 


In    1909  construction  went  ahead   rapidly,  the  shortage    was 

■  in  ilnwii  until  we  got  to  norma]  and  ahead  of  it  and  began 
t"  gei  a  little  overbuilt,  and  many  ol  you  can  remember 
those  years  in  which  our  city  buildings  were  hunting  for  ten- 
ants li  i. in  along  tip  to  1914  until  in  r.Ha  and  1916  a  little 
■  eloped,  and  then   1917,   1918,  1919  and   ]'<->• 

year,    two    years,    two   and    a    quarter,    well    along   toward    two 

■>^'\   a    halt   years  ol    shortage   ol    building    in   our   American 

and  I  think  that  it  will  turn  out  to  be  about  that  figure, 

whether    you    measure    it     l.v     thi     e    20    Cities    or    whether    vou 

take  120  cities. 

li  is  noi  true  for  the  COUntr;  li  nuts  insofar  as  I  can  find 
out.    but    in    city    buildings    that     in    general    is    the    condition, 

ami  we  have  turned  th,.  cornel    and  -tailed  to  cut  the  defl- 

Clencj     down     with    the    active    building    operations     the    last 

lew  months. 

Ten  Years  Needed  to  Eliminate  Shortage.  Let  Us  assume 
that  that  series  of  computations  is  rougbl]  right,  and  I  think 
we  may  do  that.  What  does  n  mean?  It  in .an-  that  this 
industry,    if   it    has   ahead   of    it    a    Bhortage   amounting   to  two 

and  a  quarter  years  ol  construction,  is  in  a  condition  where, 

if  we  have  anything  resembling  normal  business,  ||  , -in  go 
ahead  lor  nine  years  at  J.",  per  cent  abOVl  normal  tor  the 
whole  time 

It  is  ...li   going  to  do  that,  mi    various  othei    reasons,  but 

that  shortage  is  there.  Most  ..i  II  i-  a  shortage  that  ha-  to 
be    made    up — not    all,    because    In    -nine    measure,    if    V" 

a  building  longer  than  you  normally  would  use  it.  that  defi- 
ciency does  not  have  to  be  made  up  The  suit  o(  clothes 
that  I  have  on  has  don.  a  year's  more  service  than  normal 
and  I  will  never  have  to  make  ||  up,  I  have  saved  thai 
Hut  that  Is  not  equally  true  ol  buildings,  lor  populations 
grow  and  they  require  more  ami  more  buildings  and  thi- 
normal  is  a  very  real  thing  li  we  grow  with  that  rapidity,  it 
happens    to  our   Clothes,   too.    bv    the   way. 

Xo  other  industry  has  any  such  condition  confronting  it 
That  fact  constitutes  an  opportunity  thai  ought,  if  properly 
managed,  to  turn  out  to  be  one  very  nearly  unparalleled  in 
our  current   economic  situation. 

Conditions  Ripe  for  Much  Construction. — The  construction 
industry  thus  enters  a  period  ol  great  accumulated  shortage 
at  a  time  when  interest  rates  have  fallen  far.  far  below  what 
tiny  were  and  .vhen  the  difficulties  and  problems  of  financing 
are  rapidly  disappearing  bo  rapidlj  that  my  own  expec- 
tation is  that  within  six  months  most  of  the  acrimoniou-  dis- 
cussions   that    you    and    we    havi     indulged    in    will    be    at    an 
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■  ti.l       Thus    I    think    the    probli  .ncing    are    largely 

ended  because  monej  is  easj  and  seeking  Investment,  prices 
have  come  down  to  B  n  latlvi      lability,  a  shortage 

Those  are  the  three  factors  which  are  necessary  and  pre- 
sent for  increased  a.tivitv  in  the  building  industry  We  are 
entering    this    era    at    a    time    view    your    industry.    Ilk. 

Industry,  is  going  to  And   that    Its   problem   is  one  of 
more  efficient   management   and  ol   delivering  i"  the  buyer 

a  large   . ..],,,    (or  the  dollar  be  has  given. 

For  business  men  in  tin     period  ol  competition  are  going 

to    demand    value,    they    are    going    to    shop    when    they    make- 

their  purchases  In  construction  |u  I  as  the]  are  in  every  other 
commodity.  Thai  man,  who  can  hand  over  to  them  a  large 
Inherent  worth  for  the  Investment,  I    tin-  man  who  is  going' 

to  reap  bis   reward    in  tin  I     pi  I  lod    that    i-   upon   us. 
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How  Local  Engineering  Societies  Can  Serve  the  Public 

Comments  on  Suggestions  in  Editorial  in  Feb.  22  Issue  of  Engineering  and  Contracting 


Engineer    Must    Get    Over    His    Aversion    to    Politics. 

My  belief  is  that  a  great  drawback   In  ring   Is  the 

fact  that  engineers  have  not  assumed  themselves  to  be  polil 
leal  leaders.  Lawyers  believe  that  the;  maj  enter  eithei 
political  life  or  the  practice  of  law.  \  a  consequence,  they 
feel  themselves  prepared  to  enter  politics  The  engineer's 
training  is  with  physical  laws  and  their  application  to  engi- 
neering. As  a  usual  proposition  an  •  n  kudent  does 
not  consider  politics  as  his  field  at  all. 

The  Knoxville  Technical  Society,  which  includi 
architects  and  others  engaged  in  scientific  pursuits,  is  under 
taking  to  become  a  factor  in  the  community  life.  The  effort 
has  been  heretofore  to  study  problems  which  directlj  on 
cern  the  general  community.  I  believe  that  the  club  can  do 
a  considerable  service  along  this  line. 

Before  the  engineer  can  become  a  real  factor  in  politics. 
his  aversion  for  politics  must  be  removed,  Pew  real  engi- 
neers are  willing  to  accept  positions  which  arc  political  ap- 
pointments, N.  \Y.  DOl  GHERTY, 
Professor  of  Civil  Engineering.  I'niversin  ,.i  Tennessee, 
Knoxville,  Tenn. 

Engineers    Should    Call    Attention    to    Questionable    Civic 
Practices. 

It  doi  -  seem  to  me  that  the  one  and  first  thing  needful 
is  that  engineers  become  active  in  calling  attention  to  ques- 
tionable civic  practices.  Both  chapters  and  individual  mem- 
bers  can  call  the  public's  attention  to  errors  about  to  be 
committed.  I  do  not  think  that  they  should  engage  in  any 
activity  in  the  matter  of  financing  investigations  and  re- 
search which  their  criticism  naturally  would  provoke,  for 
any  suggestion  in  connection  with  the  criticism  or  advocacy 
of  a  course  of  wisdom  in  civic  matters,  to  finance  an  investi- 
gation, at  once  detracts  from  the  position  taken  by  the  engi- 
neer.   It  senses  the  idea  of  the  creation  of  a  job. 

If  the  engineers  will  make  clear  their  rightful  position  in 
public  matters  from  time  to  time  as  they  arise,  the  mere 
work  in  investigation  and  report  will  take  care  of  itself. 
The  trouble  now  is  that  the  engineers  do  not  take  upon 
themselves  the  burden  of  voluntary  suggestions.  They  allow 
such  matters  to  spring  from  the  ministers  and  lawyers.  As 
a  result  the  engineer  is  left  out  of  consideration  when  some- 
body is  engaged  for  pay  to  do  the  investigating,  usually  a 
person  wholly  incompetent  for  the  job.  As  it  stands  now, 
regardless  of  what  influences  it.  the  facts  are  that  the  engi- 
neer, individually  and  collectively,  hut  seldom  allows  his 
voice  to  be  heard.  If  this  characteristic  is  encouraged  by 
professional  ethics  it  is  a  mistake  and  ought  to  be  corrected. 
A  man  should  allow  himself  to  be  heard  if  in  the  nature  of 
his  training  he  becomes  qualified  to  speak. 

WILL  P.  BLAIR, 
President  Cleveland  Chapter  American  Association  of  Engi- 
neers. Cleveland,  O. 


Education    as    a    Means   for   Overcoming    Shortcomings    of 
Average    Engineer. 

I  have  read  your  editorial  on  Public  Service  by  Engineering 
Societies  with  a  great  deal  of  interest,  and  am  glad  to  have 
the  opportunity  of  making  a  few  suggestions.  I  don't  want 
to  be  regarded  as  opposing  the  proposition,  but  I  do  want  to 
make  a  few  brutally  frank  remarks  about  the  average 
engineer. 

So  much  has  been  said  lately  about  the  leadership  which 
an  engineer  should  step  into,  because-  of  his  training.  It 
seems  to  me  that  right  here  is  the  weakness.  Every  other 
professional  man  is  obliged  to  get  a  general  cultural  educa- 
tion before  he  is  admitted  to  any  high  class  professional 
school.  The  engineer  is  taken  fresh  from  high  school, 
crammed  full  of  mathematics  and  other  technical  stuff,  and 
sent  out  into  the  world,  a  walking  slide  rule.  He  knows  fig- 
ures, but  he  doesn't  know  men.  He  can  design  a  bridge,  but 
he  cannot  write  a  paper  about  it  that  is  worth  reading.  Re- 
member. I  speak  of  the  average  engineer,  not  the  exception. 
He  can  figure  the  cost  of  a  road,  and  he  can  build  it,  but  he 
can't  talk  a  crowd  into  voting  the  bonds  for  the  job.  In 
other  words,  his  training  has  never  fitted  him  to  meet  life. 
It  has  trained  him  to  meet  details  only. 


Now  to  lie  more  cheerful.  Manj  ol  the  chapters  of  a.  a.  E 
are  getting  into  public  lite  more  ami  more.  Stumblingly  and 
hesitatingly,  it  Is  tine,  bin  thej  are  melting  there.  The 
Boise  Chapter,  A.  A.  IS.,  recent l>  voted  to  co-operate  with  the 
different  commercial  organizations  In  finding  a  road  up  to 
Table  Rock.  They  went  so  tar  as  to  suggest  that  surveys 
be  furnished  free,  but  I  stepped  on  thai  proposition.  Public 
ei  \  ice  is  a  fine  thing,  but  they  were  shutting  out  their  own 
members  from  possible  fees,  and  heaven  Knows  that  the  prac- 
ticing engineer  in  Idaho  gets  few  enough  fees  lately.  The 
Astoria  Chapter  went  out  in  a  body  and  made  a  free  survey 
for  a  City  park.  That  may  have  been  all  right,  but  I  feel 
that  their  public  service  should  have  consisted  of  giving  pro- 
fessional advice  and  in  finding  whether  the  scheme  was  prac- 
ticable, and  then  left  the  actual  surveying  to  some  practicing 
engineer.  Our  brother  professions  do  much  public  service, 
but  they  do  not  volunteer  to  do  free  work  to  top  it  off. 

The  whole  thing  boils  down  to  education.  Insist  that  the 
engineer  be  properly  prepared  to  meet  life  as  it  is,  even 
though  he  be  not  quite  so  heavily  loaded  with  mathematics 
and  formulae,  and  the  poor  chap  will  take  his  rightful  place 
in  the  scheme  of  things  as  they  are,  not  as  they  ought  to  be. 

Boise,  Idaho.  B.  F.  AYRES. 

Public   Service    Plan   of   St.    Louis   Societies. 

I  have  read  the  editorial  in  your  issue  of  Feb.  22,  1922, 
headed  "How  Local  Engineering  Societies  and  Chapters 
Serve  the  Public."  It  is  my  personal  opinion  that  the  suc- 
cess of  any  definite  method  such  as  suggested  would  be 
doubtful.  I  might  give  you  just  briefly  the  plan  used  in  St. 
Louis  where  we  have  an  active  association  of  engineering 
societies  with  a  membership  of  approximately  850,  as  well 
as  an  Engineers'  Club,  of  which  the  writer  is  also  president. 

Our  joint  regulations  provide  that  all  matters  affecting 
public  interest  can  only  be  passed  upon  by  the  various  local 
societies  acting  as  a  unit  through  their  joint  council.  A 
Public  Affairs  Committee  is  one  of  our  standing  committees 
which  investigates  various  projects  of  a  public  nature  and 
reports  to  the  Joint  Council,  which  in  turn  may  recommend 
adoption  of  such  a  report.  This  committee  is  composed  of 
engineers  of  standing  in  the  community,  most  of  whom  have 
had  experience  in  public  affairs  and  who,  furthermore,  are 
willing  to  give  some  time  to  the  work.  No  attempt  is  made 
to  draw  up  any  detail  engineering  recommendations  relative 
tn  any  particular  matter,  but  recommendations  of  an  engi- 
neering nature  which  may  be  advocated  are  studied  by  this 
committee  with  considerable  care,  after  which  action  is 
taken  as  described  above. 

This  plan  has  worked  very  nicely  and  the  viewpoint  of  the 
engineering  societies  is  often  sought  on  engineering  matters 
of  public  interest,  and  public  and  city  officials  are  more  and 
more  looking  to  our  body  for  suggestions  and  advice.  This 
is,  perhaps,  reflected  in  the  fact  that  newspapers  usually  give 
rather  freely  of  their  space  for  write-ups  of  meetings  on  engi- 
neering  topics  of  public  interest. 

The  campaign  you  suggest  would  certainl]  prove  of  value 
and  the  question  really  is  as  to  just  how  to  bring  the  desired 
results  about.  W.   B.   BRYAN, 

President  Joint  Council,  St.  Louis,  Mo. 

The   Engineer  as  a   Political   Leader. 

How  can  the  engineer  become  a  political  leader?  By 
co-operation.  Let  all  engineers  combine  to  be  recognized  as 
members  of  a  profession,  changing  the  present  order,  where- 
in he  is  usually  regarded  as  a  higher  class  of  laborer.  Do 
away  with  present  conditions  whereby  public  engineers,  mu- 
nicipal, county,  state  and  federal,  are  appointed  by  a  miscel- 
laneous board  of  officials  few,  if  any,  of  whom  usually  are 
conversant  with  even  the  rudimentary  necessities  or  require- 
ments of  the  work  to  be  performed,  but  who  after  a  short 
tenure  of  office  and  by  virtue  of  same  pose  as  experts  before 
their  constituents  and,  generally  speaking,  are  upheld  as 
such  by  the  daily  press.  Having  control  of  funds  they  desire 
absolute  control. 

Another  desirable  change  would  be  for  the  railroad  com- 
panies to  recognize  engineers  as  professionals,  instead  of  a 
necessary  evil;   employ  only  qualified  engineers,  at  commen- 
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.   probablj   di  spenditures, 

properly  trained,  qualified  men  would    lave  money  bj 

Ity  and  i- ■■■■■■ 

When  tii"  t i in.    cornea  that  U  ahal]  be  able 

to  dir  i   taking  ord  ip<  '  '•"   T1"n 

..l  official,  public  or  private;  •  •      nail   b 

to  "produce,"  untram 
melled   bj   poUUoa  or  policies,  then   the  englneei 
matter  ol  course  take  I  leader  of  mi 

equal  footing  with  members  of  other  professions,  and  prob- 
ise  of  hi-  greati  i  technical  knowledge 
of  public  reQulren 
Lake  Worth.  Fla.  '■  WRNBTT 

Citizen    Engineer    Program    for    Indianapolis. 

The  Indianapolis  Chapti  t        I        Unerican  association  of 

ganlsed  In  1918  with  80  d  embei        V  policj 

idopted  of  meeting  regularly  each  week  for  luncheon 

from    12  IB   to    1 :  80   with   do   program   exi  »>n   of 

civic  affairs 

The  attendance  for  the  first  few  months  averaged  four  or 
tive.  hut  has  now  grown  to  45  to  65,  and  the  membership  of 
the  Chapter  is  250.  Very  little  preparation  of  programs  is 
necessary;    the  meetings   run   themselves. 

.\-    .i   result   of   these   discussion-    this    Chapter   has   now 
adopted  a  plan  of  civic  activities  which  is  stated  as  follows: 
The  citizen  engineer  program  for  Indianapolis  reconm 
l.    Making  Sewerage  System  Complete. 
2      Continued  Track  Elevation. 

3.  Completed  Flood  Protect 

4.  Completed    Memorial    Project. 

5.  Modernized  Street  Lighting 
•;.     Improved  Traffic  An 

7.     Paving  Built-Up  Streets. 

Regulated    Local   Transportation. 
Restricted  Smoke  Nuisance. 
Investigation  of  Centralized  Water  Softening. 
Ten  committees  have  been  appointed,  one  for  each  of  these 
activities,    and    each    committee    la    chargeable    with    accom- 
plishing something  under   its   heading   with   the   advice  and 
approval  of  the  Chapter  as  expressed  at  its  weekly  lum  b 

Such  activities  almost  lead    to   studies  of  eco- 

nomic problems  and  I  have  found  myself  much  influenced  by 
civic  affairs  to  gi\e  consideration  to  questions  of  political 
economy;  I  believe  other  members  of  the  Chapter  have  been 
similarly   influenced. 

HAN  IK  I.    B.   LUTEN. 
Indianapolis,  Ind. 


s. 
9. 
10. 


The   Engineer  Should   Enter  Politics. 
While  we  agree   in   principal  with   the  editorial   appearing 
in    "Engineering   and    Contracting"    for    Feb.    22.    we    cannot 
believe  the  methods  set  forth  represent  the  best  way  of  ap- 
plying our  thought  and  effort  to  the  problem  at  hand 

Her.    In   Colorado  we  are  slowly  but  surely  coming  to  the 

conclusion    that    it    is    best    to    abandon    the    high    sounding 

phrases  of  political  service,  civic   interest,  and  the  like,  and 

down    to   face  our   problem   as   merely   one   of  getting 

Into   politics.     We   do  not  believe   it   possible   for   engineers. 

no  matter   how   high    they    may    -'and    in    their  own   opinion. 

t  any  marked  and  continued   influence  in  controlling 

public  policy  unless  the   rank  and   file  of  the  profession  are 

oulder   their   burden  and   actually  become   inter 

In  the  manipulation  of  local  political  machinery.    Please 

do  not  misunderstand  this  statement  t.i  mean  that  engineers 

should  lower  themselves  to  the  level  of  our  present  political 

methods.     Rather  the   young   engineer   trained   to   scientific 

thought   should    enter    politics    with  purpose   of 

raising  .  ndards  and  with  the  public  weal  foremost 

In   purpose. 

It  will  be  readily  admitted  thai  our  municipal,  state,  and 
national  governments  would  be  vastly  better  oft  If  em 
pursued    in   their   condm  t,   and    eapi 
public  work  I  tted  to  them.    We 

unmation  i    onol   be  brought  about  except 

diligent   and  lid   activity   ol    the 

in   all   government    affairs,   not    in   ai 
but  it  way.    It  would  si  em,  tberefoi 

i  •  nglneerlng  and  ..en 

their   politic 

I  I    i:n.  I  Ing    this    point    of 

both  young  .end  old,  are  .inouraged 


to  attend   political   primaries   ol    theii    precinct    or   district 

We  want  to  see  more  of  our  members  in  the-  State  Legislature. 
more  on  the  various  commie  loni  and  boards  whose  influence 
reach  to  the  actual  management  ot  public  affairs. 

nur    Civic    Affairs    Committee    i-    t,.    prepare    a    lost.r    tills 

ol  the'  officers,  time,  and  place  ol  meeting  ol  all  local 

Improvement  assoclatlone  and  civic  clubs,  and  it  is  expected 

to    rural  b   Bpeakera   for   thi    a    local    bodies  on  Bubjecl 
interest  to  them  that  Involve  engineering, 

In    conclusion,    I    believe    any    means    of    approach    ot    tin,. 

most   Important    matter   that    will   gel    results   is  good.     W< 

are  willing   to  start   at   tie     be  ginning   and   attack   the   problem 

In  a  scientific  way.    We  bellevi    there  la  nothing  mysti 
about  the-  conduct  of  the  government  and  nothing  that  will 
not    yield   to   engineering  methoda   it    right   be   the-   ultimate: 
let  truth  prevail  In  it 

C.   M.    LIGHTBI   I 
Secret        I  do  Society  of  Engineers,  Denver.  Colo 


Los  Angeles  Society  Studies  Economic  Problems  of  Locality. 
It  is  true  that  "Engineers  lack  time  and  money  for  public 
."     and    many    in  and     recommend 

might    be  made  on  economic    problems   If  local   engineering 
societies  could  co-operate  with  other  local  organization 
perhaps  have  the  funds  but  not   the-  : 
In  our  Los  Angeles  section,  aa  you  know,  we  have  beer 
vitally  interested  in  the  economic  problems  of  the  i  •  -^ i< .n     We 
bave  spent  much  time  on  the  study  of  flood  control  problems, 
the  conservation  of  our  water  resources,  the  di  relopment  of 
power,  and   last   but  not   leaat   the  local  sewer  problem  and 
the  railroad  terminal  situation.     We  find  difficulty  of  course 
in   making   our   conclusions    reach    the   general    public      The 
Municipal   League  and  other  civic  organizations  with   money 
at  their  command  are  able  to  present  their  ideas  to  a  large 
body  of  the  public,  and  co-operation  with  bodies  of  this  kind 
would   probably  make  our   local   section   of   more   value   than 
it  has  been  in  the  general  life  of  the  community 

RALPH    J,    REED. 
President   l>os  Angeles   Section   Am.  Soc.  C    B 
Los  Angeles,  Call! 

How    Local    Engineering    Club    Has    Benefitted    City. 

The  suggestions  of  the  editorial  are  in  line  with  the  work 
that  the  Engineering  Club  of  Sioux  City  has  been  doing  for 
some  time.  A  recent  incident  is  of  interest  The  club  vol- 
unteered  their  services  to  the  city  in  the  way  of  giving 
advice  and  succeeded  in  saving  several  hundred  dollars  a 
month  in  reduction  of  electric  power  costs.  The  company 
supplying  power  operates  the  street  car  system  here.  An 
arrangement  was  made  whereby  the  city  would  not  run  its 
pumps  during  the  evening  ru  b  hours  for  the  cars.  The 
service  company  made  a  substantial  reduction  in  rates  for 
this. 

I  could  recite  a  number  ol  other  instances  where  the 
club  had   benefitted   the   city    in    similar   ways. 

JOHN    D.    AHA  Ms 

Secretary  Sioux  City  <  baptei    \    E    K.  Sioux  City,   la 


To   Place    Engineers    in   the    Legislature. 
At    the    i"rd   annual   convention    held    in    Kalamazoo   Feb. 
m|i  to  li'th  inclusive,  the  topic,    ii. n'.   Local  Engineering  So 

Cietlee    and    Chapters    Can    Serve    the    Public."    was    given    a 
ie>al  of  discussion  and  the  following  resolution  carried 
unanimously: 
RESOLVED,  That  a  Public  Service  Committee  be  appointed, 
dutj   it  shall  be  to  place  aa  many  engineers  into  this 
i.  gialature  as  possible  and  to  encourage  the  individual 
chapters   to  have  ■  satiable,   in   their  community, 

become  member-  ol   the  leg!   lative  body,  of  their  respi 
communities. 

Another  important    matter  taken   up  at   this  time  was  the 

urging  of  engineer    to  ■  managers. 

I   deem   your  article   both   timely  and   important  and  rest 

ft   thai    tie-   Michigan    Engineering   Boclety,   State 

ol   the    American    \    oclation  of  Engineers,  hi 

i  placing  ti-  engineei  where  he  should 
be  in  leadership  In  governmental  works  and  all  matters  of 
public  service, 

.       I!     HUFF. 

Secretary    Michigan    Engineering    Society,    state    Assembly, 
\     \     i   .   Detroit,    Mich 
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Engineering    Club    as    Clearing    House    for    Engineering 
Problems. 

We  are  at   the   present    time   wot  he   inns   ol 

istabliahing   some   definite   connect!  i    the    various 

civic  organizations     This  »m  operab    to  engineer 

Ing  cluh   ili<'  clearing   bouse   tor  nil   matters  involving 

neering  problems,     it    will   also   placi    ol  lei  matters   in   the 

hands  of  those  best  Qualified  in  ink.  me 

MONROE   I.    PATZIG 

The   Engineer  Must  Place   Himself   Before  the   Public. 

The  feature  acting  most  to  retard  the  advancement  of 
the  engineer  in  the  community  is  his  error  in  believing  tin' 
public  should  come  to  him  for  advice  and  help,  it  i-  ■  j  u 
acteristic  of  the  American   people   to  on    theii    own   re- 

sponsibility and  rely  upon  their  own  judgment  an 
This  means  that  the  engineer  while  basically,  probably,  tin' 
best  trained  man  in  the  community  to  lend  in  enterprl 
i   public  nature  is  not  appreciated  and   remains   uncalled   on 
for    the    aid    and    co-operation    which    he    could    so    efficiently 
give. 

The  public  will  not  seek  the  individual  but  rather  Is  It 
necessary  that  the  individual  (the  engineer)  place  himself 
before  the  public  in  such  capacities  that  his  presence  and 
help  will  always  be  an  established  certainty.  This  condition 
1  believe  will  only  come  about  by  the  continuous  effort  of 
the  engineer  himself. 

With  added  prestige  tlm  engineer  may  well  organize  the 
bodies  you  mention  in  your  letter  but  little  has  been  done  thus 
far  in  this  community.  It  is  a  pleasure'  to  realize  others  are 
taking  the  matter  up. 

E.    E.    MIX. 
Long    Beach,   Calif. 

What    a    North    Carolina    Society    Is    Doing. 

The  North  Carolina  Society  of  Engineers,  of  which  1  am 
vice  president,  has  a  legislative  committee.  It  was  largely 
through  the  work  of  this  committee  that  an  engineer's  license 
law  was  enacted  by  the  1921  General  Assembly.  This  com- 
mittee is  now  working  for  the  establishment  of  an  engineer 
ing  experiment  station,  and  for  the  adoption  of  uniform 
traffic  rules  for  the  entire  state.  The  local  engineering  so- 
Ol  which  I  am  president,  has  investigated  the  regula- 
tion of  traffic  in  Raleigh,  and  has  a  committee  appointed  tfl 
study  the  water  situation  and  report  on  what  might  be  done 
for  its  improvement.  There  are  many  other  civic  problems 
which  we  propose  to  take  up  and  discuss  at  subsequent 
meetings. 

I  really  believe  that  the  licensing  of  engineers  will  enable 
them  to  co-operate  with  one  another  better  than  they  have 
in  the  past.  I  am  not  an  advocate  of  the  licensing  of  engi- 
neers as  a  CURE-ALL;  but  I  do  believe  in  the  next  ten 
years  the  engineering  profession  will  greatly  profit  through 
such  laws.  Some  suggestion  has  been  made  that  the  stntus 
of  the  engineering  profession  might  be  raised  through  the 
adoption  of  a  CODE  OP  ETHICS.  The  trouble  is.  a  code 
of  ethics  will  not  reach  the  engineer  who  desires  to  violate 
such  a  code.  In  this  state  the  majority  of  engineers  are 
those  who  are  engineers  in  name  only;  who  have  not  even 
a  high  school  education.  It  is  necessary  that  we  require 
higher  standards  for  the  engineer  to  enter  the  profession. 
Engineering  license  laws  will  give  us  a  means  of  enforcing 
certain   requirements. 

HARRY  TUCKER, 
Professor    of    Highway    Engineering,    North     Carolina    State 

College    of    Agriculture    and    Engineering.    Raleigh.    X     C. 

Engineers  Must  Make  Legislatures  Appreciate  Practical 
Value   of    Engineering. 

Referring  to  the  editorial  in  Engineering  and  Contracting, 
of  Feb.  22nd,  in  which  you  recommend  a  study  of  ways  and 
means  of  launching  a  campaign  for  securing  funds  with 
which  to  make  local  investigations  of  economic  problems  and 
to  convey  the  results  to  the  people. 

This  is  really  the  duty  of  the  State  Legislature.  The  leg- 
islature has  the  funds  with  which  they  can  make  investiga- 
tions as  suggested  in  the  editorial,  and  so  have  the  Chamber 
of  Commerce  and  other  such  societies,  but  it  is  the  duty  of 
the  engineer  to  get  these  organizations  to  appreciate  the 
practical    value    of    engineering,    so    that    they    will    seek 


and  paj  for  engineering  advice.  Engineers  must  gain 
tin  attentions  of  these  bodies  and  their  appreciation  by 
actions  that  ring  out  in  a  manner  that  demands  attention, 
even  at  'he  sting  of  a  i Such  work  i^  probably  the  chiel 

purpose    of    the    A.    A.    lv 

State  investigations,  as  well  as  congressional  investiga- 
tion      ii'     numerous.     The    results,    however,   are    in    some 

instances    negligible;     in    other    cases      .mi.      small    Change    is 

noticed.    Take  for  example  the  Investigations  In  the  co 
coal.     Whenever   one    occurs,    the    newspapers    are    almost 
certain   to  comment;    "Congress   to  investigate   the   high   cost 
of  coal;    now   watch   the   price  advan 

investigations  will  bring  about  the  desired  results  when 
the  public  appreciates  that  engineers  are  educated  and 
trained  in  this  direction,  and  makes  use  of  them  That  day 
will  be  when  the  public  demands  legislatures  to  make  use 
of  the  services  of  engineers,  and  compensate  them  ac 
cordingly. 

FREDERICK    O.   LEWIS, 
Secretar\     Boston    Chapter     \     A     K..    Huston,    Mass 


Nashville    Engineers   Taking    Up    Civic    Problems. 

The  engineers  of  Nashville  are  taking  up  civic  problems 
in  the  meetings  of  the  engineering  associations.  The  con- 
clusions reached  after  thorough  committee  investigation  and 
discussion  in  meeting  are  embodied  In  recommendations 
presented  to  the  city  council,  which  realizes  the  value  of 
the  service  the  engineers  can  render  them,  and  on  occasion 
has  requested  that  a  representative  of  the  engineers  appear 
before  a  meeting  of  the  council  and  instruct  them  on  a  par- 
ticular question. 

This  is  work  along  the  right  linos  and  should  be  fostered, 
as  engineers  gain  more  experience  in  public  appearance  and 
confidence  in  themselves  it  will  be  increasingly  easy  to 
utilize  them  for  public  service. 

WM.    S.    WHITMAN, 
Secretary   Nashville  Chapter,    A     \     B  ,    Nashville,  Tenn. 


Development    of    Natural    Resources    Local    Problem. 

I  read  portions  of  the  editorial  from  your  Feb.  22  issue 
at  the  last  meeting  of  the  Columbia  Chapter  of  A.  A.  E.  It 
provoked  considerable  discussion.  It  may  be  that  some  time 
in  the  future  we  may  be  able  to  develop  this  idea  further. 
It  requires  men  of  large  caliber  and  considerable  public 
spirit  and  a  great  deal  of  energy  to  work  at  the  idea  ex- 
pressed  in  your  editorial. 

Our  local  problems  appear  to  me  to  be  concerned  with 
efforts  to  develop  our  natural  resources.  The  water  power 
possibilities  at  Columbia  are  about  50  per  cent  developed. 
There  is  a  great  need  for  drainage  reclamation  work  in  the 
lower  half  of  our  state.  The  engineers  should  take  the  lead 
in  these  matters,  but  I  do  not  know  how  soon  they  can  be 
made  to  see  it. 

L.   M.   FISHER, 
Columbia,    S.   C. 


Serves    the     Public    Without     Becoming     Politically     Involved. 

Under  the  direction  of  our  Program  Committee  we  are 
endeavoring  to  serve  the  public  without  becoming  politically 
Involved,  except  to  such  an  extent  as  it  may  mean  taking  a 
definite  stand  on  what  the  Engineers'  Club  considers  the 
right  side  from  an  economic  and  engineering  point  of  view. 

Our  club  last  season,  through  a  definitely  appointed  com- 
mittee, conducted  a  careful  investigation  of  the  question  of 
a  water  softening  plant  for  softening  our  entire  city  water 
aupply,  which  under  present  conditions  carries  an  extremely 
high  degree  of  hardness.  The  committee  put  some  months 
to  careful  investigation  of  this  matter  and  made  a  report 
favoring  the  water  softening  system.  At  such  time  as  this 
can  tie  brought  to  an  issue  in  the  city,  the  Engineers'  Club 
will  take  a  definite  stand  for  the  water  softening  plant. 

The  club  expects  next  to  interest  itself  in  the  problem  of 
cits  planning  and  civic  center  work,  and  is  intending  to  make 
itself  heard  on  various  questions  of  civic  welfare.  Our  ac- 
tivities in  this  field  are  as  yet  young  and  we  can  not  there- 
fore give  a  report  of  any  practical  results  obtained. 

HARRY  I.  SCHENCK, 
Recording  Secretary  the  Engineers'  Club  of  Dayton, 
Dayton,    O. 
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Two  Great  Fields  for  American 
Capital 

.\  > ,  ar  ago  the  ratio  of  gold  to  ink  de 

and   notes   was    i  It  Is  no1*    7:;   per  cenl 

This  is  the  |  Oi  it   .ii  lii.  Itj  . 

and  u  bas  brought  luctlon  in  Interest  rates 

Capital  therefore  le  eagerlj  Booking  Bafe  Investment 

In  recent  articles  in  it"1  North  American  Review/,  C    Reinold 
shows  thai  during  the  nexl   26  y<  likely 

to  be  a  large  Burplus  ol  capital  Beeking  investment.      \n.  i 
reviewing  t  !i« •  Investment    field   he  comes   to   the  conclusion 
that  there  are  two  fields  that  promise  the  best  Bate  returns, 
namel)     •  l  •  The  production  ol  neti  commoditii     oi 
and  mi  publ  I  public  works  and  housing.    Although 

mir  n  Inlj  concerned  with  the  second  field,  we 

think   ii    advisable   to   quote    Mr.    Noyes'   conclusions    as   to 
each  "i  these  two  great  fields: 

"But  there  are  two  other  fields  to  which  i  wish  to  direct 
BpeciaJ  attention,  for  tbej    seem,  under  the  now  conditions, 
he  ideal  types  ol  tan  est  > 

"Of  those  the  first  is  the  production  of  now  commodities 
or  means  for  the  satisfaction  of  now  human  wants;  devices 
attainable  to  the  generality  of  men,  for  which  the  market  will 
he  additional  to  all  present  demand,  instead  of  devoting 
the  increase  of  manufacturing  energy  to  competing  for  the 
limited  demand  for  old  products,  instead  of  pouring  more 
goods  into  already  saturated  markets,  it  la  quite  possible  to 
develop  additions  to  the  standard  of  living  for  which  a  new 
demand  will  spring  up.  We  have  already  done  much  of  this. 
The  automobile,  the  phonograph,  the  moving  picture  and  the 

sewing  machine  i samples   which  come  to  mind.     These 

artichs  w.ie  not  to  any  large  degree  replacements.  They 
new  products.  Their  development  has  caused  concern 
among  those  who  conceived  them  as  evidences  of  national 
extravagance.  They  did  not  perceive  that  the  creation  of 
anything  that  is  wanted  creates  at  the  same  time  the  pur- 
chasing power  to  pay  for  it.  Surplus  economic  energy  can 
find  no  bettor  employment  than  in  addition  to  the  equipment 
of  the  consumer.  If  part  of  our  population  can  make  enough 
of  the  natural  home  commodities  to  supply  all  of  us  and 
maintain  our  desirable  exports,  then  the  rest  can  much  better 
contribute  no,',  articles  to  the  general  welfare  than  either 
to  over-produce  in  lines  already  saturated,  or  attempt  to 
provide  those  things  which  the  rest  of  the  world  is  ready 
to  give  ub  in  payment  for  our  exports  and  their  debt. 

"Material  progress  is  associated  with  an  improving  stand- 
ird  of  living  and  the  goal  is  a  happier  and  more  progressive 
people.  Mere  quantity  of  production — mere  productivity 
is  an  outworn  fetish.  New  kinds  of  production,  the  develop- 
ment and  exploitation  of  new  inventions,  should  be  encour- 
aged and  receive  more  general  financial  backing.  If  success- 
ful, these  ventures  are  always  the  most  profitable.  One 
feels  that  he  is  not  talking  into  deaf  ears  when  he  preaches 
this   doctrine   to   Americans. 

"The  last  field  of  investment  is  decidedly  the  largest  of 
all  and  is  the  one  par  excellence  which  under  present  condi- 
Mould  receive  the  great  bulk  of  new  capital.  This  is 
the  fixed  capital  devoted  to  the  production  of  services  to  our 
people  as  distinguished  from  the  production  of  commodities. 
It  consists  principally  of  public  works,  public  utilities  and 
Og.  At  least  half  of  the  total  invested  capital  of  the 
United  States  is  at  the  present  time  included  in  this 
classification. 

"This   [a   a   crude   new    land.     Away    from    the   relatively 

narrow    limit-   of   Industrial   settlements   the  face  of  nature 

•  an   little   touched      Thi  mi    frontier   by 

■  Ith   thl    man  made  eoimli  \  side  ,,]   older  and   more 

thicki;.  u .    nave   been    too   busj    with   our 

beginti!  pace  of  a  hundred  years, 

Shed   prodncl   of  a   land   arranged   for   man.      We  need 

i.is.  reforestation,  roads 

But  public  works  are  not  developed  i 

apital,    thou  omonl) 

financed    l,y    municipal    bonds.      Undoubtedly    these    projects 
can  and  will  use  large  quantitli  Ing  .  and  o  I 


should  in-  encouraged  to  maki    wise  expenditure      foi    theBe 

purpoi  UCh    bonds   remain   tax-free   thole   will 

need  i.i  h.   no  further  Incentivi    to  Becure  all  the  capital  that 

can    BEfelj     be    Used    lor    n 

"\\  ith  i  he  public  ui  iiii  i  I-.  of  com  Keren 

Thej  have  i"  i  n  tai  n  ii  tot  I  pears  ami  are  far  behind  their 
normal  development  This  is  particularly  true  of  the  rail 
roads,    hut    somewhat    true   ol    oilur   classes   as    well.      With 

i  he  coming  "i   lowei   coi  ts  an  a  it        to  be 

i    ih.     public   utilities   in   the   market 

place  may  he  re-established,    o  that  they  ca      ecure  s  large 

hare   iii    tin     new    capital   available   tor   investment,    increase 

their  facilities,  and  Improvi    Lneir  efficiency  both  by  the  in 

troduction   of   new    devices   and    the    ludlcious    replacement 

ill     old 

"Finally,    there    is    ih,.    hou    lag    problem        \nd    this    held    I 

particularly  wish  to  emphasize  because,  while  it  Is  the  largest 
single  type  of  Investment  ol  thi  people  as  a  whole,  it  has 
been  singularly  ami  perhaps  unfortunately  free  from  the 
application  of  funds  upon  .,  ■■  holesale  scale.  It  is  an  enor- 
mous and  ideal  field  for  Investment,  particular^  i 
under  the  new  conditions.  Yet  it  has  been,  and  is  now  left 
largely  to  individual  and  retail   handling. 

"Our  housing  is  not  nearly   sufficient,   nor  suitable   to 
requirements  or  means  of  our  people.     The  buildings  at 
permanent  as  in  Europe,   hut   an.  too  generally  cheap 
porary   structures,  because  they   are   built  as    tax-payers'   or 
on  the  very  limited  means  of  the  home-builder.    The  hu 
of   erection    and    of   financing    the    homes    of   the    people    is 
usually  handled  on  a  small   local  scale.     There  is  no  open 
market    for    mortgages    on    residence    property.      These    are 
matters  for  individual  transaction,  privately  arranged.     And 
the  result  is  that   investment    in   first   and   second   mortgage 
loans  and  the  ownership  of  renting  residence  property  is  so 
troublesome   that   the  average   investor   cannot   be   tempted 
to  touch  it.     Perhaps  one  of  the  reasons  for  the  development 
of  the  apartment  house  has  been  the  readiness  with   which 
it  lent  itself  to  a  more  business  like  and  large-scale  handling. 

"As  a  general  rule  housing  has  not  been  considered  a  field 
for  big  financial  operations.  Some  of  the  Western  trust  com- 
panies are  already  engaged  in  the  residence  mortgage  busi- 
ness. The  savings  banks  and  insurance  companies  invest 
extensively  in  first  mortgages  on  such  buildings.  But  there 
is  need  for  big  operating  and  big  financing  corporations  to 
develop  this  field.  The  risk  of  loans  on  standard  housing 
developments  is  far  less  than  upon  specialty  or  one-use  build- 
ings, and  the  profits  are  big.  A  system  of  bond  issues  based 
on  mortgages  on  assorted  risks  could  undoubtedly  be  made 
a  success. 

"It  is,  of  course,  utterly  foolish  that  the  outcry  against  the 
profiteering  landlord  should  be  permitted  to  take  the  course 
of  harassing  and  restrictive  h  Li  lation.  What  is  needed  is 
legislative  encouragement  and  popular  favor  so  as  to  attract 
investors  into  this  field,  not  to  drive  them  out  as  Is  now 
being  done.  Proposed  federal  legislation  seems  to  indicate 
a   change  of  sentiment   in   this   regard." 


$58,000,000     Insurance    Co.    Money    for    Housing 
Construction 

Fifty-eight  million  dollars  has  been  loaned  by  the  Metro- 
politan Life  Insurance  Co.  throughout  the  United  States  to 
build   homes  and  apartments. 

The  Chicago  Trust  Co.,  handling  the  loans  for  the  Metro- 
politan company  in  Illinois,  Wisconsin  and  Northern  Indiana. 
announces  that  in  that  territory  $3,400,000  of  the  fund  has 
been  spread  sufficiently  to  build  1,040  homes  and  apart 
on  in  .  while  new  buildings  are  now  going  up  at  the  rate 
of  30  a  month.     These  houses  have  been  erected  in  66  cities. 

The  unusual  part  of  the  plan,  according  to  the  banking 
Officials,  is  the  small  average  of  each  loan,  which  is  said  to 
Indicate  that  the  construction  is  done  for  small  home  builders. 
Tic  Illinois  loans  average  about  $4,000  each,  which  is  ap- 
proximately half  the  value  ,,i  building  and  lot  in  each  case. 
Thi    builders  are  given   three  to  fifteen  years  in   which  to 

tin-   loans. 

The  banking  officials  state  that  tin    Metropolitan  company 

does   about   a:     mm  b    clerical    wort    in    making   one    of   these 
small  loans  as  it  would   in   putting  out    the  entire  $60,000,000. 

big  loan  .  .and  that  the  hoc,.  i,,.IM  policy  is  thi 
usually  favored  i'\  unerlcan  companies  with  vast  sun 
Invi 
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Building  Cost  Index  of  the  Associated 
General  Contractors 

[The  following  article  and  diagram  are  I  iki  n  from  "Index," 
;i  statistical  Bervice  tor  the  constructioi  nblished 

by  the  Associated  General  Contractors  of  America,  and  copy- 
righted by  them  In  1922;    Tables  ill  and  l\ 

tUxas    ">'    the    various    weightings    used    In  pilation 

were  not  a  part  of  the  original  article,  but  were  furnished  on 
request  by  Mr  .Milan  V.  Ayres,  statistician  of  the  Associated 
General  Contractors.  This  index  was  tii  i  calculated  under 
the  direction  of  Col.  Leonard  P.  Ayres,  Vice-President  of  the 
Cleveland  Trust  Co.,  and  is  now  maintained  bj  Milan  V. 
Ayres,  Statistician. — Editor  Engineering  and  Contracting.] 

Apparently  it  costs  about  two  and  one-hall'  limes  as  much 
to  put  up  an  average  building  now  as  it  did  in  1900.  This 
is  in  spite  of  the  fact  that  the  cost  of  building  has  come  down 
30  per  cent  since  it  reached  its  peak  in  May,  1920. 

The  diagram  shows  the  fluctuations,  month  by  month,  in 
the  cost  of  building  during  the  past  22  years,  the  cost  of 
building  materials,  and  the  cost  of  building  wages.  The 
index  of  material  prices  is  a  composite  of  two  indices  pub- 
lished by  the  Department  of  Labor,  namely:  (a)  Lumber  and 
building  materials,  and  (b)  metals  and  metal  products.  The 
wage  index  is  a  composite  of  the  wages  prevailing  in  eleven 
of  the  building  trades  including  common  labor,  for  eight 
principal  cities  of  the  country.  The  result  may  be  described 
as  a  general  index  of  building  costs  for  the  entire  country. 

Wages  increased  at  a  nearly  uniform  rate  from  the  be- 
ginning of  1900  until  the  end  of  1916.  The  general  tendency 
of  material  costs  during  the  same  period  was  upwards,  but 
with  a  good  many  fluctuations.  For  more  than  a  year  after 
the  outbreak  of  the  European  War,  they  remained  lower 
than  the  average  for  the  four  previous  years.  In  the  fall 
of  1915  they  started  up  and  reached  a  maximum  in  1920,  very 
much  higher  than  the  maximum  index  figure  for  wages.  The 
combined  figure  for  the  cost  of  building  reached  its  maximum 
in  May.  1920,  at  263  per  cent  of  the  1913  average.    It  dropped 


i.i  a    lou    figure  of  ISO  last  September  and   has    start 
again,  reaching  is.">  in  December.     This  Increase  during  the 
three  closing  months  of  the   past    yeai    wa     dui 
rising    costs    of   materials,    as    v 
constant. 

The  indications  seem  to  be  thai  the  prices  of  building  ma- 
terials will,  in  general,  hold  up  to  their  present  level  or 
perhaps  slightly  increase,  during  the  next   Ce-vt    months,  and 

it  seems  improbable   that   anj    general    oi     vidi     I 

reduction  will  take   place,     o  the  prospects  are  again  I 
general  reduction  in  building  rests  tor  so time  to  co 

Apparently  no  attempts  were  made  anywhere  to  establish 
indices  of  building  costs  until  the  high  prices  resulting  from 
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TABLE    I.— SIX     INDICES    OF    THE 
COMPARE!  I 


COST    OF    BUILDING 


Cost  in  per  cent  of  1913  cost. 


.Max.,  Nov.. 

lyi'<    Oi  Construction  1920.  1921. 

nera]  construction    274  166 

torj    ->(j5  r,4 

C.  General    building    263  182 

5'  l^S1  b'iil',,i,,''K    --1  166 

E.  Office    building    215  162 

F.  Hotel    building     213  154 

TABLE   II 


!>,-,■  . 
i  92 1 


Diagram    Showing    the    Average    Cost    of    Building    Construction    in 
Terms  of  100  Per  Cent  as  the  Average  for  the  Year  1913. 

the  war  caused  men  to  question  the  wisdom  of  putting  their 
money  into  building  enterprises.  Prior  to  that  time  the 
nearest  thing  there  was  to  a  building  cost  index  was  the 
Bureau  of  Labor  figure  on  the  wholesale  price  of  lumber 
and  building  materials.  This  is  a  material  price  only,  how- 
ever, and  does  not  properly  cover  the  building  field,  princi- 
pally for  the  reason  that  it  excludes  all  metal. 

There  are  now  available  a  number  of  construction  cost  in- 
dices which  have  been  computed  back  through  the  war  period. 
Six  of  these  are  compared  as  to  certain  of  their  features  in 
Table  I.     These   are  as   follows: 

A.  General  Construction.  This  is  the  Engineering  News 
Record's  Construction  Cost  Index,  and  is  supposed  to  repre- 
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construction  ul  all   kinds.  Dot   merelj    building,  tor  the 
country   as  .1   whole, 

Factor]      This  is  tiic   Aberthaw   Company's 
•    index   and    I 
particular  ti  aforced  con 

the  neighborhood  ol  Boston. 
Building      This    is    the    building    cosl    Index 
shown    In    the    diagram    and    lias   alreadj    been    sufficiently 
ihed. 
|p     Loft  Building     This  is  the  estimated  cosl  ol  construe) 
lar  inn  building  In  New   York  City. 
Building.     This   is   the    estim  con 

structing  a  particular  office  building  In  New    iforl 

Building.     This   is    the  cost  ol    con 

itrncting  a   particular  hotel  building  In   New   York  City   (dj 
\    Fulli  r  I 

values  of  tour  oul  ol  these  Bix  Indlce    are  verj 

ares   for   November    ranging    trom    162  to 

tactorj    Index   Is  considerably   lower  at 

ral   building   Index   considerably   higher  at 

ons  tor  the  d  11  the  present 

ralue  of  these  Indices  appear  to  be  the  following:     Item  C, 

1  building,  is  th.>  only  one  which  Includes  a  sufficient 

to  be  tairlj  r<  pre  entative  of  general  build- 

ters  Include  large  amounts  of  stool,  which 

comparatively  low   price,  and  small  amounts  of 

lumber,  which  is  high  priced     in  the  computation  of  item  A, 

News  Record  Index,  steel  is  given  2.2  times  the 

weight  of  lumber  and  5.3  times  the  weight  of  cement.    This 

1  far  too  much  relative  Importance 

to  represent  general  construction. 

Items  D,  K  and  P  relate  to  modern  steel  frame  building  in 
which,  of  course,  that  metal  properly  plays  a  very  important 
part.  This  probably  accounts  for  the  fact  that  the  maximum 
figures  for  these  three  indices  are  so  much  below  the  maxi- 
mum of  the  other  three,  steel  did  not  go  nearly  so  high 
luring  1920  as  most  other  materials. 

Weightings    Used    in   the    Compilation.— In    ((imputing    the 
lal    Index,    the    item    ■lumber   and    building    materials" 
was  given  a  weight  of  four,  and  the  item  of  "metal  and  metal 
products"  was  given  the  weight  of  one. 

In   compiling   the  Wage   Index,  the  eleven   building   trades 

used    were   grouped   in   two   classes,   one   of  eight  under  the 

i.ading    of    artisans,    and    one    of    three    under    the    heading 

of  laborers.    The  artisans  Include  the  following:   Bricklayers, 

■  ement  finishers,  inside  wiremen.  painters,  plas- 

plumbers  and  structural  iron  workers.     The  laborers 

include:  Laborers,  plasterers'  helpers,  and  hod  carriers.    The 

of  each  group  were  averaged  without  weighting,  and 

the  two  groups  were  then  combined  on  the   basis  of  giving 

tlsans  a  weight  of  two,  and  laborers  a  weight  of  one. 

An  unweighted  average  of  the  eight  trades  given  as  in  the 

1.   class,  would   be  seriously   in  error  were  it  not   for 

:'t  that  the  prevailing  wages  in  these  eight  trades  are 

irly    alike    that   the    plain    average    is    without    doubt. 

Nearly  the  same  as  would  result  from  the  most  careful 

weighting.     The   same   observation   applies   with    substantial 

1  ise  of  the  three  trades  put  in  the  class  of 

laborers. 

In  the  General  Building  Cost  Index  a  weight  of  2  was  as- 
signed  to   wages  and   a   weight   of  3   to  mat' 

The  cities  involved  are:  Boston,  Los  Angeles,  Louisville, 
New   5  \  ashington,  Cleveland  and  Chicago. 

■    eight  lilies  .no  given  equal  weights  in 

ompilatlon  of  the  wage  data  may  seem  open  to  criticism, 

bted  average  in  this  case 

result   which   would   he  arrived  at  by  any 

ol   weighting,     if  tin-  cities  wen-  weighted  on   the 

',f  population,  or  on  volume  of  building,  or  number  of 

rould  be  to  give  an  altogether 

unfair   predominance    to    New 
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How  to  Increase  Output  of  Building 
Trades  Workers 

Methods  of  Securing  Greater  Production  Described 
in  Address  at  Annual  Meeting  of  Associated 
General  Contractors 
By  BANFORD  E,  THOMPSON, 
Consilium    1  I       on, 

lotting  right  down  to  fundamentals:  Is  not  the  tP 
in  the  first  place  the  lack  Ol  appreciation  bj  the  workers  of 
the  necessity  tor  doing  S  good  day's  work  in  order  to 
tain  a  good  day's  pay.  and,  even  further  than  that,  the  actual 
belief  on  the  part  of  many  of  the  workers  thai  it  is  incum- 
bent upon  them  to  work  slowly  In  order  to  make  the  work 
go  around? 

Assuming   that  these  are   tin  il    restriction. 

they  must  be  counteracted  In  three  ways:  ill  by  edui 
which  involves  a  considerable  period  devoted  to  the  teach- 
imenta]  economic  principles,  1-1  bj  the  establish- 
ment of  some  plan  of  Inducing  the  workmen  to 
ductlon,  and  (::)  by  the  determination  of  actual  time  Btan 
so  that  the  employer  will  know  just  how  much  work  a 
man  Ought  to  accomplish  tor  a  fair  day's  work,  1. living  Into 
account    the   variations   and    conditions   that    01 

We  believe  the  thinking  loaders  of  labor  todaj  really  appre- 
ciate the  necessity  for  eliminating  restriction  of  output,  al- 
though actions  are   nol  !    with   this   point   ol 

Planning  and  Controlling  Substituted  for  Drive   Methods, 
in  the  fa:  tory.  for  the  "drive"  method  which  reacted  ti 
slowing  production,  is  being  substituted  more  definite  met! 
ods  of   planning   and   controlling   the   work   done   with   more 
intimate  knowledge  of  what  a  man  can  do,  how   much  can 
be  done,  and  in  what   sequence.     In  other  words,  method   Is 
being  substituted  for  brute  force.     This  definite  control  and 
knowledge  of  what  is  being  done  ma  Ihle  to  give 

incentives  to  the  men — financial  and,  in  some  cases,  non- 
financial 

As  an  illustration,  take  an  Ohio  rubber  plant  employing 
largely  unskilled  labor.  It  was  found  by  better  planning  of 
the  sequence  of  operations,  thorough  analysis  of  the  opera- 
tions themselves,  and  rearrangement  ol  the  gangs  that  it 
was  possible  to  increase  the  output  per  man  some  40  per  cent. 
After  about  three  months'  work  of  studying  conditions,  an- 
alyzing and  changing  the  met  hods  without  changing  ma- 
chinery, it  was  possible  to  bring  the  men  up  to  increased 
production,  notwithstanding  the  fact  that  thej  were  work 
ing  on  a  bonus  before.  This  was  done  with  scarcely  any 
changes  in  machinery,  but  by  the  development  of   methods 

You  say  that  factory  work  is  different  from  construction; 
that  they  have  the  same  men  month  after  month  and  year 
after  year;  that  the  processes  are  routine  Instead  of  chang- 
ing from  job  to  job.  The  best  answer  to  this  is  that  similar 
results  have  been  accomplished  in  construction  work  and  as 
successfully  as  in  t ' 

Cost  Halved  by  Scientific  Methods. — On  one  concreti  con 
struction  job,  by  the  use  of  what  might  be  termed  scientific 
methods,  the  "making"  of  the  forms  for  a  6  story  concrete 
building  Hun  ft.  long  by  L'"u  ft.  wide  was  done  at  practically 
one-half  the  cost  of  the  same  work  formerly  handled  by  the 
I  <  instruction  company  under  the  Old  methods,  and  this 
notwithstanding  the  fact  that  under  tin-  old  methods  they 
had  made  a  detailed  study  of  their  costs  for  several  years 
to  reduce  them  as  low  as  possible.  The  saving  then  was 
due  directly  to  the  application  of  the  more  scientific  methods. 

in  house  construction  Imilai  results  have  been  produced 
In  one  case  where  scientific  methods  were  installed  by  a  resi- 
dential building  conipam  and  the  carpenter  work  laid  oul 
so  as  to  gi\e  definite  Job    to  1  a<  b  man.  with  a  liberal  1 

for  accomplishment,  two  buildings  out  of  a  group  of  twenty 
about  to  he  constructed,  no  two  of  which  wen  alike,  were 
selected  to  compare  wnil.  by  day  labor  with  that  handled  h\ 
IClentiflC    management    methods. 

On  these  two  houses  all  the  carpenter  work  was  handled 
by  straight  day  labor  and  tie  carpenter  lineman  Selected 
for  the  job  wa  the  D10  1  I  v  f  1  i.-neeil  foreman  in  the  employ 
of  the  company;  in  tact,  be  formerly  had  sub-contracted  for 
this     work     at     low     fcost         lie      other    eighteen     houses     were 
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iruilt   by  improved  methods  of  man.  carpenters 

being  paid  a  bonus  for  accomplishing  thi    work  laid  out  tor 

them  in  the  required  manner  and  tin  the  houses  built 

by  the  ordinary  day-wort  methods,  I  d  cost  of  the 

work  over  that  obtained  on  the  other  ci^    een   houses  with 
the  improved  methods  was  as  follows: 

Setting  of  first  floor  joists  cost  7S  per  cent  more  than  with 
improved  methods. 

Erecting  first  floor  curtain  walls  cos  more  than 

with  improved  methods. 

Erecting  second  floor  curtain  walls  com  il   more 

than  with  improved  methods. 

Erecting  first  floor  sub-floor  cost  S4  per  cent  more  than 
with  improved  methods. 

Erecting  second  floor  sub-floor  cost  59  per  cent  more  than 
with  improved  methods. 

In  the  work  of  common  laborers,  such  as  trenching  and 
backfilling  for  sewers  and  water  pipe,  large  reductions  in 
cost  have  also  been  effected.  For  example,  in  a  case  where 
the  digging  was  of  an  exceptionally  hard  and  varied  char- 
acter, being  a  very  stiff,  tenacious  clay,  the  following  results 
were  obtained: 

Unit  cost  Unit  cost 

ordinar>  Impro 

Operation.  methods.  methods. 

Excavation     48.0  ct.  per  cu.  yd.        34.8  ct.  per 

ylng    11.1  ct.  per  lin.  ft.  1.5  ct    per  lin.  ft. 

Back    tilling-    34.6  ct.  per cu 

These  results  have  not  been  due,  as  might  be  thought  at 
first  sight,  simply  to  requiring  the  workman  to  do  two  or 
three  times  the  amount  of  work  he  formerly  accomplished. 
but,  in  a  large  degree,  to  thorough  planning  of  the  work  in 
advance,  studying  the  actual  details  of  the  work  and  teaching 
men  how  to  perform  their  tasks  in  the  easiest  possible 
manner. 

Essential  Features  of  Waste  Elimination. — The  savings, 
then,  were  obtained  not  by  merely  hustling  the  work  nor  in 
any  degree  by  slighting  it,  but  to  much  more  essential  fea- 
tures of: 

(a)  Economical  design  and  layout  of  construction  oper- 
ations. 

()b  Laying  out  in  advance  the  method  of  handling  the 
work  to  reduce  to  a  minimum  the  quantity  of  construction 
material. 

(c)  Selection  of  the  best  tools  and  materials. 

(d)  Arranging  the  processes  to  simplify  the  work  and 
teaching  the  men  how  to  do  it  in  the  best  way. 

(e)  Designating  in  advance  the  amount  of  work  to  be 
done  by  each  man. 

(f)  Giving  the  men  a  definite  money  incentive  to  encour- 
age them  to  do  a  large  day's  work. 

(g)  Eliminating  the  time  ordinarily  lost  by  workmen, 
such  as  waiting  for  orders,  waiting  for  foremen  to  lay  out  the 
work,  waiting  for  materials,  looking  up  tools,  using  im- 
proper tools. 

An  important  feature  of  the  plan  developed  was  the  pay- 
ment of  bonuses  for  accomplishment  of  the  different  pieces 
of  work  in  the  standard  times  estimated  in  advance.  These 
standards  were  obtained  by  job  analyses  carried  on  similar 
to  factory  studies.  In  other  cases,  where  bonus  or  piece 
work  was  impracticable,  it  has  been  found  possible  to  attain 
similar  results  by  the  establishment  of  standard  times  for 
performance  and  keeping  track  of  the  actual  time  consumed 
by  the  men.  Here  it  is  necessary  to  allow,  of  course,  a  longer 
time  as  a  standard  than  if  done  with  an  incentive  and  inter- 
esting the  men  to  keep  up  these  standards. 

Task  and  Bonus  Method. — As  illustration  of  the  results  in 
house  construction  that  I  have  spoken  of,  I  have  here  some 
35  or  40  sheets.  They  are  photographs  of  the  original  sheets 
used  in  working  up  the  studies  and  figuring  the  standard 
times,  that  is:  the  times  in  which  men  should  handle  the 
work  under  task  and  bonus,  as  we  call  it,  standard  time 
and  bonus  is  a  better  term,  working  under  the  good  conditions. 

These  cover  the  labor  of  such  work  as  framing  the  lum- 
ber, erecting  the  partitions,  putting  in  the  bridging,  laying 
the  floors,  setting  the  windows,  casing  the  doors  and  actually 
doing  the  trim  in  the  house — that  is,  the  base  boards  and  the 
chair  rails  and  the  other  work  of  the  trim.  Perhaps  just  a 
word  as  to  the  way  that  is  possible,  because  those  of  you 
who  are  not  familiar  with  that  class  of  work  may  not  appre- 
ciate just  how  it  is  done.  Suppose,  for  example,  we  take  this 
floor.  Any  of  you,  of  course,  appreciate  the  fact  that  it  would 
take  &  great  deal  less  time  per  square  foot  to  lay  the  center 


Of   this   Boor   than   for   a    small    mum     where   there   is   a   lot   of 
cutting  at  the  end  and  a  lot  of  corners. 

On  the  other  hand,  take  this  room  over  the  corner  where 
the  plaster  sticks  out  and  you  have  four  exterior  angles  and 
four  interior  angles  around  that  pilaster,  you  have  extra 
time  there. 

Now,  we  find,  by  taking  the  same  method  that  you  use  in 
factory  work  in  figuring  up  piece  rates,  by  time-study  method, 
that  if  you  take  on  a  floor  (and  that  is  what  these  figures 
show)  the  time  per  square  foot  and  then  take  the  time  per 
linear  foot  at  the  end  of  the  room  and  the  time  per  linear 
foot  at  the  side  of  the  room  and  the  time  per  corner,  take 
those  individually  and  then  make  the  combinations  for  the 
different  sizes  of  rooms,  you  get  something  that  is  adaptable 
to  any  size  of  room  and  you  can  figure  it  up  accurately. 

These  figures  that  I  show  are  not  theoretical  nor  academic, 
but  have  actually  been  used  in  the  building  of  a  large  number 
of  dwellings  with  the  savings  of  cost  that  I  have  indicated 
a  few  minutes  ago. 

Figures  on  Bricklaying.-  I  have  here  also  one  table,  which 
is  one  of  quite  a  number,  showing  the  average  number  of 
brick  that  a  man  lays  on  different  kinds  of  walls  when  work- 
ing under  ordinary  contract  conditions.  These  are  pre-war 
figures,  and  they  are  made  up  by  methods  similar  to  those 
I  have  just  described. 

The  principal  interest  in  them  is  relative.  For  example, 
just  to  read  a  few  of  the  items,  for  common  brick  nicely  laid 
with  common  bond,  the  relative  figures  for  building  a  brick 
wall  12  in.  thick  are  1,140  bricks  per  day  of  eight  hours. 
For  a  32  in.  wall  the  number  of  brick  would  be  1,655. 

Now.  I  will  come  down  to  a  curved  wall  with  occasional 
openings,  and  for  a  12-in.  wall  it  comes  down  to  895  bricks. 
For  selected  face  or  water-struck  brick,  facing  a  blank  wall, 
625  bricks  a  day;  city  house  fronts  having  circular  bay  win- 
dows, 2S0.  Those  are  simply  figures  picked  out  at  random 
from  this  table,  and,  as  I  said,  they  are  worked  up  from  unit 
times  taken  in  the  way  that  I  have  spoken  of.  I  simply  give 
this  to  show  how  such  things  can  be  done.  They  also  show 
the  possibilities  of  expanding  and  developing  them. 

We  have  in  our  files  data  of  that  kind  on  earth  work  and 
concreting  and  plastering  and  slating  and  sewer  bricklaying; 
they  present  a  large  opportunity  for  increased  output  and 
reduced  cost  during  coming  years.  Such  data,  however,  can- 
not be  adopted  offhand.  It  would  not  do  any  good  to  have 
me  give  you  these  figures  just  as  they  are.  This,  perhaps, 
can  best  be  illustrated  by  reference  to  the  case  of  the  rubber 
plant  referred  to  a  few  minutes  ago. 

..Output  Increased  40  Per  Cent.— Before  getting  this  40  per 
cent  increase  in  output  per  man.  the  methods  of  handling  the 
work  had  to  be  worked  out  to  see  that  the  jobs  were  prop- 
•  rly  distributed  to  the  men,  that  the  materials  came  to  the 
men  at  the  right  time,  that  the  condition  of  the  material 
was  workable,  that  the  quality  was  right  and  that  conditions  in 
general  permitted  the  workmen  to  do  an  exceptional  day's 
work. 

This  required  detail  analysis  of  conditions  hy  special  men 
trained  in  analytical  study  and  the  establishment  of  methods 
somewhat  different  in  principle  from  those  that  had  been 
used.  In  the  house  construction  referred  to,  it  was  found  that 
the  making  up  of  framing  plans  reduced  the  labor  on  the 
Job;  that,  by  sawing  the  lumber  at  the  mill  for  the  sills,  studs, 
joists  and  rafters,  not  only  time  but  a  considerable  amount 
of  material  could  be  saved;  that  by  planning  out  the  work, 
something  as  in  a  modern  factory,  that  the  jobs  were  dove- 
tailed into  each  other  and  lost  time  was  eliminated;  that  hy 
figuring  out  in  advance  the  time  required  for  each  operation 
and  then  paying  a  bonus  for  its  accomplishment  the  men  had 
a  definite  incentive  to  do  their  best  work. 

In  other  cases  where  it  was  impracticable  to  pay  a  bonus 
on  account  of  union  or  other  conditions,  by  the  determination 
in  advance  of  the  time,  allowing,  as  I  have  already  said  for 
less  strenuous  work  than  where  a  bonus  is  paid,  similar 
results  were  possible.  Even  to  get  the  advantage  of  standards 
of  this  kind,  however,  it  is  necessary  to  provide  definite 
methods  for  controlling  and  in  keeping  track  of  the  work. 
It  means  increased  overhead;  it  means  more  clerical  work. 
But  who  can  object,  for  example,  to  pay  ?25  for  clerks,  if 
by  so  doing  he  is  able  to  save  $100  in  skilled  labor  and,  at 
the  same  time,  increase  the  speed  of  the  job  to  a  marked 
degree?  That  is  what  we  all  want  to  think  of;  not  whether 
we've  got  two  extra  man  on  the  job,  but  whether  those  men 
are  making  money  for  us  by  saving  money  somewhere  else 
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■    development   possible  In  this  kind  of 
work  in  construction 

Co-operation  of  Unions  Necessary.  Such  development  re 
quires  ition  "i   the  Individual   workman.     I 

complicated  bj  outside  partieB,  tins  Is  easil]  obtained,  bul 
it  must  be  worked  out  so  as  to  make  it  advantageous  tor  him 
With  union  labor,  to  attain  the  most  com 
plete  results,  the  co-operation  ot  the  union  must  be  obtained. 
Mauv    unions  are  appreciating  the  or   standard! 

tation  and  ol  accumulation  ot  facts   in  order  to  lay  out  and 
■  ,v  to  better  advant  however,  vt  It  bout 

t  tion  of  the  union  .,  .  m  bi  accomplished 

along  the  linos  Indicated 

in  undertaking  the  development  ol  more  effective  methods, 
the  viewpoint  ol  the  worker  must  be  considered,  particularly 
ie  Btandpoinl  of  eliminating  thi  ot  irritation  duo 

t<i  lark  oi  proper  materials,  tools  and  equipment,  waiting  for 
work  when  on  the  |ob,  and,  particularly,  the  irregularity  of 
employment  throughout  the  year  The  last,  perhaps  more 
than  anything  else,  is  a  source  of  endless  worry  to  the  work- 
ingman  1  was  unable  to  get  here  this  morning,  but  1  think 
that  part  of  the  subject  has  bet  |uite  ably,  to  Judge 

from  the  program 

Increased    Pay    to   Offset    Laffoffs.     In    the    building    trades 

skilled    and    unskilled    workers   are   actually   employed    from 

cent   to   BO   per  cent   of   the  time.     This   moans    uot 

merely  that   nearly   every  workman  is  looking   forward    with 

dread  to  the  day  when  his  job  is  finished,  but  it  means,  also, 

that  th.    employ)  r  is  paying  in  actual  wages  from  25  per  cent 

i   day  tor  his  labor  than  if  the  men 

could  work  continuously.     Did  you  ever  think  of  that?     If  a 

man  worked  60  per  cenl  of  the  year,  as  some  of  them  do.  he's 

got   to  have   61    pel    cent    more   paj    in  order  to  receive  the 

same  amount  ol   monej    per  year;   and,  if  he  worked  80  per 

:  the  time,  he  has  20  per  cent  layoff  (which  is  not  at 

all  exo    Jive),  and  he  has  to  have  25  per  cent  more  pay. 

The    money    which    buys    food    and    clothes    and    lodging    is 
not  that  which  comes  in  by  single  days,  but  that   which  con 
stitutes    the    annual    income.      In    all    adjustments   of 
either  by  normal   process  or  by   demand,  this   feature   comes 
in  automatically,  although  often  unintentionally. 

Seasonal  work  cannot  be  prevented  by  one  contractor 
working  alone,  although  certain  contractors  have  been  able 
to  go  much  further  than  others  along  this  line:  but  it  can 
be  reduced  through  organizations  of  builders  and  contrac- 
tors working  in  harmony  with  labor.  There  are  large  possi- 
bilities for  the  establishment  of  bureaus  or  other  co-operative 
plans  where  construction  programs  can  be  worked  out  in 
advance  and  activities  co-ordinat. id 


Basis  of  Calculations  for  Loading  of  Dela- 
ware River   Bridge 
The  Ii'la  bridge  from  Philadelphia  to  Camden, 

X.  J.,  work  on  which  is  now  under  way.  will  have  a  center 
span  1,750  ft.,  between  towers,  exceeding  by  150  ft.  the 
longest  suspi  ti -ion  bridge  in  the  world.  It  will  mark  an 
important  advance  n  u  pension  bridge  designs.  The  two 
cables  supporting  it  will  be  30  in.  in  diameter,  each  com- 
posed of  16,500  individual  wires.  The  largest  cable  now  in 
use  is  20%  in.  in  diameter,  while  the  far-famed  Brooklyn 
bridg»     ha-    cables    only    IV1,    in.    in    diameter.      The    bridge 

completi    will  cosl    (28 and   will   bo   finished  in   1926. 

Some  interesting  details  regarding  this  bridge  wore  given 
by   Ralph   Modjeski.   chiei    engineer,  Kiver   Bridge 

Joint  i  m  an  address  Nov.  7  at  a  meeting  ol  the 

Philadelphia  Section  of  the  American  Society  of  Civil  En- 
gineers. The  address  with  the  discussion  is  printed  in  the 
January  issue  of  Eh  ad   Engineering,  the  publication 

of  the  Engineers'  Club  of  Philadelphia,  from  which  the  notes 
following  are  taken.  The  following  loading  has  been  as- 
sumed for  th<    Delaware  liner  Bridgi 


L.bs.  per  ft. 

3,000 
LOOP 


Two  rapid  transit  lines  . 

Two  surface  car  lines  

One  67  ft 

•vatks  at  50  lbs.  per  so,      •  

1 1,990 
•  I     on    rapid 
relj        -  eated  and 

i    Hn.  ft      Tb.    longer  ears  operated 
Railwaj     '  !o    in    \ew    York    weigh 
b     The  elei  I  In  Philadelphia  bj   the 


P      K      T      weigh.    Hilly     equipped,    69,160    Lb.       Allowing    tOi     a 

seating  capacitj  ol  50  ami  .i    tanding  capacity  ol  LOO  p 

gels,    a    total    load    per    lln.    II     Of    L.840    11).    i-.    obtained. 

In  adopting  2,000  lb.  per  [in  it  a  the  specified  congested 
moving    load    per    rapid    transit     track,    ample    provision    has 

been     made    for    high    speed    trallic 

The   surface  cars   operate, I    bj    the    P     11.    T     with    a    seating 

citj   oi  53  and  a  standing  capaclt]  Ol  B0  passengers  weigh 

L,2S0   lb     per   Lin.   ft.     The   "Hog    Island"   ears   with  a   seating 

capacitj     of     16    and    a    standing    capacity     of    68    passengers, 

weigh   1,360  lb    per  Lin,  ft 

Allow  inc.  L.500  lli  per  Lln.  ft.  per  surface  car  track  as  the 
congested  load,  provision  has  been  made  for  a  possible  In- 
crease   in    weight    of    suburban    ears 

Both  rapid  transit  trains  as  well  ae  surface  cars  cannot  be 
operated  without  sufficient  cleai  between  successive 

train  units  It  has  been  found  that  working  speeds  require 
a  ileal  spacing  between  cars  al  bast  equal  to  twice  the 
length    oi     train    or    ear        ThUE     the    BUrfU.Ce    ear    load,    under 

working    conditions,    will    be    nearer    \ lb    per    tin,    ft.   of 

I  rack. 

When  local  congestions  occur  on  the  main  lirid 
operating    ruling    keeps    the    cars    spaced    at    an    average    of 
their  own  length.     Such  a   condition  would  result  in  7a0  lb. 
per  lin.  ft.  of  track. 

The  average  weight  of  forty-three  types  of  fully  loaded 
motor  trucks  was  found  to  be  728  lb.  per  lin.  ft.  and  that 
of  25  t>i»s  of  passenger  cars  312  lb.  per  lin.  ft.  Allowing  for 
six  lilies,  of  vehicles  over  the  bridge,  three  line  oi  motor 
trucks  and  three  lines  of  pa  i  ttger  cars,  a  load  of  :',,t20  lb. 
pi  i  l  in  ft.  of  roadway  would  result  The  traffic  count  made 
by  the  commission  showed  about  in  per  cent  of  the  traffic 
to  be  motor  trucks.  In  the  above  figures  the  higher  ratio 
of  50  per  cent  was  assumed.  Observations  made  at  other 
places  by  engineers  gave  500  lb.  per  lin.  ft.  for  a  line  of 
automobiles   and  trucks   mixed. 

For  the  design  a  congested  load  of  4,000  lb.  per  lin.  ft.  of 
bridge  has  been  assumed,  an  excess  of  28  per  cent 

Thus  the  possible  loads  that  may  cross  the  bridge  have 
been  fully  taken  care  of  and  also  an  allowance  for  a  future 
increase   in  weight  of   vehicle     lias   been    provided. 

This  12,000  lb.  per  ft.  of  bridge  therefore  means  congested 
loading:  that  is,  the  roadway  filled  with  automobiles  and 
trucks  in  close  contact,  the  four  tracks  covered  closely  with 
cars  filled  to  capacity  with  passengers,  and  the  sidewalks 
carrying  one  pedestrian  for  each  3  sq.  ft.  Under  this  con- 
gested loading  and  under  most  unfavorable  conditions  of 
wind  and  temperature  the  stress  in  the  cables  will  not  exceed 
72,500  lb.  per  sq.  in.,  or  ball'  the  elastic'  limit.  The  stress  in 
the  towers  will  not  exceed  27,000  lb.  per  sq.  in.,  or  half  the 
elastic  limit  and  in  the  stiffening  trusses  40,000  lb.  per  sq. 
in.,  or  less  than  three-quarters  of  the  elastic  limit.  In  the 
Manhattan  Bridge  it  was  calculated  that  under  ordinary  work- 
ing load  no  portion  of  the  stiffening  truss  is  stressed  more 
than  one-quarter  of  the  above  unit  stress  or  10,000  lb.  per 
sq.  in.  The  reasons  for  assuming  a  higher  unit  stress  for 
the  stiffening  truss  than  for  the  other  portions  of  the  bridge 
are  that  should  any  one  of  the  members  fail  there  will  be  no 
serious  consequence  and  that  the  maximum  stress  in  the 
stiffening  trusses  would  require  a  distribution  of  loading 
which  is  improbable;  such,  lor  in  tance,  as  the  congested 
loading  on  one  side  of  the  side  spans  and  no  loading  at  all 
on  the  rest  of  the  bridge. 


County  Planning  Commissions.  In  a  discussion  at  the 
recent  American  Society  of  ('nil  Kngineers'  Symposium  on 
Housing,  Nelson  P.  Lewis,  consulting  engineer,  New  York 
City,  stated  that  Westchester  County,  in  New  York  State, 
has  been,  as  far  as  he  know  .  tin-  first  county,  at  least  In 
part  of  the  United  States,  to  establish  a  Count]  Plan- 
ning Commission.  Probably  the  commission  has  not  yet 
attempted  to  exercise  much  authority,  but  it  is  a  hopeful 
sign.  He  added  that  counties  contiguous  to  great  cities  do 
not  themselves  attempt  to  control  development,  It  will  be 
necessary,  in  the  public  Interest,  to  give  the  cities  them- 
jome  degree  of  jurisdiction  over  the  planning  of  ter- 
ritory  beyond  their  corporate  limits.  This  has  already  been 
done  in  many  cases,  and  a  recent  canvass  of  :'T  typical  cities 
made  bj  Mr.  Lewis  shows  that  in  L0  of  them  Hie  City  Plan- 
offlclal  have  Jurisdiction  varying  from  i  mile  to  16 
miles  beyond  i)m-  city  boundary.  In  the  case  of  the  other 
17,  which  Include  both  New  York  and  Philadelphia,  there  is 
no  jurisdiction   whatever  outside  the  city  limits. 
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Design  and  Construction  Features  of 
Steel  Frame  Roof  of  Large  Rink 

a   nuk  of  unusual  design  and  largi    d  m  usions  lias  been 
completed  recently  at  Moncton,  N.  B  .  i         i.i.    The  building 

is  circular  in  plan,  200  ft.  in  diameter,  tin.  ,u  being 

icrete  IT  ft.  high      s.bove  tins  i  "proximately 

conical,  rising  to  a  height  of  '■"<  n  the  ground.     The 

interior  is  entirely  tree  of  obstructing  columns  and  provides 
a  i  in K  space  hi'  180  rt  by  90  n  .  ai  o  nr  od  ition  foi 
over  ."..nun  spectators,  a  cafeteria,  retiring  rooms  ami  a 
promenade  600  ft.  long.  The  roof  consists  of  a  structural 
steel  frame  with  wooden  cover.  The  design  and  construction 
features  of  this  roof  are  described  by  E.  Holgate,  chief  en- 
gineer. .MacKinnon  Steel  Co.,  Ltd..  the  contractors  lor  the 
d    fabrication  and  erection  of  the  steel  work,  m  ,,  recent 


by  the  derrick  whilst  Its  lower  end  was  attached  to  the  tie 
plate  and  a  temporary  wooden  post,  In  in.  by  in  in.,  40  ft. 
long,  was  placed  underneath  by  means  of  a  rope  pulled  over 
the  niggerhead  of  the  hoisting  engine  and  passing  through  a 
bloi  i>  near  the  end  of  the  derrick  boom.  A  transit  over  the 
building  axis  aligned  the  rafter  in  a  true  radial  ..i 
tical  plane  whilst  a  level  was  set  to  a  line  on  the  wooden 
post  at  a  known  distance  from  the  point  where  it  touched 
the  bottom  flange  of  the  rafter  The  latter  point  was  fixed 
by  a  lug  riveted  to  the  beam  at  a  carefully  measured  dis- 
tance from  the  tie  plate.  Wooden  wedges  under  the  wood 
post  enabled  it  to  be  exactly  adjusted  in  height.  After  guying 
the  end  of  the  first  rafter,  the  second  was  erected  similarly. 
and  the  connecting  purlins  followed. 

When   the   sixteenth   rafter   was   placed   it   was   found   that 
'in'  precaution   taken  to  ensure  the  easy  assembling  of  the 


Construction   View  of   200   Ft.    Diameter   Rink   at   Moncton.   N.    B. 


issue  of  The  Contract  Record,  to  which  we  are  indebted  for 
the  matter  that  follows: 

Design  of  Roof. — The  structural  steel  consists  primarily  of 
sixteen  rafters,  each  105  ft.  long,  shipped  in  two  lengths, 
lower  and  upper.  The  extreme  lower  ends  rest  on  steel  col- 
umns. At  the  eave  of  the  roof  a  continuous  tie  plate  takes 
the  tension  stress  and  it  is  made  in  16  straight  sections  each 
approximately  40  ft.  long.  The  wooden  roof  joists  rest  on 
the  wall  at  one  end  and  on  seven  rows  of  steel  purlins  above. 
The  tops  of  the  rafters  stop  15  ft.  from  the  vertical  axis 
of  the  building,  thus  providing  an  opening  30  ft.  in  diameter 
on  which  stands  a  cupola  admitting  light  and  ventilation. 
The  purlins  are  designed  for  both  the  bending  and  compres- 
sion incidental  to  this  type  of  construction.  To  provide  for 
irregular  distribution  of  live  loads  a  system  of  radial  brac- 
ing is  attached  to  the  main  rafters  at  a  heigbt  of  50  ft.  and 
the  upper  ends  of  the  rafters  are  connected  by  16  radial 
struts.  Lateral  stresses  are  brought  down  to  the  tie  plate 
by  adjustable  rod  bracing  in  the  planes  of  the  rafters  and 
the  tie  plate  is  well  anchored  to  the  wall  all  the  way  around 
the  building.  The  roof  is  of  1  in.  plank,  tongued  and  grooved, 
covered  with  roofing  felt  and  nailed  to  2  in.  by  s  in.  joists 
about  15  ft.  long.  The  planks  are  laid  diagonally,  alternating 
in  direction  on  each  of  the  16  planes  of  the  roof. 

Erection  of  Steel. — The  erection  of  the  roof  steel  was  ac- 
complished in  20  working  days  of  wintry  weather.  It  in- 
volved some  interesting  expedients.  First  a  guy  derrick 
was  set  up  4  ft.  from  the  central  vertical  axis.  This  derrick 
had  a  mast  112  ft.  high  and  a  boom  106  ft.  long  and  it  could 
lift  6  tons  at  radius  of  101  ft.,  thus  controlling  the  whole 
area  of  the  building. 

The  main  tie  plate  was  erected  by  resting  the  ends  of  the 
sections  on  the  wall,  setting  them  to  a  pencil  line  scribed 
thereon,  at  a  uniform  distance  from  the  geometrical  axis. 
The  closing  section  of  tie  plate  therefore  slipped  straight 
into  place  without  any  time  being  lost  in  correcting  inac- 
curacies of  radii.  The  plate  was  then  carefully  levelled  by 
wooden  wedges. 

Next  the  lower  section  of  the  first  rafter,  62  ft.  long  and 
•  eighing  4  tons,  was  hoisted  into  place  and  held  suspended 


closing  sections  of  the  purlins  was  successful.  This  was 
done  by  setting  the  wooden  posts  so  that  their  tops  were 
%  in.  higher  than  calculated,  thus  making  the  diameter  about 
1  in.  too  much  and  the  circumference  about  3  in.  too  much. 
The  closing  purlins  were  held  up  by  long  bolts,  completing 
the  lower  cone  of  16  rafters  and  four  rows  of  purlins.  The 
wedges  under  the  wooden  posts  were  then  slackened  until 
each  post  was  lowered  %  in.  to  correct  geometrical  level. 
By  the  time  the  last  post  was  adjusted  it  was  found  that  the 
gaps  in  the  four  purlins  of  the  closing  panel  had  disappeared 
and  that  the  weight  of  the  roof  had  entirely  left  the  tempo- 
rary  wooden  posts. 

The  latter,  however,  were  not  removed  because  they  had 
another  duty  when  erecting  the  upper  rafters.  The  erection 
of  these  proceeded  along  with  the  three  upper  rows  of  pur- 
lins by  cantilevering  them  from  the  upper  ends  of  the  lower 
rafters.  Although  the  top  ends  of  the  upper  rafters  were 
60  ft.  from  the  wooden  posts,  the  weight  of  the  lower  tie 
plates  and  columns  was  more  than  sufficient  to  counterbal- 
ance them.  Hence,  the  lower  cone  was  still  supporting  it- 
self with  its  stresses  unaffected  by  the  erection  of  the  roof 
above  it.  The  upper  cone  was  closed  by  the  three  purlins 
of  the  last  panel  being  powerfully  forced  into  position  by 
derrick  and  blocks,  a  procedure  which  simultaneously  cor- 
rected the  slight  deflections  contingent  upon  the  cantilevering 
of  the  rafters  and  released  all  weight  from  the  wooden  posts 
below.  To  facilitate  this  operation  the  upper  bracing  was 
not  inserted  until  after  closure  was  made. 

Finally  the  cupola  trusses  were  placed,  derrick  dismantled, 
and  then  the  radial  rods  and  top  struts  were  erected  by  rope 
blocks.  After  tightening  all  lateral  bracing  and  riveting  all 
purlin  connections,  rafter  splices  and  tie  plate  splices,  the 
wooden  posts  were  removed. 


Building  Material  Prices. — Mimeographed  tables  showing 
the  prices  of  24  classes  of  building  materials  at  44  cities  in 
different  parts  of  the  country,  as  of  Feb.  1,  1922,  have  been 
compiled  by  the  Division  of  Building  and  Housing  of  the  U. 
S.  Bureau  of  Standards.  They  may  be  obtained  by  address- 
ing the  above-mentioned  division  of  the  bureau  at  Washing- 
ton, D.  C. 
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Effect  of  Moisture  Content  on 
Concrete 

•-  ol    i   studj    made  In  the   Engtn 
Station  "i  thi    i  Diversity  of  Minds  to  detormli 

■  nt. 'in  up. m  the  expansion  and  contj 
ol  plain  and  reinforced  ooncri  a  In  Bulletin  No 

the  station     The  ezpei  In  enti    were 
made  In  r.u^  by  T.  Matsumoto,  a  graduate  student  in  theo- 
d  mechanics  at  the  unlversltj      The  notes 
following  are  taken  from  the  bull. tin- 
Purposes  of  the  Tests.    The  testa  were  made  t<>  Invest! 
the  am. unit  nt'  shrinkage  which  may  be  expected  in  a 

mortar  or  i terete,  the  relation   between   thi 

moisture  conteni  and  the  change  <'i  length  ol  those  materials, 
the  difference  In  shrinkage  of  plain  and  n  increte, 

and  the  Internal  si  up  In  the  latter.     For  pu 

of   comparison    with    the    results   obtained    with    concrete,  a 
its  were  made  on  tl  rption  of  water 

ndstone  and  limestone 
Materials    Used    in    Test    Specimens.     The    mat.  rials    used 
in  making  thi  ■"•  all  of  good  quality. 

Universal    Portland   cement    waa    used.     The   One   aggregate 
well  graded  sand  from  Attica,  Ind.    The  coarse  aggre- 
ras  gravel  from  Attica.  Ind.     It   «;is  all  screened  to  a 
11    ',    and    %    in.;    1  wore  not  used   be- 

of  the  small  dimensions  of  some  of  the  test  pii  1 1 
The   Bteel   used    in    the    reinforced   concrete    tesl    pieces   con- 
i]  plain  round  mild  steel  bars.     In  none  of  the  tests 
.lui   the   measured   >tr.ss   in   tie'   steel  approach  the  elastic 
limit  of   the  material. 
All   concrete   waa    band    mixed,   a'  piece    waa 

..in  a   separate  batcb  of  material. 


/ 

>< 

'It 

1 

■2- 

tc 

YK 

//■ 

// 

/ 

/ 

/ 

'/ 

■2 

Mt 

"_ 

r- 

M02    0004 
Unit  fxpansion 


| 

OOOSSr 


000/  • 

I 

0  • 


Time  of  /mmers/on  in  tiours 


Treatment  of  Specimens 
1 1 1  Cured  under  wet  bur /op  for 

7chc/s, I4days, eadai/s, 60etoys 

■  d  in  onen  at  /So'f~  os  shown  in  ftp  3 
131  Immersed  ih  water 


of    Morta 


■and 


The    Coefficient    of    Expansion    of    Mortar    and    Concrete. — 

expansion    of    mortar   and to    was 

in    making    a    temperature   correction  of 

obtained   from  pei  d  specl- 

o  that  there  was  no  error  due  to  the  change  in 


length  with  a  change  In  mol  ture  conteni  of  a  specimen.    The 

-  .ni.ni    ol    length    wa      mad.'    bj    the   use  of  a   Berry 

strain  gage,  and  the  temperature  was  measured  by  a  ther 

eter  which   was  so   placed   among  the  test  pieces  that 

radiation    of    heat    did    not    affect    the    reading. 

The  results  obtained  indicate  that  the  coefficient  of  ex- 
pansion of  mortar  te  is  practically  the  same  for 
different  proportions  ami  ages,  provided  that  the  same  ma 
terials  are  used  bj  all  mixturi  The  average  values  of  the 
Coefficient     Of    expansion    Ot     1    1,     1:2,    and    1:8    mortar,    and 

l    1:2,    i   2   I,   and    i   g  6   •  om  rete,    varied    from    


•  >hot  P.'ain  and  Reinforced  Concrete 
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Fig.  2. — Shrinkage   Stresses    In    Reinforced   Concrete   Specimens. 

0. 0000058  for  1°  P.,  with  no  particular  variation  with  thi 
age  or  with  the  richness  of  the  mixture. 

Effect  of  Moisture  Content  on  Length  of  Specimen. — 
Thirty  test  pieci  a,  -'  by  ::  bj  24  in.  In  size,  containing  2  steel 
plugs  which  formed  a  20-in.  page  line,  were  made  of  1:1 
1:2,  and  1:3  mortar,  and  1:1:2,  1:2:4,  and  1:3:6  concrete, 
five  test  pieces  for  each  mixture.  One  day  after  the  test 
pieces    were    made    the  ten    off,    and    initial 

measurements  of  the  length  and  weight  were  made.  All  test 
pieces  were  then  stored  in  a  damp  room  and  covered  with 
double  sheets  of  burlap  which  were  kept  wet.  The  measure 
ments  of  length  were  made  with  a  Berry  strain  gage  of  20- 
in.  gage  length,  using  as  ;>  standard  a  steel  bar  immersed 
in  water  of  known  temperature.  All  measurements  were  cor 
rected  for  the  effect  of  temperature  change.  Changes  In 
weight  were  taken  to  mean  gains  or  losses  in  moisture 
content. 

liter  60  days  of  damp  U  test  pieces  were  stored 

in  air  in  a  room  where  the  relative  humidity  vai 
to    60    per  cent    when    the    room    was    heated   by   steam        I 

steam   heal  r  Ith  the  ad- 

vance of  the  season  the  relatlvi    humidity  of  the  room  in- 
■  d,  and   it   ieacli.il  90   i"  r  cent   on  cloudy  days;   where- 
upon  the  mortar  and  concrete  absorbed   moisture  from  the 
,iii  ami  began  expanding  Inati  ad  ol  i  after  being 

to  pi    90   'ia\      in   the   air  ol    this    room   the   specimens  were 
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dried  for  n  daya  in  an  oven  at  a  ol    L50     i-' . 

and  then  for  IB  days  at  200°  F.  The  amounts  < >r  change  "i 
moisture  and  length  during  the  test  are  shown  in  T;ilile  I 
A  1:1  mortar  at  70  days  contracted  0.025  per  cent,  notwitb 
standing   the   fact   that    it   contained  lire   than    Its 

Initial  amount.     From  this  phenomenon  it  can  i"'  concluded 
that   t lie   water  which   goes   Into   the   concrete   may   esl 
two  different  ways,  either  combined  with  cement  In  a  chem 
leal   compound    or    remaining    in    a    state    which    affeel      the 
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Pig.  3. — Shrinkage   Stresses   in    Re.nforced    Concrete   Specimens. 

volume  of  the  concrete.  It  also  appears  that  concrete  in 
which  the  total  moisture  content  is  kept  constant  for  some 
length  of  time  is  liable  to  contract  slightly.  This  slight  con- 
traction was  observed  on  several  occasions  during  the  test. 
It  follows  that  the  absolute  amount  of  contraction  of  con 
crete  due  to  drying  is  indeterminate,  because  it  depends  upon 
the  age  of  the  concrete  and  the  duration  of  the  drying  period. 
In  general  these  specimens  of  mortar  and  concrete  expanded 
when  they  were  kept  wet.  The  richer  mixtures  absorb  more 
water  and  consequently  expand  more  than  the  loam  i  one 
Mortar  and  concrete  lose  moisture  rapidly  when  placed  In 
dry  air  and  the  loss  is  more  rapid  in  lean  mixtures  than  in 
rich  ones.  In  air  storage  the  shrinkage  is  greater  for  mortar 
than  for  concrete,  and  with  artificial  drying  the  shrinkage  is 
greater  for  the  richer  mixtures. 

For  the  specimens  tested,  the  contraction  of  mortar  and 
concrete  at  a  temperature  of  150°  F.,  which  is  somewhat 
higher  than  the  highest  outdoor  temperature  in  summer  in 
a  tropical  climate,  was  0.12  per  cent  for  1:1  mortar,  0.10 
per  cent  for  1:2  mortar,  0.09  per  cent  for  1:3  mortar,  0.07 
per  cent  for  1:1:2  concrete,  0.06  per  cent  for  1:2:4  concrete, 
and  0.06  per  cent  for  1:3:6  concrete.  The  amount  of  ex- 
pansion when  specimens  were  kept  wet  reached  0.012  per 
cent  in  1:1  mortar,  and  0.002  per  cent  in  1:3:6  concrete,  at 
the  end  of  60  days.  Judging  from  these  tests,  shrinkage  of 
concrete  in  a  structure  freely  exposed  to  the  air  may  be  as 
much  as  0.05  per  cent  in  a  1:2:4  concrete.  In  a  structure 
such  as  a  retaining  wall  or  a  road  pavement,  where  one  side 
of  the  structure  is  against  a  mass  of  earth,  the  shrinkage 
should  be  considerably  less. 

In  a  second  set  of  tests  24  test  pieces,  having  the  same 
size  and  form  as  those  in  the  tests  previously  described,  were 


prepared  from  the  same  materials,  hall   ol   mortar  with   the 
proportions   of   1:2,  and  half  of   concrete    with    the   propor 

lions  ot  1:2:4.  The  test  pieces  were  stored  in  a  damp  room 
and  covered  with  burlap  which  was  kept  wet.  Three  specl- 
iii.  ii  ni  each  kind  were  taken  out  ol  the  Btoreroom  when 
thej  had  hardened  7.  14.  28,  and  60  days,  re  pectively,  in  the 
damp  condition,  and  were  then  dried  in  an  oven  al  a  tern 
are  of  150"  F.  until  the  loss  of  weight  did  not  exceed 
0.20  per  cent  during  24  noun  The  ti  I  pieces  were  then 
Immersed  In  clean  water  in  a  shallow  tank.  The  i. 
oi  the  specimens  were  measured  bj  a  20-ln.  Berry  strain  gage 
and  all  measurements  were  corrected  tor  the  effect  oi  tem- 
perature changes  In  the  Instrument. 

it  was  shown  that  the  rate  "t  lo  ol  moisture  In  mortar 
and  concrete  hy  drying  decreases  with  the  age  iii  the  spec! 
men.     in  the  mortar,  the  rate  of  loss  in  specimens  2s  days 

mil  tin  .lays  old.  respectively,    heroine      nearly    the   same      The 

total  loss  in  moisture  in  mortar  does  not  seem  to  be  greatly 

hi    Irani  that   in  concrete  at   the  four  ages  used. 

\  number  of  significant  features  of  the  second  set  of  tests 

i     hrought  out  in   Fig.   1: 

(a)  Dry  mortar  and  concrete  expand  as  soon  as  they 
absorb  water. 

I  Iii  The  rate  of  absorption  upon  immersion  is  much  less 
for  the  older  specimens  during  the  first  two  or  three  days 
of  immersion,  although  the  total  amount  of  absorption  does 
not  change  very  greatly  for  specimens  of  different  ages. 

(c)  The  rate  of  expansion  due  to  immersion  is  also  less 
for  the  older  specimens  during  the  first  two  or  three  days 
of  immersion.  For  longer  periods  of  time  the  amount  of  ex- 
pansion is  nearly  the  same  for  all  ages  of  each  material: 
but  in  every  case  the  expansion  is  con  iderably  greater  for 
mortar  than  it  is  for  concrete. 

(d)  The  amount  of  the  expansion  of  mortar  and  concrete 
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is  small  until  an  absorption  of  nearly  2  per  cent  is  reached. 
After  this  point  the  expansion  becomes  nearly  proportional 
to  the  additional  absorption  of  moisture.  This  holds  true 
until  a  sudden  decrease  in  the  absorption  occurs  after  about 
one  day's  immersion,  beyond  which  point  additional  absorp- 
tion gives  a  greatly  increased  expansion. 

(e)     The    absorption    of   moisture    by   mortar   or   concrete 
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j    'ii'il    <  '■  ■  Mm  i  li 


is  much  more  rapid  than  thi  oisture   from 

material     As  a  result,  thi  due  to  wetting 
pid  than  the  contraction  produced  bj   dryii 

days  old  gained  as  much  moisture  in  l' 
hours'   imn 

ir  24   hours. 

Anothei  experiment  on  the  ■  bsorption  of 

ad    expansion    ol  -    made    upon    two 

■  >1     1:2:4    >^r;i \  •■!    C01  im    B     Moor    of 

the    V  papei    i  olon    Building    In    Chicago      The 

is  9  years  old     Thi  test  pieces  were 

:i    In.,  and  3.6  ii>    ;.  bj    26  In.     The  specimens 

I  daj a  in  an  oven  tl ure  ol    150 

F.     in  drying,  the  avei  concrete  was 

ceni   tor  the  two  specimens      After  Immersion   In 

water  for  IS  days  the  average  absorption  was  5.09  per  ceni 

and  ttn    resulting   expansion   0.042   per  ceni 

Absorption    by    Sandstone   and    Limestone.      For   Comparison 

with  the  behavior  ot  mortal   and  concrete,  a  few  tesl 
made  on  the  absorption  of  water  bj    stone.     1 

A.rc   sandstone   and    limestone   whicb   had   nearly   the 

porositj    as   the   mortar   and  sted.     if   the 

expansion  ol    BUCb   material   is  due   to   the   separation   of   par- 

the    same   amount    of   expansion    might    be    expected 

with  stones  of  the  same  poroslt] 

Two    spei  linens    of    a    reddish    lirown    sandstone    of    good 
quality,  obtained  from  the   Laki    Superloi     •Lion   for  use  in 
instruction  ol  a   university   building,  were  used  in  the 
t- -t  I  the  specimens  were  '■'  by  4  by  24  in.  and 

3  G  bj  4  b]  -■"'  in.  Both  pieces  were  dried  for  •;  days  in  an 
oven  at  a  temperature  of  150"  F.  After  immersion  in 
for  13  days,  the  average  absorption  for  the  two  specimens 
was  ."..7.".  per  cent,  and  the  corresponding  expansion  was 
per  cent. 
The  limestone  specimens  used  in  the  test  were  a 
quality  of  oolitic  limestone  of  the  kind  used  for  building 
purposes,  commonly  known  as  Bedford  Indiana  stone.  The 
stone  has  a  porous  structure.  The  two  test  pieces  were  3.5 
i  by  11.1  in.,  and  3.S  b]  !  '■■  by  12.6  in.  in  size.  The 
first  speciment  was  dried  for  7  days  in  an  oven  at  150°  F., 
with  consequent  loss  of  moisture,  due  to  the  drying,  of  1.04 
per  cent,  and  no  measurable  contraction.  The  second  speci- 
men was  dried  for  11  days  in  an  oven  at  150°  P.,  with  con- 
sequent loss  of  moisture  of  1.42  per  cent  and  no  measurable 
contraction  They  were  then  immersed  in  water.  After 
an  immersion  of  t>  days  the  average  absorption  was  6.1  per 
cent  with   practically   no   expansion. 

The  ver.  rapid  absorption  and  the  lack  of  expansion  of 
the  limestone  are  in  decided  contrast  to  what  occurred  with 
all  the  other  materials  used.  The  behavior  of  the  limestone 
throws  doubt  upon  the  theory  that  moisture  entering  a  porous 
substance  causes  an  expansion  ol  material  through  separa- 
tion of  the  particles. 

Shrinkage    Stresses    in    Reinforced    Concrete. — Two    sets    01 

nade  for  the  purpose  of  measuring  the  shrinkage 

stresses  in  reinforced  concrete  specimens.     For  the  first  set 

•  riments  six  test  pieces.  2  by  :;  by  21  in.  in  size,  were 

prepared,   two  of  them   being  of  plain   concrete,   two    h 

-in.    round    steel    bars    (p  -    3.68    per    centi.    and    two 
having  two  '-.-in.  round  steel  bars  1  p     6  54  per  cent  1     The  pro- 
portions of  the  concrete  were    1:2:4.     The   specimens   were 
n  the  air  of  a  room  for  2  a  they  were  dried 

in  an  oven   I  at    a    temperature   of   150      P.;    and 

finally  the]  were  dried  tor  6  days  at  a  temperature  of  200    F 
The  change  of  length   was   measured  on   a   20-in.  gage   line 
between  points  on  each  embedded  Bteel  bar  in  the  reinforced 

1   plugs  em- 
bedded  in  the   plain  concrete  test  pieces.     The   results,   which 
rerj    uniform    in    compan  OS,   are   shown    in 

Fig     2 

a-    mac    he  geen    from    Pig    2    even    reinforced    concrete 

erj  high    percentage  of   relnfor                    tracts 

rapidly   in   air  When    tin-    specimens    were   22   days    old   the 

shrinkage  stn-  -    in   the   eon,  ret,-  reached    166   lb.   per   Bquare 

inch  in  'it.  and 

204    lb  inch    in    tie                                                 1    per 

dried  18  da] 

190  it    per 
240    b    pei   square  inch,  respectively,  whicb 

to   the   ultimate   tensile  Btrengtb    1 

■  ing  drier!  at  :,  temperature  of  200 


P.,  lb.-  concrete  tailed  in  tension  and  showed  two  trao 
1  raci  ,       ■         out  {  from  each  1  ad 

Thi-  however,    tnaj    nol    be   representative,   be- 

there  ma]    have  been  some  injury  to  the  texture  of 
the  concrete   when   it   was   heated   beyond   200     P.     B 

'Mat  the  shrinkage  sir...   n,  thi    concrete  reached   170 
to  200  iuare   Incb    In   22  days,   in   the  air  of  a  room, 

may     be    Bull  Concluding     that     cracks    will 

eventuall)   )■«■  formed  In  concrete  whicb  has  a  high  pi 
il  reinforcement 
The    sudden   drop  -    in    the   concrete 

•  I  beyond  200     F.,  as  shown   in   Fin.  2.  indicates 

injury   to   th rete  at  this   temperature;    so   that    the   use 

■    limber  than 
i"    ma]    I"    dangerous   unless   proper   precautions   are 
taken. 

A  s.  made    in    which    b mallei 

centages  of  reinforcement  were  used.  The  size  ol  the  test 
pieces  was  6  by  «  by  24  in.  and  they  were  made  of  1:2:4 
concrete.    Deformations  were  measured  on  I   1114th  of 

1"  in.  One  piece  was  made  without  reinforcement  "i,, 
with  toUl  '■  in.,  one  with  four  .in.  and  one  with  foul 
round  steel  bars,  a  similar  el  ol  tesl  pieces  was  made 
with  in.  ami  amount  ol  ri  oforcement  but  which  had  in 
addition  three  anchor  Iuks  welded  to  each  end  of  the  rein- 
forcing bars  to  guard  agalnsl  .1  slipping  of  the  reinforce- 
ment during  the  setting  ot  the  concrete;  a  t.-si  piece  of 
plain  concrete  was  also  Included  in  this  s.t  The  size  and 
form  of  the  test  pieces  are  shown   in   Figs.  3  and  4. 

These  specimens  were  bit  in  the  air  of  the  room  for  99 
days  They  were  then  dried  in  an  oven  at  a  temperature  of 
200°   F. 

In  the  case  of  the  plan;  concrete,  the  results  of  the  two 
sets  of  tests  were  quite  uniform,  both  as  regards  the  loss  of 
moisture  and  the  resulting  contraction  during  setting  and 
hardening.  The  difference  between  the  contraction  of  plain 
concrete  specimens  and  those  having  different  amounts  of 
reinforcement  was  quite  regular  at  all  conditions  of  sti 
and  is  very  instructive  The  deformation  in  the  reinforcing 
bars  provided  with  lugs  than  the  deformation  in 

the  plain  bar.  This  indicate-  that  slipping  of  the  .bars  took 
place  with  Ute  latter  during  the  shrinking  of  the  concrete; 
the  shrinkage  stress  is  seen  to  be  greater  in  reinforced  con- 
crete having  good  anchorage  of  the  reinforcement.  In  gen- 
eral some  slipping  must  be  exp 

lb.  measured  stress  in  the  steel  reached  18,000  lb.  per 
square  inch  in  the  specimen  having  reinforcement  of  0.55 
per  cent,  and  the  stress  in  the  concrete  reached  250  H>.  per 
square  inch  in  the  specimen  having  reinforcement  of  2.18  per 

cent.     This  stress  in  the  steel  exc Is  the  accepted  working 

stress  of  soft  steel  and  the  -tress  in  the  concrete  is  nearly 
equal  to  the  ultimate  tensile  strength  of  concrete  of  this 
kind. 

When   these   specimens   were   heated   above  200°    F.   these 
stresses  both  in  concrete  and  steel  suddenly  dropped  <i 
probably  due  to  injury  of  the  concrete  by  the  heat. 

Lumbermen's  Convention  at  Chicago. — The  20th  annual 
u ting   of  the   National    Lumbei     Manufacturers'    Association 

will  be  held  April  4  and  :.  at   the  Congress  Hotel,  i -,.. 

followed  April  ii  and  7  b]  an  American  Lumber  ConjJ 
The  matter  for  consideration  b]  the  congress  will  he  trade 
problems  of  the  lumber  Industry,  of  general  interest  to  lum- 
bermen, There  will  be  four  business  lesslone  on  April  >; 
and  7  following  the  opening  limner  on  April  5.  These  four 
sessions  will   be  devoted   to  the  following  subjects:     Firs' 

sion.    Commercial  standards  ami  practices  (including  claims. 
arbitration  ol  commercial  disputes,  terms  of  sale,  etc) 
ond  Session.    Lumber  publiclt]  and  trade  extension  linciud- 
ing    local    advertising,    legislation    and    governmental   action. 
building  ordinances,  financing  ot   home  building,  etc.).  Third 

Session      Staml.mli/  Ction.  Fourth   Session.  Report 

and    action    on    recommendations    and  resolutions,    (including 

report  on  permanent  organization  of  the  American  Lumber 
Con  gr  1 

One    Hundred   and    Forty-three    Cities    Interested    in   Zoning. 

in  an  address  Tan    1  at  the    American  Societj   ol  Civil  Kn 
Symposium   on    Housing  John    M.   Dries,  chief,    Di 
vision  of  Building  and   n  s,   Department   ol 

■  d    thai    more   than    50   cities   in   this  country    had 
and  '■>'•'•  cities  had  zoning  ordinances 
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The  Engineer  as  a  Citizen 

By  HARRY  TUCKER, 
Highwaj    Engineering,   Nbrtli    Carolina  State  Ci 

rii     editorial  in  the  Fi  b    22  Issue  ol  E      i  and  Con- 

tracting, "How  Loral  Engineering  Societii 
Serve   the    Public,"   suggests   to   mj    nun..  ,|    this 

article,     if  a  man's  duts   to  societj    is  measured  bj    his  edu- 

i   and  training,  then  then1  is  a   large  number  ol 
neers  who  are  not  doing  their  duty  as  citizens.     Whal   is  a 
good  citizen?    To  me  a  good  citizen  is  one  who  is  reasonably 
law-abiding  and  who  uses  his  peculiar  qualifications  and  tal- 
oi    the  good  oi  the  community  and  state  in  which  he 
lives      This  means  that   the  engineer  must  interest    hii 
in  stale  and  civic  problems,  and  bring  to  the  sol  ttion  of  such 
problems  the  peculiarly  analytical  and   business  qualifications 
he  possesses.    Broadly  speaking,  the  engineers  are  nol 
this;  they  are  not  taking  the  deep  interest  thej   should 
political  problems  of  their  communities. 

Your  editorial  suggests  two  reasons  why  the  engineer  does 
not  interest  himself  particularly  in  local  social,  economic 
and  political  problems.  The  reasons  given  are  the  engineer's 
lark  of  time  and  money.  But  there  is  another  important  rea- 
son: The  average  engineer  is  a  rather  migratory  individual. 
and  i-  not  for  a  long  period  a  citizen  in  any  one  city  or 
state.  Many  of  them  change  positions  every  year  or 
oftener;  many  others  whose  positions  are  more  or  less  per- 
manent, have  their  locations  changed.  In  this  the  engineer- 
ing profession  is  quite  different  from  some  of  the  others, 
notably  law  and  medicine.  In  these  latter  professions  the 
members  very  rarely  change  their  locations.  They  become 
fixtures  in  city  or  state — become  integral  parts  of  the  com- 
munity and.  consequently,  take  a  deep  interest  in  all  local 
economic  problems. 

It  has  been  my  observation  that,  where  an  engineer's  home 
is  permanent,  he  does  take  a  live  interest  in  politics  and  local 
economic  problems.  I  have  in  mind  several  engineers  who 
are  quite  as  shrewd  politicians  as  any  lawyers,  and  who  are 
making  their  political  influence  felt.  On  the  other  hand,  I 
know  a  great  many  more  engineers  who  have  recently 
changed  their  positions  and  residences,  and  who  are  no!  at 
all  interested  in  the  political  problems  pertaining  to  their 
particular  locations.  It  is  a  question  of  becoming  acclimated 
and  often  before  the  engineer  becomes  acclimated  he  moves 
to  a  new  location. 

It  is  not  thought  that  much  can  be  done  to  interest  the 
migratory  engineer  in  local  economic  problems.  Perhaps 
the  solution  is  in  the  direction  of  making  the  engineer's  own 
economic  position  more  secure.  It  is  the  writer's  belief  that, 
in  this  respect,  conditions  now  are  much  better  than  thej 
have  been,  due  partly  to  the  development  of  highway  and 
municipal  engineering.  Formerly,  large  numbers  of  grad- 
uate engineers  entered  railroad  service,  with  the  consequence 
that  their  locations  were  continually  changing.  Now,  man; 
young  engineers  are  entering  highway  and  municipal  work, 
becoming  in  turn  county  and  maintenance  engineers,  and  city 
engineers.  The  foregoing  remarks  are  particularly  applicable 
to  the  engineers  in  states  where  there  are  a  great  number 
of  small  towns  or  cities,  and  where  quite  a  large  part  of  the 
population  is  rural.  In  more  densely  populated  localities, 
great  numbers  of  young  engineers  are  still  entering  industrial 
plans  and  bridge  companies.  These,  a  large  majority  of 
them  at  least,  will  in  turn  swell  the  ranks  of  the  migratory 
engineers. 

The  engineer  whose  business  connections  are  fairly  secure 
will  find  many  opportunities  for  interesting  himself  in  public 
affairs.  Every  small  city  has  a  traffic  problem.  The  engi- 
neer's peculiar  qualifications  will  enable  him  to  render  val- 
uable aid  to  his  community  in  solving  such  problems.  He 
might  even  go  further  and  interest  himself  in  having  his 
state  adopt  uniform  traffic  regulations.  The  state  engineering 
societies  could  have  committees  appointed  for  this  purpose — 
especially  a  legislative  committee  to  bring  before  each  legis- 
lature the  need  of  such  a  law-. 

There  are  many  other  public  matters  in  which  engineers 
might  take  an  active  interest.  Every  small  town  has  more 
or  less  of  a  "water  situation";  there  is  always  the  question 
of  street  improvement  and  which  particular  type  of  pavement 
is  to  be  selected;  city  planning  commissions  for  beautifying 
the  cities;  railroad  and  terminal  facilities  to  be  developed; 
recurrent  bond   issues  for  improvements.     These  are  just  a 


lew   oi  the  manj    political  que  tiou  I    ntinuallj    at- 

ii .,,  tin  teres!  of  the  wide:,;-  ake  cil  i;  i  n     No  one  i 

lalifli  'i  I  ban  I  he  engineer  to  d 

variou  'the    enginei        bo  ild  bi 

heard     Nol  only  will  his  comm  bul  the 

ei-  himsi  li  n  ili  he  broad  i  -.mi  acl   wil  b  pub 

lie   thought.     The  advertising   aloni    hi    receives    \>  ill    many 

limes   paj    him   lor   the   lime   given    roluntaril]    

munity,     in  this  connection  lei  me  state  th  ^oung 

lawyer  w lie  moved  to  a  eity  seme  year    ago      Iftl 

i  .hi    l.n-   |m.Ii.  e  jUStiCi        0  l.e.l    whal    he 

ed    ie   gel    out    of   his    rai  •     In     replied       v 

lie  was  not  elected  police  justice,  inn   be  •  l i •  I  make  himself 
well  known  in  the  citizens  of  that  city  and  his  practii  e 

ol  He'  largest  in  the  eity.  Would  nol  Mi>  engineei  -ie 
well  to  follow  the  example  of  the  lawyer,  and  take  a  livelier 
Interest    in   politics;    not    onlj    for   the    ma  to    i" 

derived    thereby,    hut    in    order    to    fulfill    his    function    as    a 
citizen? 


Compressor, Truck  Body  and  Tractor  Solve 
Portable  Drilling  Problem 

In     wrecking    concrete    foundations    and     buildings,     and     in 

cutting  heavy  concrete  tor  doors,   passage  ways,  etc.,   undei 
conditions  forbidding  the  use  of  explosives,  the  timi    i 
in    getting    the    necessary   equipment    to    and    from    t lie   job 
makes   uii  a  considerable  portion   of  the   cost.     The   Craner 
Contracting  Co.,  -"HT  Tennessee  St.,  st    Louis.  Mo.,  speclaliz- 


Compressor    and    Tractor 


ok    Body. 


ing  in  work  of  this  kind,  has  solved  this  problem  in  an  in- 
teresting  manner. 

Small  portable  compressors  mounted  on  hand  drawn  trucks 
answered  the  purpose  at  first.  These  were  hauled  to  the 
work  in  wagons  or  on  motor  trucks  and  one  of  these  units 
furnished  air  enough  for  a  small  hand  rotated  drill.  The  re- 
duction in  cost  over  drilling  by  hand  with  these  outfits  formed 
a  nice  saving.  Increased  demand  for  their  services  ne- 
cessitated either  larger  crews  or  more  of  them,  or  else  the 
use  of  heavier,  faster  drilling  tools,  requiring  more  air,  and 
higher  pressure.  Experience  of  recent  years  has  shown  the 
automatic  rotating  drill  to  be  three  or  four  times  as  rapid 
as  the  older  types  in  which  the  Bteel  bit  was  rotated  by  hand. 

The  next  question  was  how  to  mobilize  sufficient  air  power 
with  suitable  rapidity.  Horse  drawn  trucks  were  too  slow 
and  motor   trucks  too  COStly. 

The  attention  of  the  contractor  was  brought  to  the  Sulli- 
van YVK-SI  compressor,  mounted  on  a  steel  truck  and  adapted 
for  haulage  and  operation  by  a  Fordson  or  similar  tractor. 
The  length  of  this  combined  outfit,  and  the  desirability  of 
employing  rubber  tires  on  the  granite  paved  city  streets 
caused  the  Graner  Company  to  look  for  an  adaptation  of 
the  tractor  drive  idea  in  a  different  form.  They  found  it  at 
low  cost  by  picking  up  a  used  truck  body  with  running  gear 
in  good  order,  rubber  tires,  and  radiator.  This  was  long 
enough  and  strong  enough  to  carry  both  compressor  and 
tractor.  A  Sullivan  8  by  8  WG-6  standard  compressor,  ar- 
ranged for  short  belt  drive,  was  mounted  on  one  end  of  the 
truck,  and  the  other  end  arranged  to  accommodate  a  Ford- 
son   tractor.     This   was   equipped   with   rubber   tires.     Angle 
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kids   were   provided    leading    from   the   truck    bod]    to 
ound      wiii'ii   read;   to  Btarl   on   a    lob   the   tractor   Is 
1  to  the  truck  chassis,  and  the  outfll  Is  hauled  bj  it  to 
di  where  the  work  is  to  be  done     The  skids  are  then 
placed  In  position,  the  tractor  mount  on  the  truck  body,  the 
ell   is  connected  to  the  compressor,  and  thi 
uppl)    is  Immediately  torthcom 
The  •  impressor  ti.is  a  capacltj    ol    121    i  u    tl    per  minute 
utionB,  and   nearly  loads  the  tractor  with  a  ter- 
minal |  if  90  lb.    Thl    supplies  abundant  air  at  proper 
in  a  Sullivan  rotator  al  full  drilling  Bpeed     The 
•  I  pullej  si/..'  hi"  the  compressor  fits  In  with  the    I  ind 
an!  pulley  on  the  Fordson  to  give  proper  compi 
The  Illustration  shows  the  complete  rig  which  forms  a  com- 
mi  of  high  air  capacity,  tullj  rubber  tired,  to  eliminate 
the  j:iis  in  the  road.    The  tractor  governor  handles  the  work 
tlj   with  the  compressor  loading  and  unloading  with  the 
d   for  air.     This  also  permits   a   wide  range  ol  speed 

from    half   In   full    sp I,   maktn)  II     I till 

lie    work    in   hand.     Thi 

iline  consumption  per  S-boui   daj   i     10  to  L2  gal., 

and  aboul    <A  gal-  ol  oil  is  consumed  dally     The  problem  of 

circulating  water  tor   the  compressor   jackei    was  solved   bj 

connecting  the   lackel   piping  to  t! i  radiator  which 

in  good  condition,  although  II  desired,  an  open  hopper  jacket 
could  have  been  furnished   with  the  compressor,  permitting 
i  in  from  a  bucket. 


The  New  Ross  Rapid  Computer 

a  qi  imputer  has  been  placed  on  the  market  by 

mputer    Mfg.   Co.,   340   Sansome    St..    San    Francisco 

Calif     The  computer  t-  one  of  a   series  invented   by   Louis 

Ross    C    E      It   provides  an  all-metal,  circular  computer,   on 


•i»r*A"     ^ 


Computer  With   Magnifier,  Desk   Cla 


d   Loose   Leaf  Case. 


the  polyphase-duplex   principle,  but   with   slmpli 

and   more   complete    scales.      It    Is    convertible    for    desk    or 

I  use.    The  computer  coi  als,  set 

tinsh  with  each  oth  concentrically,    The  dials 

■  i  by  a  hair-line  si  parent  arm. 

controlled  bj   a   thumb-lock     The  scales  are  grad- 

uated  direct  on  beavj    metal,  One  as  a   transit,  but  et 

a    hollow    conical   center    forms    a    pn  else    bearing 
.  m   in  dlami 
...ni;.  like  the  appi  <    ■  26  in     lide-i  ule 

A  magnifier.  ilui  and  direction, 

Interpolations,    and    makes    readings    appear 
than  ordinary  typewriting.    To  Incri 


train   on   band   and   eye,   a   desk-clamp   i^    provided, 
Berving  like  a  tripod  for  a  compass;  it  permits  Qguring  with 

hand  while  writing  with  the  othei      The  pocket-case  for 

computer   and   magniflei  I  o   as   a    loose-leaf    hook. 

with  '■'■■',  by  $%  Lefax  Oilers,  and  folds  to  5  bj  7  tor  carrying 
in    pocket.     The    Bcalee    are    numbered    plainly,    1160,    L160, 
1170,  etc.,  so  thai  anyone  ran  read  them  tit  flrst  Bight,  with 
proi       Eleven     ...      ....    provided,   covering   the   rapid 

solution    to    numeric,    trigonometric,    and    exponential    prob- 
lems, including  the  measurement  and  conversion  of  angles  In. 
es,  mils,  or  radians      When  any   problem   is  set   under 
omputer-arm,  a  hum  arrow   shows  the  answer,  anothei 

arrow    proles   it.      [f   problem    iiimln^    1 1 1  r«  •<  ■   items;    any    two 

items  are  set  under  arm.  opposite  third  Item  is  the  answer 
Thus  with  one  setting  it  presslons  like: 


37  98  \  0  2479  I  n  78 


\ 


ii  T!tS 


or   2.693    \    ti  1ST   tan 


sin  7:    13 


18   12'   or  0.3597   \ 


3.649 


0.497 


.  i.      ,  I, 


in  l!i°28'  54  3  \  0.02487 

The  key  for  thi  pin  .leal  -.atm^s  is  given  graphically  on 
the  arm,  in  plain  sight  -it  user  As  the  compute]  is  circular, 
the  an  w  er  oe\  er  rui  in  bandlinc 

ti tisiatii    is   locked,   anil   cannol  lentally,  how 

ever  long  the  operation,  a  feature  especially  valuable  in  fig 
uring   payroll,   unit-cost,    monthl]    estimates,    where    thi 
swer  must    be   infallible      Trigonometic    work    is   Bolved    as 
simply  as  plain  numbers,   withoul    requiring   to  turn   instru 
ment  upside  down  or  end  toi   end,  or  Qguring  mentall)   nun 
plements  or  reciprocals  of  functions,     This  makes  thi 
puter    actually    practical    tor    figuring    triangles,    travt 
slopes,  and  other  problems  that  occur  daily   in  the  engineer's 
ontractor's  work. 


Canadian  Technical  Men  in  Politics 

In  a  letter  to  the  editor  in  a  recent  issue  of  The  Contract 
Record,  Toronto,  Canada,  A.  Langlois  calls  attention  to  the 
small  number  of  technical  men  taking  part  in  the  Govern 
ment  of  Canada.    He  goes  on  to  say: 

"This  fact  is  to  be  regretted^  for,  not  until  our  engineers 
organize  themselves  and  .ml   to  greater  numbers, 

may  they  expert  the  share  due  them  in  the  distribution  of 
the  control  of  the  country's  administration,  as  well  as  theii 
share  of  influence 

"Tli  il   inward  a  greater  participation  of  scientific 

men    in    practical    politics    is    making    more    progress    in    the 

i  uited  States  wl thi    abers  of  the  engineers'  a 

tions  are  urged  to  interest  themselves  in  the  different  po 
litical   parties. 

"To  illustrate  the  little   int.  In   politics   by  our 

idian  technical  men.  the  following  gives  the  number  of 
engineers  or  land  surveyors  who  are  members 
latures  of  the  nine  provinces;   British  Columbia,  2  engineers; 
Uherta,  l  land  surveyor  (member  of  the  cabinet);  Saskatche 
wan,   none;    Manitoba,    t  I       rio,    l    enginei 

l  land  surveyor;   x.w   Brunswick,  none;   Nova  Scotia,  none, 
Edward   island    none. 

"It  is  evident  that  there  is  a  lack  of  ambition  among 
engineers.  There  should  be  ample  room  in  the  federal  and 
provincial  governments  tor  a  good  number  of  them,  even 
cabinet   mini      i  he  direction  ol   Buch  departments  as 

<>i    public    works,    railways,    mines,    colonisation,    high 

ways,  lands  ami  one  ;-  would  bi  In  safe  competent  handi 
If  their  administration    were   entrusted    to   engineers. 

"The  engineering  profession  has  too  long  been  considered 
ni   little  Importance,  and   II    then    is  any    truth  in  thi 
in. ■  ii t  coming  tr lis     thai   the  universltj 

uate    has   not    the    ability    to    handle    met      tin     means    to   o\or 

come  this   situation    would     eem   quite   simple,     it    r. 

the  development  of  the  students'  capabilities  by  broadening 

the  university  con  peciall)   by  the  organization  of 

tl i    graduates   only,  and    which   would 

finally    merge    Into  l    organization.      A    good    start 

in  that  direction  has  already  been  made  in  most  province* 
..i  the  Dominion,  and  ii  is  to  be  hoped  that  the  organizers 
ol  Hi.  movement  for  an  association  of  engineers  in  Ontario 
will  be  early  at  work  tor  the  next  session  of  the  legislature 
and  will  see  that  the  bill  providing  for  il  is  successfully 
carried    through    this    \ . -.i r 
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New  Development  in  Bascule  Bridge  Design 

A  new   design  of  bascule  bridge  was  placed   In     srvice  on 
Jan.  26  at  the  Wabash  R.  it.  crossing  oi  tl      Rii  n    Rou 
Detroit,  Mich.     The  bridge  comprise  leal    span  of 

162  ft.,  a  tower  span  of  "'■'  ft.  6  in  and  deck  girder  ap- 
proach span  of  53  ft.  2  in.  It  replaces  a  double-track  swing 
span  which  would  not  fulfill  the  requirements  of  a  statute 
passed  by  Congress  in  1917  providing  for  the  improvement 
of  the  River  Rouge  to  afford  a  waterway  200  ft.  wide  with  125 
ft.  clear  openings  at  bridges.  The  design,  which  is  now  known 
as  the  "Abt  type,"  was  made  by  the  American  Bridge  Co. 
and  the  contract  for  the  superstructure  was  awarded  to  that 
company.  We  are  indebted  to  the  Railway  Age  for  the  fol- 
lowing particulars  regarding  this  bridge; 

In   tliis   type  of  bascule  bridge  the  counterweight    is   bus 
pended  from  a  trunnion  located  .it  the  apex  of  a  triangular- 


one  ol  these  brakes  having  an  attachment  to  transform  It  to 
a  hand  brake  If  the  gasoline  engine  is  to  be  used.    On  the 

motor   shaft    all   air   brake   has    been    installed   for   full   torque 

of  the  two  motors;  also  two  emergency  braki  entirely  inde- 
pendent of  the  machinery,  arranged  to  grip  [-beams  attached 
to  the  inclined  girder.  These  brakes  can  develop  175,000 
Mi  holding  power  and  are  supplied  with  air  from  a  line 
entirely  independent  of  the  brake?  lo  the  motor  shaft.  All 
the  brakes  have  been  designed  to  set  slowlj  and  to  release 
quickly, 

The  air  for  the  brakes  is  supplied  by  a  compressor  rated  at 
25  rii.  ft.  of  free  air  per  minute,  with  a  governor  to  insure 
uniform  pressure.  The  bridge  is  operated  by  remote  control 
from  an  operating  bouse  located  south  of  the  bridge',  which 
also  contain?    the  Interlocking  machine. 

The  masonr]  supporting  the  A  frame  and  main  trunnion 
consists  of  four  cylinders    12   fl     in   diameter  sunk    lo   rock    by 


:hf  trunnion 


General   Elevation  of  the  River  Rouge  Bridge. 


d  counterweight  tower.  The  linkage  mechanism  bj 
which  this  counterweight  is  connected  to  the  bridge  span  is 
a  novel  part  of  the  design,  giving  to  the  contra-rotating  coun- 
terweight the  same  angular  velocity  as  the  span.  Expressed 
in  other  words,  this  means  that  the  angle  between  the  bori 
zontal  (or  vertical)  and  the  line  connecting  the  pivot  with  the 
center  of  gravity  of  the  counterweight  is  always  identical 
with  the  angle  between  the  horizontal  and  a  line  conm 
the  main  trunnion  with  the  center  of  gravity  of  the  leaf. 
One  of  the  links  acts  as  a  strut  supporting  the  counterweight 
while  its  fellow  is  a  tension  member  connecting  it  to  the 
movable  leaf. 

The  counterweight  consists  of  a  basket  of  structural  steel 
tilled  with  concrete  and  suspended  from  the  counterweight 
trunnion  by  stiff  hangers.  This  basket  is  enclosed  on  all 
sides,  except  on  the  side  toward  the  pivot.  This  form  of 
construction  has  the  advantage,  therefore,  that  it  may  be 
erected  in  the  hanging  position  by  a  locomotive  crane  with- 
out the  use  of  any  falsework.  Also  the  necessary  concrete 
may  be  poured  inside  the  structural  steel  basket  without  thi 
aid  of  any  forms. 

The  bridge  is  operated  by  machinery  mounted  on  a  cross 
girder  of  structural  steel  which  travels  up  and  down  two 
inclined  members  equipped  with  racks.  This  cross  girder  is 
joined  to  the  compression  and  tension  links  at  theii  i  ommon 
pivot. 

The  main  power  equipment  of  this  bridge  comprises  two 
100-H.P.  electric  motors  operating  on  three-phase,  60-cycle, 
440-volt  alternating  current.  Either  of  these  motors  is  capa- 
ble of  operating  the  bridge  alone  and  is  connected  to  the 
operating  shaft  by  separate  clutches,  the  object  being  to  use 
these  motors  alternately,  thereby  giving  greater  assurance 
that  one  motor  will  always  be  in  working  order.  To  allow 
for  failure  of  electrical  power,  a  58-H.P.  gasoline  engine  is 
provided  as  an  auxiliary  unit.  The  power  equipment  has  been 
geared  so  that  either  of  the  motors  will  open  or  close  the 
bridge  in  less  than  1*2  minutes  and  the  gas  engine  in  about 
eight  minutes. 

Each 'electric   motor  has  a   solenoid   brake  for   full  torque. 


the  pneumatic  process  and  connected  crosswise  of  the  bridge 
bj    a   pier  and  abutment  resting  on   the  cylinders.     The  rest ' 
pier  is  of  concrete  extending  below  the  bed  of  the  river  and 
supported  on  -piles  driven  to  rock. 

The  bridge  was  fabricated  at  the  Gary  plant  of  the  Amer- 
ican Bridge  Co.  with  Albert  Reichmann,  western  division 
engineer,  in  charge.  The  erection  was  under  the  direction 
of  James  L.  deVou,  Pittsburgh  division  erecting  manager  of 
the  American  Bridge  Co. 


New  Working  Rules  for  Bricklayers,  Masons  and  Plasterers. 

New  working  rules  for  approximately  ll!i, nun  members  of 
iii.  Bricklayers,  .Masons  &  Plasterers'  international  Union 
..I  America  are  established  by  a  consent  decree  drawn  up 
and  signed  in  Washington  on  Feb.  24.  The  decree  followed 
a  conference  with  Attorney  General  Daugherty  with  the 
leaders  of  the  union.  It  will  be  entered  In  the  United  States 
Court  in  New  York.  The  work  of  preparing  a  decree  that 
would  be  accepted  by  more  than  50  representatives  of  the 
various  locals  throughout  the  United  States  and  by  the  gov- 
ernment followed  research  and  inquiry  on  the  part  of  the 
federal  olliciali  foi  nearly  four  months.  The  decree  provides 
in    brief: 

There  is  to  be  no  limit  to  the  productive  capacity  of  the 
Individual  workman  within  the  working  day  or  any  other 
time. 

There  is  to  be  no  limit  upon  the  right  of  the  employers 
to  purchase  their  material  wherever  and  whenever  and  from 
whomever  they  may  choose,  whether  these  materials  be 
union  made  or  otherwise. 

There  is  to  be  no  favoritism  shown  by  organized  labor 
toward  employer  or  trade  associations  and  no  discriminations 
are  to  be  indulged  in  against  the  independent  employer  who 
may  not  be  a  member  of  such  an  organization. 

The  labor  organization  is  not  to  he  used,  or  permit  itself 
to  be  used,  by  material  men  or  contractors  or  subcontrac- 
tors as  an  instrument  for  the  collection  of  debts  or  enforce- 
ment of  alleged   claims 
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The  New  Chicago^Passenger  Station  of  the 
Illinois  Central  R.  R. 

i     01  i    ol   I  le  Impoi  tanl   -'■  ps  in  thi 
:   Improvemi  ul  .u   1 i ■  ■    Illinois   i  •  ntral   i;    R    aa 
provided  for  In  an  ordln  n  •   bj   the  Council 

b      luly  21,  1919  "'   '  "•' 

I  ition 
In  i  .id. .ii  will  liav<    man)   marked  advanl 

I  uit)    to  the  downtown   I 
..>  to  the  Field  Museum  ol   Natural  Historj    thi 
-..•I  in  in   and   (..  Qranl    Park    with    Its   system   ol    drive- 
whicb  «iil  extend  tor  man)  miles  along  the 
righi  ol  wa)   ol  the  railroad  company.     The  new    pas 
terminal   will   be  easil)    reached   rrom   all   parti 
by  means  ol  the  elevated  railroad,  the  streel   car  lines  and 
.in I   particular^    rrom   the   north   and   south 
■    electrified  Illinois  Central  suburban  service, 
which  will  be  16  miles  in  length  and  from  which  direct  con- 
■i  will  be  made  with  the  new  station  b)   means  of  com- 
modious   ramps   and    eli  > 
Tb.   new   station  building  will  be  locatei  ol    Michigan 

;  is)   -until  oi  Road.    This  latter 

Is  io  be  made  an  .';»i  and  west   boulevard    118   ft.  In 
width  and  "ill  be  extended  entirel)  across  the  righi  oi   wa) 
railroad  as  a  viaduct  to  conned  with  Grant  Park    The 
I   .     ,-iaduct    will    connect    directly    with   the 
waiting   room   of  the   new    station      The   plans   for   the   new 
ttlon  ( ontemplati  I  ion   ol    one    ol    the 

terminals  of  the  world  and  i  which  will 

be  of  ampl<  amodate  a  number  ol  railroad 

than  those  now  using  thi  entral  Station.     In  style 

cture   it   will   probably   harmonize  with   the  classic 
of   the   Field    Museum.      Provision   will   be   made  for 
25   station   tracks  on   th.-   upper   level   and    for   the  po 
addition  of  approximate!)  an  equal  number  on  a  lower  level 
me  future  di 
An  important  acc<  ssoi     to  the  proposed  passenger 

will  bi  ■■  ii' i  a  tunnel,  located  just  north  Of  and 

parallel  t..  East  Roosevelt  Road,  extending  east  and  west 
under  the  railroad  company's  right  ol  way.  'Phis  tunnel 
win   aci  surface   Une   cars   and    will   be   connected 

with  th.-  passenger  station  tor  the  convenience  of  passengers 
arriving  by  this  n  - 

With  the  construction  ol  the  n.-u  station  man)  changes 
and  improvements  will  i  ••  inaugurated  tor  the  benefit  of  the 
traveling  public,  it  is  proposed  to  erect  a  modern  hotel 
building  adjacent  to  and  directl)  connected  with  the  station 
in  much  the  same  manner  as  was  done  at  Grand  Central 
and   Pennsylvania  Terminals   in   New    York  City. 

I  i. a.ii    yards    and    mechanical    facilities    will    be    suit- 
ably located  south  ol  the  passenger  station  and  will  include 
all    necessary    appurtenances    for    the    storage,    repair    and 
cleaning  ol  equipment  used  by  the  railroads  which  will  enter 
Adequate    facilities    will   also   be   provided    foi 
the  handling  of  baggage,  mail  and  express  and  will  be  located 
thi      '..tion. 
Th-  •  -i   under  the  passenger 

:     tunnel    lot  west     side    of    the 

right  of  wa)  ami  will  be  depressed  to  an  elevation  approxi- 
mate :  below  lake  level 

hi    development    In    this    program    will    be 
the   construction    of   a    new    suburban    pi  Hon   at 

Randolph  street,  commodious   In  si/.-  and   modern   in  all  re- 
which    will    be   directly   connected    with   the   present 
ibway  und.r  Michigan  avenue  at  Randolph 
and    tl  the   hazard    to    suburban    patrons    en 

Michic  treel    grade,      similar    improvements 

■     i 
imber  ..t  othet  point  .  Ini  ludlng  a  pedestrian 

•  chlgan   avenue   at    and   d  i < ■  ■  •  t ! >    ii.rioi 

engei     tation 
In  order  to  maki 
it   will    be    i  pletely    reconstruct    all 

present    tr.-  b.1    and    pa 

from  ' 
will    ■  lendlturi  ma  ol   dollai  -   In  addi- 

le  j  the  Chicago 

Terminal  Improvement  oi  the  llllno  R 


Personals 


Edmund  H.  Gibson  the  building 

Clyde   C.    Kennedy,   consulting    engineer,  San    Fram 

Ins   office    n  lldg  ,    to    i:..< 26  S 

•  ■.  u   Bldg     Ni  w    Mom  San   Francisco 

Prof.    C.    C     Williams,    bead    ..f    the  I    En 

■ir    at     III.-    In 

Onlvei 

T.    Ft.    Fluk.  i    th.- 

QrlfBn    -  i 

rm  of  gos  •  i  inn. -ni  ..f  Quit  man,   i  !a 
and  will  assume  in-  duties  uboui   April  I. 

William    McClellan,    Peter    Junkersfeld    and    Horace    T.    Campion  ' 
announi  e  t  hi    oi  ganisatlon 

ii porati  d,  for  thi  ■  n    Ine.  i  Ing  and  con 

Hon,  wnli  ..ii...-  at   IS  Will, .on  SI  .  New    I 

Col.    Gcorrje    L.    Watson  i    16    West 

\'ew  yorlt  I 

new  •  i'  orated  with  thosi  lohnson 

pany, 

]  clientele,  will  collaborate  on  tin    engineering  work 
pi  nj 
The     Watson     Engineering    Co.,    archil 

t  Ave..  Clevi  hi:     Hadlow    and 

\\  .  P.   Brown  have  retired  from  th. 

i     Wat- 
pi  esldenl  and  Mi     R    L    Bard  ng  \\  llbui 
.1.   Watson   continues  as   i                                                             ■     man- 

I  -        s      }■'      \ : 
late  A.   R.   Vl 
I  >    Watson   has  had  j 

ructii  I  larding 

has   been    with    the   <  agent 

!    ■ 


Obituaries 


d 


Alexander   M.   Gow.  ei    ol    the   Oliver   Iron 

died    March  8  ai    his   home,   1913   East    Ith   3i  .   Duluth, 
.Minn,  aged  60      Hi  late  of  Ohio  State  Unlversli 

Panhandle   Railroad,  with 
ind   later  with   the   .-nun 
depart  men  I   foi   i  he   Fin  I  G  nor       He  i  ame  to 

i,   L905 
William    H.    Garland     In. I    Hard     1    it    \> -w    Orleans,    La       Mr. 

.  eater  pan  ..f 
his  life  was  spent   In  other  parts  ol   the  countrj   and  abroai 

II  War  under  SI  mewall    I  lowing 

. -.,  i.  ,  i-  hi    was   foi  wit!      he  1    Igar  Thompson 

Steel  irgh.   and   later   was   engaged    in   n 

construction  work  In  Europ.     China,  Central  and  Soutl 
William    John   Jackson,   divisioi 

Chicago  .  <•:     Co.,    u  Inona,    M  Inn., 

iml'l'.    having   sufl  ick   .a    pneunv 

rn   Jan.   7.    I 

igo  Public  Schools  and  tbe 

■    its    ol    Dlinoii       He  irlng   work   with  the 

,\    North-Wi  -  trting  as  tapeman   April  I,  1899; 

served  -.nd  assistant   engineer  until  be 

Minnesota  and  t  takota  I>i- 

Aprll    i     L912       ■■: I  di'  neei     iladl     ■  ■    i  i  -■ 

11,  1913:  promoted  to  Division  i  i  nesota  and  Dakota   Di- 

ll until  his  death. 


Industrial  Notes 

L.   P.   Lessard.   foi  met  sail         lai  T.    I. 

Smith  Co.,   Milwaukee,   Wis     i        been  appointed  district    ma 

ii     w     Rooa  Co.,  c irete  form 

I  "ni.  ini,. i 
George   S.   Hedge.  Harold    I.     Bi 

U 

nised  the  Hedg.   &   Matthels  Co.  with  oil 

!   will   deal   in   construction 

W.    B.    Louer   Co..  equipment,    11    V.     Ilarrlaon    St., 

ndllng  the   Foote  paving   mixer,  and  thi    Cropp 
buildii  I  ■    Rol   -   and    I  ■«  II 

Beach   M.om:    i  of  <  'harlol  i.-.  m  Ich     road  m 

the  Sha  iw-  Enochs   Ti 

how. 
The  plant  and    interests  of  the    Pelton  Water  Wheel   Co.  of   San 
New  York  ha  red  b>  the  w  illiam  I  'ramp 

■    illdlng   i".'    "f   Philadelphia      Thi 

of   polio]    are   conti  mplii  ted,   but    new 

I     i:    Tin  loi  (Tin 

Ship  &    En*   - 

of  The 
C ■  William    M. 

Trade   Publications 

Tin 

.1  reci  nth  - 

Ho-.i  SI      i: klyn     N 

N        I: 

Redwood    Lumber       I  Smith 

mi  thoda    and 
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A  British  View  of  American 
Architecture 

rial  in  Concrete  and  Constructional  Engineering,  London. 

Whether  It  was  coincidence  or  forethought — we  susn 
combination  of  the  two — that  synchronized  the  exhibition  of 
American  architecture  at  the  Royal  Institute  of  British  Archi- 
tects with  the  disarmament  conference  at  Washington,  tin- 
incident  affords  a  happy  augury  for  future  relationships  be- 
tween the  groat  countries;  a  fact  that  Lady  Astor,  M.  P.,  was 
quick  to  realize  when,  in  the  course  of  performing  the  open 
lug  ceremony,  she  said,  "I  think  America  and  Englind  should 
remember  that  it  is  taste  that  unites  countries,  not  treaties 
There  is  a  very  close  parallel  between  the  relationship  of  the 
Am.  ri  an  to  the  Englishman,  and  of  American  architecture  to 
English  architecture.  It  is  no  rare  event  tor  Americans  ot 
more  thoughtful  disposition  to  experience,  on  arriving  in  Eng- 
land for  the  first  time,  a  strange  feeling  of  kinship;  the  visit 
assumes  the  aspect  of  a  familiar  return  rather  than 
adventure.  So.  too.  the  American  architect  is  at  once  aware 
that  he  is  amongst  the  prototypes  of  his  own  great  at  tional 
architecture,  for  the  Freuch  influence  that  is  aow  so  marked 
in  American  architecture  is  a  comparatively  modern  growth 
and  dates  from  the  World's  Fair  of  1893,  from  which  date  the 
great,  name  of  McKim  emerges,  and  from  thence  onwards  the 
influence  of  the  Beaux  Arts  tradition  becomes  more  promi- 
nent. America  has  assimilated  the  best  from  Europe,  and, 
the  intervention  of  the  Atlantic  giving  just  that  distance  of 
vision  necessary  for  freedom  from  sentiment,  has  boldly  and 
splendidly  converted  it  to  her  own  ends.  Thus  it  is  thi 
find  in  some  of  the  smaller  works  of  domestic  architecture  a 
delightful  harmony  between  French  and  English  elements  that 
woula  be  impossible  in  either  of  the  countries  of  origin.  The 
transplantation  of  Gothic,  however,  does  not  seem  to  have  met 
with  such  success.  The  reason  may  be  that  the  beauty  of 
Gothic  is  so  largely  the  result  of  its  very  definite  structural 
limitations,  and  in  its  history  the  gradual  surmounting  of 
these  limitations  is  to  be  traced.     Today  they  have  been  en- 


tirely transcended,  owing  to  the  development  of  new  mate- 
rials, so  that  to  build  a  Gothic  structure,  retaining  these  limi- 
tations, hecoim  s  an  anachronism,  to  build  and  to  ignore  them 
is  a  sham. 

The  Englishman,  visiting  the  exhibition,  must  have  been 
impressed  by  the  greatness  of  conception,  by  the  scope,  and  by 
the  opportunity;  for  architects  are  limited  by  the  attitude  of 
their  age  towards  architecture.  There  is,  it  is  true,  a  certain 
interaction;  opportunities  make  architects,  and  architects 
make  opportunities,  nevertheless,  it.  must  not  be  overlooked 
that  in  America  the  commercial  asset  of  a  fine  building  is 
understood;  moreover,  there  exists  among  I  lie  people  what 
may  be  termed  an  architectural  consciousness  which  is  grad- 
ually being  created  in  England,  but  the  process  is  slow  and 
laborious,  and  until  it  is  effected  we  shall  continue  to  have 
meanness  and  ugliness  in  our  midst.  Meanwhile,  we  look 
with  envy  and  admiration  at  American  work,  we  are  astounded 
at  its  scale  and  its  prodigality  and  at  that  elusive  quality 
which  applies  equally  to  architecture  as  to  mankind,  and 
which,  In  the  latter  connection,  is  referred  to  as  good  form. 
\n  aspect  of  this  quality  is  revealed  in  the  extreme  refinement 

tail,     Particularly   is   this  noticeable   in  domestic  work. 

Is  expended  on  such  details  as  the  exact  texture  of  brick- 
work and  in  its  pointing,  in  the  moulding  of  the  smallest 
architrave,  and  the  graining  of  a  door.  Everything  assumes 
a  proper  degree  of  Importance  and  receives  a  proper  degree 
Ot  attention.  It  must  not  be  assumed  that  the  English  and 
the  French  are  the  only  European  influences  to  be  found  in 
American  work,  often  the  inspiration  can  be  traced  direct  to 
the  sour..'  of  the  Italian  Renaissance  or,  as  in  the  Pennsylva- 
nia Railroad  Station  at  N<  w  York,  one  of  the  greatest  achieve- 
ments of  McKim.  Mead  &  White,  to  Imperial  Rome,  and  here 
and  there  Spanish  elements  are  to  be  observed.  The  rich  di- 
versity of  treatment  is  largely  the  result  of  climatic  condi- 
tions which  vary  immensely  in  different  parts  of  the  country. 
It  ;*  difficult  to  appreciate  the  significance  of  this  influence, 
accustomed  as  we  are  to  our  own  so  very  limited  variations, 
an^  viewing  work  gathered  together  from  all  quarters  of  half 
a  vast  continent  within  the  confines  of  a  small  gallery. 
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V'el  ovei  .  ii  there  is  a  spirit  of  modernit)      The  \-:>- 
elements  ar<   made  to  llvi  synthesized 

into  something  new,  virile  and   expri  '   archi- 

tecture-loving permit       \n.i  thii  not  lim- 

ited i'  the  designs,  bul  extt  ml-  also  to  the  handling  o(  ma 
terlals  No  prejudices  are  allowed  to  Btand  In  the  waj  of 
the  us.-  cf  a  material  if  it-  efficient-)  be  proved  Architecture 
is,  after  all,  subservient  to  huraanlt)  fore  i" 

aslng  change      ii    cannot   live  In  the 
i  find  thai  the  American 

architect  Is  quick  to  realize  the  possibilities  « ■  i  concreti 
matorial   for  ever)   .lass  ol   building    and  quick  to  discover 
:uui  exploit   ii>  aesthetic   possibilities       Assuredly   wt 

to  learn  from  America,  and  wi   shall  be  helped  In  our 
Instruction  by  exhibitions  Buch  .is  thi   one  recently  displayed 
he  a. ills  ui  the  Royal  Institute  Df  British  Architects. 


The  Electrification  of  Railways 


means  ol  advanced  types  ol  steam  locomotives,  with,  In  addi- 
tion, .1  i>\  in  means  small  acquaintance  with  electric  traction 
both  ;n  borne  and  abroad. 


Everyone  connected   with  railwaj   operation  in  a  practical 

and  presumably  all  who  have  even  an  Indirect  Interest 

in  tlie  subject,  must   realize  that,  so  far  as  It    is  possible  i" 

II,  strum  will  in1  superseded  b)   electricity  as  a  means 

i]  ulsion.    it  is  just  as  certain  thai  the  Bupersession  will 

gradual  one,  and  thai  very  man)  years  must  necessarily 

before,    if    ever,    the    strain    locomotive    dis;.; 

altogether. 

This  i  lass  nt  •■ii«iiu>  ir.is  played  an  all-important  part  in  the 
evolution  of  railways,  and  after  something  like  100  years  of 
practical  utilitj  ii  is  even  yet  capable  ol  improvement,  and 
may,  before  being  finally  abandoned,  assume  characteristics 
which  at  present  have  not  been  developed  to  the  practical 
rtheless,  thus,  who  regard  the  coming  of  electric 
n  in  anything  like  a  general  form,  as  something  about. 
which  it   is  nnneces  t  neseli   yel   awhile,  may 

find  much  to  reflect  upon  in  the  paper  on  "Railway  Electrifica- 
dings  ui  the  North-East  Coast 
Institution  ui  Engineers  and  Shipbuilders  towards  the  end  of 
hr  by  Sir  Vincent  i.   Ka\ en,  Chief  Met  hanical  Engineer 
of  the  North  Eastern  Railway,    Had  the  papi  r  emanated  from 
i  trical   engineei    pun    and  simple,    it    could,    perhaps, 
hardly  havi  ible  to  the  electric  system,  for 

although  the  author  in  bis  opening  remarked  that  "in  consid- 
ering the  substitution  ol  elet  trie  tor  Bteain  locomotives  it  will 
denl  thai  there  are  a  number  of  prominent  features  in 
both  types  which  are  perhaps  besl  expressed  by  the  terms 
'for  and  against,'  oi  'advantages'  and  'disadvantages.'  "  One 
may,  on  reading  further,  be  excused  if  he  arrives  at  the  con- 
clusion that  the  hulk  of  the  evidence  is  rather  against  than 
lor  the  steam  locomotive  and  generally  in  favor  of  the  other 

It  would,  perhaps,  be  beside  the  point  to  contest  the  state- 
ments made  in  the  paper  as  to  the  mechanical  disadvantages 
"i  tie  si •  am  locomotive,  especially  where  some  of  the  limiting 
factors  are  ,  it,  on  the  other  hand,  there  is  some- 

thing to  be  said  in  defensi    nl   Hi.      i    am  locomotive,  and  more 

or  le-s   j,,  reply  to  such   points  as  "the  locomotive  being  a 
complete    individual  unit,   it s  power  cannot    be  greater  than 

the    capacity    ol    the    boiler,"      It    seems    only    fair    to    remark 
that,    owing    to    the    very    fact    of    the    steam    locomotive    being 

completely   independent    (of  outsidi    aources)    for  its   power. 
alts  in  the  i  ily  the  one  Individ- 

ual engine,  whereas   with  electric  traction   traffic  movement 

•in   the   whole  of  a    section    may   he    paralyzed    by   a    breakdown 
at  the  point  from  which   the  energy  radiates 

Sir  Vincent  Raven's  long  experience  a-  a  locomotive  engi- 
i  wiih  his  knowledge  and  practice  in  connection 

with    electric    locomotives   and    traction    systems,    make      an) 

thing   that   he  may  write  or  sa)    upon   the  subject   well   worthy 

Mimi.   and   Blthougb   on    I  paper   appears 

in  relegate  the    team  locomotive  to  a  position  of  inferiority. 

there   is.   as   a    matter   ol    course,   nothing    in    it    which    can    be 

nisrepresentlng   racti    regarding  a  class  c.r 
and  must  for 

•.main     the    one    upon     which     the    all  important 

in  of  hauling  trams  on  railways  devolve      •  •  .   •     n 

will,   we  think,  generally  be  conceded   thai   Sli    Vincent 

ii  Mm    addii 

otlve  a  paper  which  ba  •  .  on>  Ii  tlon 

ii  experience  gained   In  the  « roking 

'  'iithi  up  rallwa)  traffic  in  tin    nl  i  y  by 


The  Civil  Engineer 

Prom  i  ring     London. 

Thai    engineering    continues    to    I"      an    arl      rather     than     a 

i    legitimate  deduction,   from   the   importance  at- 
tached  to   practical   experl iii   the   able  and   Interesting 

presidential  address  which  .\ii    William  Barton  Worthlngton 

delivered  to  the  Institution  ol  Civil  Engii rs  on  Nov.  2.    Mr. 

Worthlngton  direct  ttention  to  the  importance  of 

maintenance  work  ami  to  the  Influence  which  experience  in 

repairs  ami  r<  uewals  exercises  mi  the  design  of  new  Btruc- 

oi  appliances     Occasionally,  no  doubt,  such  work  calls 

loi    the  exercise  of  the   highest    p.. wis  of    una  g  i  na  I  it  >n  ai..|    ex 

ecutive  skill,  bul  when  these  circumstanci  irisi  the  work 
i-  apt  to  be  so  strenuous  as  to  preclude  the  ovei  wrought  and 
harassed  engineer  from  |  roperl]  appreciating  its  inherent 
interest.     The  experience  gained  in  such   work   is.  however, 

simply    invaluable,    and    man)  catastrophes    may 

be  traced  to  the  lack  training  on  the  part  of  Btruc 

tural  designers. 

<q  late  years  fat  eers  have  been  reluctant 

to  admit  thai  an  empirical  factor  is  involved  in  fixing  the 
scantlings  of  roof  and  brldgi  members,  and  have  been  prone 
to  assume  that  a  knowledgi  ol  stress  analysis  is  all  sufficient 
for  the  proportionmenl  ol  bridges,  roofs  and  cranes.  One 
result  has  been  such  discreditable  failures  as  the  collapse  ol 
the  giant  cranes  provided  foi  thi  Panama  Canal.  A  main 
tenance  engineer  learns  much  thai  he  could  never  acquire 
in  the  office  Loose  rivets  oi  buckled  plates  will  teach  him, 
loi  example,  that  the  stiffening  ol  ■>  member  is  on  the  border 
line  of  danger,  a  fact  which  thi  office  man  may  learn  only 
through  a  complete  and    possibl)    disastrous  failure.     Amongst 

'lie  i us  now   spi  :iall)   attended  to  as  the  result  of  experl 

■  nee  Mr.  Worthingtcn  noted  the  care  taken  to  provide  thai 
all  Steel  work  not  permanent!)  protected  from  the  action 
of   air   and    damp   shall   be    n  adily   accessible   for    painting. 

Tl gb    in    SOU!  I   ii  j  i  ii.  .1    de    ills   of   this   kind    the   designs  of 

our  railwa)  pioneers  have  piw  d  defective,  tin-  really  aston- 
ishing point  is  the  extraordinai  endurance  shown  by  struc- 
tures the)  built  at  a  time  tvhen  the  weight  of  a  complete* 
locomotive  was  in  some  cases  less  than  that  now  concen- 
trated on  a  single  axle  in  course,  many  bridges  have  had 
to  in  completely  replaced,  am;  Mr.  Worthlngton  noted  in 
particular  the  laminated   timbei    arched    viaducts   Introduced 

by   Joseph    Locke  on   a   number  of  railways,   for   which  he  was 

'  ponsible.  fJlttmatelj  all  ol  these  had  to  i"  replaced  after 
a   life  oi    from   ii;   i  whilst   som<    stoni    arches  of 

similar  span  erected  at  about   tin    same  tim<    by  Vlgnoles  are 

still   in   use.   and   al    tin    m  IS<  I       di  d   nothing   more  than 

the  strengthening  of  the  Bpandrll  walls  against  the  pressure 

of  lb.  lilling.  Mi.  Worthlngton  in  Ibis  connection  raised  the 
difficult   question  as  to  whether   il    would   not    have   been   better 

in  have  avoided  the  use  "i   non-permanent   materials   in  the 

lirst  instance,  and  from  the  purely  actuarial  standpoint  the 
answer    would,   no   doubt,    hi     in    the   affirmative        Tlie   matter 

is.  however  not  i"  be  Bettli  d  o  simply,  in  tin-  United  states, 
tin  example,  the  communit)  was  confronted  with  the  alterna- 
tive oi  having  either  cheap  railways  or  n  i  railways,  and  verj 

wisely  accepted  the  former,  in  spite  ol  Ho  attending  draw- 
backs of  large  charges  in  subsequent  years  for  maintenance 
:  ■  1 1  ■  ]    replacements, 

Mi.    Worthlngton    has    an    heredltar)    Interest    in    the    old 
timi  •  i   luiii  es  al  fat ber  » orked  much 

overtime   on   the  dt  riou     occasions    not    getting 

awa)  'mini  the  office  nil  ten  or  twelvi  al  night.  With  so 
little  precedent  i"  serve  for  guidance,  work  of  this  character 
must  always  have  necessitated  long  bonis  ol  arduous  thought, 
and,  in  Cacl  the  same  remains  true  "i  every  really  new  de- 
\  elopmi  Ineering   when  leral,  only 

'i  b)   heav)   toil  dom    out  "i  ordinary  office  hours     In 
on.    respect    th<    engineei     "i   the  period  In   question    bad  an 

advantage  over  those  engaged   In  esponding  work  today. 

The  labor  problem  was  less   insistent      The  proletariat    hud 

not  ha.i  time  in  forgel  'he  hardships  ami  constantly  recurrent 

.ii.    pre-capitalist   period,  ami  so  fat   from  regard 

ing    as    natural    enemies    h engaged    in    developing    the 

resources  ol  the  country,  are  reported   in   more  than  one  In 
."  have   of!  k   or  a    fortnight's   work   fret), 


I 


Engineering   and   Contracting  for  March    29,    1922. 


287 


when  tin-  alternative  was  the  immediate  abandonment  oi  an 
enterprise  on  the  verge  of  sun-ess.  Today,  whilst  confronted 
wiin  technical  problems  quite  as  complex  olved  by 

our  pioneers,  the  engini  er  has  to  de  ol  hall  his  time 

lo  labor  difficulties,  and  in  sonn    calling  rtii  ular,  that 

oi  mine  mans  er  In  I  be  northern  at 

i    cases  of   nervous  collapse   from    tl  tanl    over- 

strain. 

No  doubt  in  I  in    old  das  s  too  littl i 

to  the  human  element  In  industry,  and   Is  salt   with 

b     u   n    were  ; i  e  commodity.     That  this  con 

of  affairs    hai    disappeared  is  a  eain.  but   th<    pendulum  luis 

swung   too   tar  in  the  opposite  direction.      !i     I'ancei    either 

Inary  or,  at   the  most,  providing  an  oi  a  con- 

:  ompromise  have  bei  a  made  I  [or  dis- 

trikes,  which  I13    thi    i usnl  destruction  or  non- 

on    of    tn  ealth    have    necessarily    low  erei 
standard   of  living  of  the  commonalty.      \ 
they  have  greatlj   Increased  the  burden  on  tl 

w ,    have  heard  a  powei  station  superintend!  i    iii.it 

the  troubles  consequent  on  the  coal     him    ic  i  n 

oft'  his  life      His  stokers  struck  rather  than   handli    Belgian 
coal,  ami   tin-   whole   tramwaj    service  oi    a    largi      rea    was 
threatened    with   a    stoppage   in   consequence 
was.  however,  maintained,  but,  as  is  usual,  the  general  public 

nothing  of  the  man  to  whom   they   wen    indebt 

salvation  from  such  serious  inconvenience.  No  doubt  where 
an  undertaking  is  in  private  hands  labor  of  this  kind  ma  in- 
frequently receives  some  special  recognition  by  the  directors 
and  shareholders,  but  in  the  case  of  a  municipal  undertaking 
there  is  more  than  a  possibility  that  the  engineei  ole  re 
ward  will  be  a  sense  of  duty  done,  Which  max'  be  largely 
by  the  fear  that  this  will,  by  one  or  other  of  the  various 
political  parties,  be  counted  against  him  for  unrighteousness. 
Mr.  Worthington  referred  in  his  address  to  leu  littli 
tin  engineer  makes  in  the  public  eye.  but  this  is  an  old 
story. 

In  the  United  states  mat  tors — according  to  Mr.  Waddell  — 
are  at  present  as  bad.  if  not  worse,  than  her.  Mr.  Worth- 
ington,  in  one  part  of  bis  address,  observed  that  civil  en- 
Liin  ering  cannot  be  thrust  upon  a  man,  but  according  to 
Mr.  Waddell  this  has  actually  occurred  in  America,  where  a 
lawyer  was  appointed  State  Engineer  on  the  ground  that  the 
Id  by  a  competent  politician.  Between  the 
of  thought  of  the  average  politician  and  tic  ,  ngineer 

there  is  a  gulf  as  groat   as  that  between  the  mentalit 

.Tubal    and   Tubal   Cain.      The   former,    we    are    told,    sat  i 

trie   impassable  seas,  which  Tubal   Cain  forthwith   proved    to 

ion  ■  \istein  by  inventing  the  boat,  to  the  great  anno 
of  the  discredited  seer. 


Sewer  Gas 

rial   in    The   Surveyor.  London. 
Since    it    was    discovered    that   the    supposed    6  to 

ducing  properties  of  sewer  gas  have  been  greatly  exaggerated, 
comparatively  little  attention  has  been  given  to  the  dangers 
to  life  which,  apart  from  any  question  of  disease  r- 
are  |  tesent  in  sewers  and  sewage  tanks.  The  excellent  paper 
read  by  Mr.  H.  C.  Whitehead,  chief  assistant  engineer,  Birm- 
ingham, Tame  and  Rea  District  Drainage  Board,  before  the 
Institution  of  Municipal  and  County  Engineers,  draws  at- 
tention to  these  dangers.  It  is  probable  that  Mr.  White- 
head's  work  will  save  the  lives  of  many  persons  who  have 
to  work  in  sewers.  The  author  draws  our  attention  to  the 
possibilities  of  poisoning  by  sulphuretted  hydrogen,  suffoca- 
tion through  lack  of  oxygen  and  injury  cause,!  h  .  the  ignition 
of  inflammable  gases,  which  gases  include  coal  gas  entering 
sewers  through  leaky  gas  pipes  and  petrol  which  often  finds 
its  way  into  sewers  owing  to  carelessness  or  accident.  It 
is  clear  that  the  old  method  of  testing  the  air  in  a  deep  man- 
hole by  lowering  a  lamp  is.  under  present  condition 
tremely  dangerous  and  likely  to  lead  to  an  explosion.  It 
would  be  a  mistake  to  imagine  that  these  ate  alarmist  ideas. 
A  careful  study  of  the  reports  of  inquests  will  show  the  ni  ed 
for  greater  attention  to  this  important  subject.  Moreover, 
as  the  author  very  clearly  shows,  it  is  possible  to  avoid 
i  dangers  by  taking  simple  measures  of  precaution.  The  pres- 
ence of  sulphuretted  hydrogen  is  readily  detected  by  means 
of  lead  acetate  papers,  which  are  easily  obtained.     If  one  of 


these  moistened  papers  is  lowered  into  the  manhole,  and  it 

within  .1  minute,    ulphuretted  hydrogen  is  present  in 

fatal  in    dangei  en--  quant  me        Phi  I     oi       ck  oi   oxygen 

is   made   b\    lowering  a   safety-lamp   into   the   manhole,  and  if 

out    within   two  minutes   it   mas    he  assumed   that   there 

is  Insufficient  oxygen  to  upporl  n  piration,  This  test  is 
safe,     Though  it   is  sometimes   pos  Ible   to  live  and   bri 

ii    much  difficulty  in  air  which  will  extinguish  a  lamp, 

it    is   \  erj    uuw  ise   to   take  i  he   i  i    1,    oi    'lei;:.       o        I  be    pi  I 

e lammable  ga  sea  is  to  be  di it ei  ted  bj   means  ol  a    • 

tor"  tyi i   safety   lamp,  as  used   In  coal  mines.     Somi 

i rt   who  are  accustomed  to  smoking  in  si  iki   may 

In     sceptical     when     the;,     bear     that     king     In     sewers    or 

;i     tanks  should   he  absolutely  forbidden       The    li.ihit    may 

in-  extremely  dangerous,  but  it  is  by  no  means  uncommon, 
and  it  would  bo  of  Interest  to  cany  out  an  experiment  in 
ordi  i  to  see  whether  it  is  possible  to  ignite  an  explosive  gas 
by  means  of  a  pipe  burning  tobacco.  Probably  the  objection 
to  smoking  is  in  the  possibilitj  of  matches  being  lighted  in 
the  sew  (  r  tank. 

The  above  consideration-  certainly  show  that  the  need  for 
ventilating  sewers  is  greater  than  is  generally  supposed. 
Further,  the  construction  and  the  design  should  receive  con- 
sideration in  order  to  ensure  thai  nothing  is  done  to  cause 
In  generation  of  gas;  thus,  manholes  containing  back  drops 
or  junctions  between  high  and  low'  level  sewers,  settling 
tanks,  storage  tanks,  tank  sewers  and  covered  sewage  tanks 
of  all  kinds  are  obvious  sources  of  danger  unless  proper 
steps  are  taken  for  the  protection  of  those  who  have  to  work 
in  them.  Mr.  Whitehead  drew  attention  to  the  dangers  from 
trade  wastes,  a  point  which  was  emphasized  by  Mr.  J.  D. 
Watson  in  the  discussion.  The  wearing  of  gas  masks  in 
sewers  was  referred  to  by  Mr.  Meek,  the  city  engineer  of 
Manchester.  It  appears  that  in  that  city  the  sewer  men  find 
such  great  discomfort  in  working  in  masks  that  it  is  doubtful 
whether  the  method  is  a  success.  Other  speakers  referred  to 
the  great  dangers  due  to  the  discharge  of  petrol  into  sewers, 
a   matter  needing  special  attention  and   prevention. 


Wages  and  Costs 

al  in  Times  Engineering  Supplement,  London. 
In  the  memorandum  on  the  earnings  of  labor  and  costs  of 
production  issued  last  week  by  the  Federation  of  British  In- 
dustries on  the  report  of  the  Production  Cost  Sub-Committee 
of  the  Federation's  Trade  Depression  Committee  the  state- 
ment is,  in  effect,  repeated  that  when  other  causes  tending 
to  depress  trade  have  been  removed  we  shall  compete  suc- 
cessfully  with  other  countries  only  if  our  real  costs  are  com- 
putable with  those  of  producers  abroad.  By  far  the  largest 
element  in  costs  is  wage  cost,  which  includes  what  is  paid 
not  only  to  the  industry  directly  in  question  but  to  other  in- 
dustries— fuel,  power,  materials,  machinery,  transport — 
whose  services  it  has  to  employ.  To  bring  costs  to  a  level 
at  which  the  maximum  of  relief  may  be  found  for  unemploy- 
ment either  a  larger  output  is  required  for  the  wages  paid, 
or  lower  wages  must  be  accepted,  or  perhaps  longer  hours 
worked.  The  alternative — not  of  the  employers'  contriving 
or  seeking,  and  one  that  causes  them  direct  loss  or  even  ruin 
— is  no  employment  and  no  wages  at  till.  The  report  admits 
candidly  that  no  one  can  foresee  accurately  bow  much  sacri- 
fice will  be  required  to  reach  the  necessary  level  of  cost,  and 
it  appeals  to  all  concerned  to  make  the  sacrifice  with  the  en- 
lightened readiness  that  will  most  rapidly  alleviate  the  pres- 
ent distressing  situation  and  open  the  way  to  the  renewed 
attainment  of  prosperous  conditions.  In  particular,  it  urges 
that  reduction  of  wages,  increase  if  desirable  of  hours,  and 
whatever  other  aids  to  improve  output  may  be  possible  should 
be  as  widespread  and  be  made  as  rapidly  as  possible.  If  they 
are  made  by  a  few  industries  alone  they  will  do  little  to  re- 
duce the  general  level  of  prices  on  tie  home  market,  and  the 
industries  in  question  will  be  losing  in  wages  without  the 
corresponding  rise  in  the  purchasing  power  of  wages  by 
which  the  sacrifice  might  to  some  extent  be  offset.  The  term 
sacrifice  which  the  report  uses  is  perhaps  not  altogether 
happy,  tor  it  suggests  the  abandonment  of  what  at  will  might 
be  retained.  The  sacrifice  of  wages  and  any  other  means  of 
reducing  cost  is  not  such  a  voluntary  abandonment.  It  is 
rather  in  the  nature  of  jettison,  by  which  a  ship  in  danger  of 
wreck  throws  commodities  or  gear  overboard  which  in  normal 
her  its  business  is  to  retain. 
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acting  foi    March 


Relationship  of  Pumping  Plant  to  Reservoir 
Capacity 

In  di  irka  or  extensions  o(  works  tor  the  supply 

ol  watei    It   i-   necessarj    to  make  provision  tor  coping   with 

iln    maximura  demand  which  ma)    occui    al   any  time      Rei 

sumption,   where  such   are   ava  lable,   Bhov<    that 

;ii    times   the    demand    exceeds   the   average    bj    verj    large 

amounts,  but  such  excess  depends  upon  the  period  under  con- 

tion.    Taking  the  average  imption  tor  an] 

throughout 

mum  hour  ruaj   be.  two  and  a  quarter  times  as  much  or,  say. 

.,    rati  ted    by    the    figure  ate    during   :c 

maximum   day   ma)    be  I    .  1 1  »•  >  \  •  ■   the   average,  or, 

Tint   the  maximum   week,   one-third    more    than 

the  average,  or,  -  maximum   month, 

saj .  a  rate  of  125  dur- 

the  month.     The  precise   figures   «ill   vary 

in   different    undertakings,    but    tiny    will    exhibit    the   same 

When  the  bi  heme  Is  a  pumpin 

the  question  which  ;ii  once  ;tt  is-s  Is  the  extent  to  which  the 

peak  load  should  be  handled  directly  i>>   the  pumping  plant, 

'  lly  ii  may  be  s a i > i  that  if  the  pumping  plant  "ill  deal 

with  the  average  flow,  variations  in  demand  can   be  met   bj 

ervoir,  which  it   is  essential  Bhould  be  pro- 

but  In  some  cases  ii  might  be  mi conomical  to  In- 

the   pumping  plant   above   the  average,  which  would 
apacit)    to  be  reduced      <m   the  basis 
riously  given,  and  assuming  that  the  reser- 
voir Pas  t"  care  tor  all   above   thi  ow,   then   the 
maximum  daily   flow   which   might   occur  <>n    two  successive 
pould  requii •                               icitj   equal  <<>  one  day's 
and.    To  coiic  with  tin-  maximum  week  with  an 
.'-   ol  ■  '■"■  per  cent  for  eai  h  ol  would 
•  rvoir  holding  i'  l  ::  daj                    demand.     To 
deal   with  the  maximum  month   with   an   increased   How    avel 
aging                                    ii  of  thirty  days  would  require  the 
>ir  to   hold    T'o   days'   supply.     Tin-   reservoir   in   this 

ind  i  spensive,  and 

it  might  easily  he  more  economical  to  Increase  the  capacity 

pumping  plant      Thi    •  xact   relationship  to  produce  the 

I  onomical   result   can   he   obtained    by   assuming   certain 

ad    preparing    comparative    estimati         it    need 
hardly  tie  s.iid  that  irable  to  relj  upon  the  reserve 

plant    I  ch    it   Is   well    known    will 

tt    more    or    less    ■ 


Water  Purification  by  Activated  Silt 

In   the  Journal   of   the    India  i  nee    tor   lit-'l 

ting   article   on   tb  ol    Water 

ctivated  silt."  by  Dr    Gilbert   J     Fowler  and   Mr.  R.  R. 

i  from  this  that  Dr.  Fowler,  when  In  China  a 

trui  th     tot  that  although  practi- 

ountrj   is  manured  with  night- 

soil  at  d  int.  rsected  by  ci  ch  impurity  reaches 

th  •  Yangtsze  and   its   tributaries,   "apart    Cron    thi     iresence 

of  nitrates  am!  of  organisms  ol  ti 'ii  groups,  thesi 

'      pi  i'l  not  be  de- 

Tite   pollution   to 
which  o  be  very  rap- 

idly oxidated       n  I  this  power  ,,t  purification  was 

ill    tin'  large  amount    of  tin,     m]i    carried    by   these 

■ 

ioll     to    he    "of 

lout   nature  w  hi.  h  pended  in  the 

■   t,i  tie-  con- 
reful  stud]   ol  th' 

urn  Ification, 

till  to  !,,■  employed  to  pi 

■!     Hie     plop,    I 

for  tie 

I  omi    to  any 

■      •         •      pl(      ,  ■    i 

,tis.  hut 


«     ate  much  struck  with  then   opi rks  with  re- 

gard to  iir.  lam  ha  ttou    il  the  remai  I 

lit  on  the  purification  of  the  rivers  he  in 

and  the  manner  in  winch  his  trained  mind  deduced 

th,-  cause  ei  this  purification      ["here  are  still  existing  many 

natural  phenomena,  the  reasom    for  which  ye  are  yet  unable 

to   explain,   hut    Which,   no   dot)    I  atific   mind    will    in 

just  such  Investigation 

ches  .i-  those  carried  out   by  Dr.   Fowler  and   Mi 

Which    Often    produCI  llg     results     In     the     material 

the  world 


The  Preservation  of  Stone 

Bditoi  

The    atmospheric   Impurltle     ii i    cities   acting    in   con- 

n   «  Ith  the  devouring  hand  ol  time  render  it   li 
live  on  us  to  do  something  promptlj  towards  the  preservation 
oi  our  uoble  public  building!      Bj    a  ire  target]   in 

substitution  for  coal,  and  othi  i  proper  com- 

bustion   of   coal,    we   can    relieve    the    aim, 

its   impurity   and   inereas n    own    comfort    while   we   tire   re- 
nun  ing  some  of  the  , ■in,  me,  but 
dei  .o    «  ill  i, 

scientists   and   geologists   Ol    the   day    were   called 

the  st ■  for  building  tie-  pri    enl   lions,-  ;ll  Parliament,  the 

condition    within   twentj  noli   as   to   cause    serious 

alarm.    From  that  time  I  al    H     a    Off) f  Works 

has  given  'out unions  attentioi    to  the  subject  ol  the  pi' 
tion  oi    itone,  tested  all  mannei  oi  preservatives 
i't    been   aid"  to  find   any  sure  means  of  warding  off  decay 
It   is   most   rapid  in  ti  ried    windows  and  mould- 

ings where  the  stone  has  been  worked  after  the  quarry  sap 
eached  and  hardened  tl  -    fai  e,  ami  that  shows  why  wall 

stones    are    not     affected  UCb        Another    cause    of    rapid 

deterioration   in   individual    ivi i     found   to  be   due 

to  iinir  having  been  laid   with   the  quarry  bed  oi 

instead   of   on   their   natural    bed    as   the    specifications   always 

insist,  but  which  is  nol  termlne  at  the  time  with 

B6S    of    Stone.       Tier,      [g    also    something    in    the 

physical   structure  of  the   stone   which   affects  the  qui 

that  has  not  vet  bei  i  ■  d.    I  "or  instance  the  chemical 

composition    of   Rath    and    Portland    stone    is   almost    identical 
ami    yet    the   durability    i  i.  rent.      The    pies, 

liuildings    where   decaj     has    already    taken    place    is    in- 
finite!  J    more   difficult    than    the    protection    of    new    ones,    and 
much  labor  and  thought   have  been  expended  on  this  . 
of  the  (  ase.   with  only  modified  success. 


Stability  of  Thin  Walls 

Editorial   In   Municipal   Er  Record,   London. 

The  report  issued  by  the   Building  Research  Board  is  prac- 
tically  that   of   Hi     i'  .   who   was   entrusted   with   the 

investigation,     it   was  a  difficult   subject,  hut   ho  appi 

dealt  with  it  in  a  practical  manner.  It  is  generally 
realized  that  the  actual  stability  of  unsupported  walls  only 
a  few  inches  thick  is  verj  small  and  that  such  walls  in  prac- 
tice always  receive  Buppi  iop  or  sides  m  hoth. 

It     appeared    therefore    to    the    committee    that    tl 

tical   method  of  attacking  tin    problem   «  .'tain  the 

bi  eak  Ing     ti  engt  ii  ol  typli  al  wall  ■  ted  to  cruBh- 

nd  horlzonte  I  iplied  to  th,-  v.  alls  w  bile 

I  the  top  and  bottom  This  would  correspond  roughly 
to  a  wall  having  in  it  two  door  openings,  the  strength  of  a 
wall    with    no    openings    being    somewhat    greater.      The    diffl- 

culty  oi    tpplying   loads  bj   directly  weighting   the  walls  was 

Me     to     secllle     ill,'     use     of     a     ll\- 

t,    ting   machine  which   was  Crushing   short 

walls  s   rt.   H    in.   high,   which   is   about   the  height   between 
doors  iii  a  building  of  the  cottage  type     Tests  were  made  on 

Onlj      used     materials     and     fa,  h 

i  ion    in    thi,,     waj  -        ill    Small   cubi 

erallj   G  In.  or  'a  in    square,  were  crushed  in  order  to  ascer- 

Ugth    of    tl:  a    thin 

■    ■  oluiniis  or  plllai      t  i   in    w  Ide,  I  roni 

In.   !. U'h       I  thin 

i  lengths 

compared  with  that  ol  the  cubes  were  ascertained     (3)  short 

lengtl  In.  wide,  froi  Ii     to  1%  In.  thick 
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ft.  G  in.  high,  were  subji  • 

1  ton  !  er  lineal  foot  of  wall,  and  while  thus  loaded,  ;t  hori- 

zontal   pull    was   applied    to   the   wall   at    i   •     i   iddle   ol    Its 

until  failure  took  place.     Thi  |     brought 

out   are   the  hi-.ii   relative   resistance  to  crusl    n(    shown   1  >>- 

ender  walls  or   pillars,  and  the  .    li 

mortar  compared  with  Portland  cement  |  in  this 

■  n  ol  the  wall  built  with 

gth  of  the  '.vails  varii  il   I 

the  same  material  i  ■■  i  ;hi  >i   in 
The  Hi  'iih    show  ed   30   per  cenl  i  [gh   per- 

ome  extent  dm    I 
in   cent(  ring    the   column   under   test.     [| 

renpths  approaching  these  can   be  de\    loped  In   prac 
tice,  rcised  in  the  bedi  .    mists. 

so  tha  learly  as  possible  I 

wall,     it    is   also   necessarj    thai    the   wall   should    be 

1 1  ical      Th<    results  further  s  he  .  alls 

iih   Fletton  bricks  on  edge  in  cemeni  thick) 

resisted  a  much  higher  crushing  load  and  horizontal  pull  than 

built   with    the   same   bricks   laid    Bat    in    lime    mortar 

1 41.-    iii.   thick  I.     All   the   -  onci  ete   and    br<  e 

a  high  to  1 1  i    i  rans>  erse  loads  as  !   with 

wi  lis  formed  from  smaller  units  such  as  bricks. 


Concrete 


An    8-Ft.    High     Pressure     Reinforced 
Conduit 

Schweizerische 
A  conduit  for  the  supply  of  water  under  great  pressure,  for 
th.   hydro-electric  works  of  RioupeYoux  (Isere).  has  been  built 
nforced  concrete.     The  conduit  is  2,040  ft.  in  length,  and 

S    ft.    In    diameter      The   water-level   at   the   inlet    is    1,1 m 

datum,  that   at  the  exit  is  1.700  ft.,  so  that   there  is  a 
I      .  water-column  200  ft.  high.    The  ends 
i  onduit  are  of  steel,  so  as  to  ensure  a  perfect  connec- 
tion with  the  plant. 

conduit    pipe   has   a   double   transverse   reinforcement 
throughout   iis   length,   the  steel  rods  used   being   '£,—  %   in. 
ter,  with  horizontal  tie-rods  3.i  in.  diameter,  and   plai  i  d 
more  than  an  inch  apart.     The  joints  in  the  reinforce- 
ment  ar<     simple   hooks,  nc    solder   being  used.     In   the   bent 
portions  of  the  conduit   extra  reinforcement   is  employed 

The  thickness  of  the  wall  of  the  conduit   varies  from    I   to 
8  in.    The  concrete  is  a  1:2  mixture. 

c<  ntering  used  f0r  the  greater  part  of  the  conduit  was 
Parapline,"  which  had  previously  been   used    in    other 
hut  for  the  more  difficult  of  the  curved  portions  wooden 
centering  was  used. 

The  interior  was  made  smooth  with  a  finishing  coat   1 
thick. 

To    ensure   complete    Impermeability   under    the   high    pres- 
thi    greater  part  of  the  conduit  was  lifted  with  a     tei  I 
tube    which   was   placed  between  the  two  rings   of  reinforce- 
•    joints  being  welded  autogenously. 
Prii  r  in  being  used,  the  conduit  was  ailed  with  watei    It  tl 
overnight,  and  then  gradually  emptied.  It  was  next  inspected, 
with  the  greatest  attention  to  detail.    It  was  then  till-  - 
Idly  and  examined  externally. 

A  $15,000,000  Water  Supply  Extension  for  Sydney.— The 
New-  South  Wales  Parliamentary  Standing  Committee  on 
Public  Works,  according  to  the  London  Times  Engini  ering 
Supplement,  has  urgently  recommended  the  Government  to 
proceed  at  once  with  an  amplification  of  the  Sydney  metro- 
politan water  scheme  at  a  total  cost  of  approximati  ly  ' 
000.  The  works  proposed  include  a  number  of  new  mains 
ranging  from  24  in.  to  48  in.,  a  pressure  tunnel  10  miles  long, 
and  electrically-driven  centrifugal  pumps  in  duplicate.  The 
proposed  tunnel  will  contain  two  com  rete  ft.  in 

diameter.     It  will   be  about   10  ft.  by   12   ft.,   ami   in    pit 
150   ft.   below  the  surface.     The  object  of  tl  is  to 

enable  the  water  stored  to  be  brought  more  rapidly  to  the 
lis  for  distribution.  It  is  expected  that  what  are 
known  as  the  Avon  and  Cordeanx  dams,  now  in  course  of  con- 
struction, will  be  completed  in  five  years,  about  the  same 
time  as  the  proposed  pressure  tunnel  and  other  new  works 
mentioned  (if  undertaken).  If  these  things  are  done  the  de- 
mands of  the  metropolis  will  be  met  up  till  1932.  The 
are  based  on  an  average  consumption  per  head  daily  ol 
gal.  The  existing  means  of  distribution  allow  an  average  con- 
sumption of  only  43   gal. 


The  "Zaaidam"  Method  of  Irrigation 
in  South  Africa 

By  T.  HOPWOOD. 

From  'l'lie  Seuiii  African   In  rtmenl  Maga 

South     Vfrlca. 

"Zaaidam"  Irrigation  is  practiced  to  a  large  extent  in  the 
Divisions    of    Calvini,    Fraserburg    ami    Carnarvon,    ami    the 

...  i  Her    i  ecentlj    took    a  i 

down  the  method     usuallj   employed  and  the  results  obtained 
..m      it  is  by  no  means  Implied   thai   thi     paper  is  the 

last   word"  on  the  subject;   en  snized 

that    thei      lor  a    large   amount    of   experiment  and 

research,  especially  with  regard  to  the  effect  of 
ing  foi-  lout;  periods  on  soil  to  be  cultivated  and  also  on  the 
i  iii..   further  what   applies  to  one  class  of  soil  does 
not   always  apply   to  another   but    the  methods  of  applying  the 
water,  sowing,  etc.,  are  more  or  less  the  sa 

'Zaaidam"  irrigation  simply  means  impounding  water  in 
a  large  shallow  basin,  letting  ft  thoroughly  soak  into  the 
soil,  then  allowing  the  surplus  water  to  run  either  to  the  next 
lower  ■■zaaidam"  if  there  is  one.  or  away,  and  sowing  grain 
in  the  basin  wetted,  the  crop  leaching  maturity  without  fur- 
ther application  of  water  if  none  is  available.  It  is  very 
similar  to  the  basin  irrigation  practiced  on  the  banks  of  the 
Nile,  but  with  much  less  certainty  as  to  the  time  of  floods. 

The  Fish  and  Znk  River  valleys  where  the  soil  is  very 
fertile,  the  rainfall  low  and  the  country  extremely  flat,  are 
especially  adapted  for  "zaaidam"  irrigation.  These  rivers, 
when  they  run  at  all,  creep  along  and  spread  out  all  over  the 
surrounding  county,  often  to  a  width  of  several  miles,  and 
as  the  ground  is  very  flat  an  earthen  embankment  a  few 
feet  high  will  cause  the  water  to  "back  up"  a  couple  of  thou- 
sand yards  or  so. 

I'sually  the  old  method  of  leading  water  from  one  "zaai- 
dam" into  another  was  to  breach  the  embankment,  but  this 
method  causes  a  lot  of  scouring,  so  control  sluices,  a  type 
of  which  will  be  described  later,  are  recommended. 

Tin-  embankment,  usually  from  .".  to  9  ft.  in  height,  accord- 
ing to  the  fall  of  the  ground  and  the  size  of  the  "zaaidam," 
are  constructed  of  earth  which  is  generally  of  a  very  suit- 
ill.  quality.  Formerly  it  was  usual  in  the  case  of  the  larger 
dams  to  construct  the  upstream  slope  about  2  to  1  and  the 
downstream  about  1V2  to  1  with  a  freeboard  of  say  3  ft.  The 
upstream  slope  would  then  be  pitched  with  bushes,  mostly 
"kareedoorn,"  taken  from  the  surrounding  lands,  as  stone  of 
any  description  was  practically  unobtainable  in  any  quantity, 
but  the  latest  practice  is  to  construct  the  embankments  with 
very  flat  slopes,  say  not  less  than  4  to  1  and  omit  the  bush 
pitching  as  it  tends  to  harbor  rodents  which,  by  burrowing 
into  the  bank  jeopardize  it s  safetv.      In  re  tin-  water 

will  "back  up"  from  a  lower  zaaidam  on  to  the  downstream 
slope  of  an  upper  embankment,  and  this  is  the  case  where  it 
is  desired  to  cultivate  the  whole  of  the  lower  basin,  both 
slopes  should   be  constructed   4   to   1. 

When  a  bank  crosses  a  "leegte,"  a  pipe,  fitted  with  valve 
or  wooden  bung,  is  laid  at  a  low  level  through  it  in  order  to 
drain  off  any  water  which  may  collect  in  the  low  places,  one 
of  six  or  nine  inches  in  diameter  general!)  being  large  enough 
for  this  purpose. 

The  type  of  outlet  sluice  which  is  in  use  at  the  Government 
dams  at  Nelskop  is  known  a  '  needle  sluice"  and  has 
proved  very  effective,  being  easy  to  manipulate  and  allowing 
a  large  volume  of  water  to  pass  into  or  from  the  dam  in  the 
minimum  amount  of  time. 

In  most  cases  four  bays,  each  lo  ft.  wide,  are  constructed, 
each  of  which  can  be  opened  independently,  so  that  one  or 
all  may  be  used  at  a  time.  Concrete  piers  2  ft.  thick  divide 
the  bays  and  the  9-in.  x  3-in.  net  dies  which  are  placed  against 
the  lip  of  the  sill  are  supported  at  their  upper  ends  by  a 
strong  beam  resting  on  the  tops  of  piers  which  are  stepped 
to  keep  the  beam  in  position.  About  half-way  up  the  pier  an 
iron  bar  with  rollers  on  it  is  fixed  to  facilitate  the  "needles" 
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being  placed  in  position  or  removed  when  there  is  pressure 
on  the  upstream  : 

most   suitable  size'  tor  a   "zaaidam"  depends    I: 
upon  the  width  of  valley  and  fall  In  the  ground,  but  it  must 

:••  in  mind  that  one  ol  the  chief  considerations  is  the 
impounding  of  unseasonable   waters,   and   for   tins   re: 

ml  fairly  deep  reservoir  Is  required,  but  against  iliis 

thai  a  siiuill  flood  will  till  the  lower  portion  only, 

ami  bui  all  Hoods  will  repi  :    tion.     ThUB, 

not  only  will  a  verj   -mall  area  i"    available  for  cultii 

but  there  is  the  danger  of  losing   the  crop   from  drowning, 

to  the  river  coming  down   before  the  growth  is  Buffi- 
ciently  high  to  receive  a  Becond  watering     on  the  other  band 
a  shallow  zaaidam  may  lose  all   its    •.ii.i    through  evi 
tion  ami  soal  the  time  arrives  Buitabli 

ad  sowing. 
The   Ideal   system    would    he    to    h  large    "zaaidam" 

Storing,  SB)    a  maximum  depth   of  6   ft    and   below    that    two  or 

mailer  and  shallower  d  mis  fed  from  the  larger  one. 
from  the  point   ot    \iew  of  economj    both  in  construction 
rater  il       I ound  I ii.it.  taking  a  hypothetical 

D      i    .c   -. yd.   wide  and   .'..nee  yd.   long,   with   a    fall 

I  thousand,  the  comparison  between  one  em- 

bankment  a   ft.   high   constructed   to   Hood   the    whole    basin 

and  cutting  it  into  two  smaller  embankments  6  it.  high  would 
ollows: 



re 
r  i 

n  surplus  v  .  below,  ft 

Is  nis: 



bined  

r  cultl'  

I  'my.  if  surplus  water  net  used  below,  ft 2.14 

Apart  from  the  n  i   it  will  he  seen  that   with  the 

exception  of  having  greater  storage  facilities,  which  is  un- 
doubtedly an  advai  tagi  holding  up  unseasonable 
floods  and  using  the  water  later,  the  large  "zaaidam"  has 
very  little  else  in  its  favor.  The  question  of  rapid  leading 
from  one  basin  to  another  can  be  dismissed,  for  this  is  | 
a  matter  of  how  many  sluices  are  constructed;  further,  sev- 
allov,  sluices  are  less  lil  scour  than  a  deep 
one. 

The  greatest  disadvantage  in  respect  of  the  large  "zaai- 
dam" is  the  fact  that  in  the  case  of  a  small  flood  only  the 
bottom  portion  of  the  basin  is  wetted;  that  is  then  ploughed 
and  sown.  and.  before  the  grain  is  high  enough  to  receive 
another  wetting,  down  comes  the  river,  the  lower  end  of  the 
basin  is  again  submerged  and  the  crop  drowned,  or  if  the 
sluice  gates  are  opened  the  water  is  lost,  whereas  in  the 
case  of  the  smaller  "zaaidams"  either  could  be  used  and 
advantage  taken  of  small  floods. 

ii.  taking  a  flood  of   sa\     i  it   would   have  to 

run  for  over  live  days  in  order  to  fill  the  larger  "zaaidam" 
whilst  three  and  a  half  days  would  suffice  tor  the  two  smaller 
ones. 

It  is  easy  to  see  that  where  economy  in  water  is  desirable, 
and  tin  lly  always  the  case,  the  smaller  "zaaidams" 

are  to  be  preferred,  if  the  slope  of  the  ground  will  permit  it. 
By  small  "zaaidams"  is  meant  those  where  the  water  stands 
say  :•  u,  at  its  deepest  end. 

The  in  the  Union  is  that   known  as  the 

owned  bj    tie-  Zak   River  Estate!   Co.,   Ltd.,  the 

a  the  "zaaidam"  principle  in  South  Africa. 

The    dam    in    question    is    large    enou  I    acres 

The  Government  lias  several  at  Nelskop 
of  over  500  acres,  but  these  are  BUD-divisiona  of  larger  basins 
cut  up  in  order  to  economize  in  tin-  UBi 

With   :•  gard   t"  tie    amount   of  n 
a  crop,   this   depi  ai  md   the 

han 

and  rolling  in  order  t,,  retard  preventing  the 

I  on  oi  deep  i  rail  ag  the  moisture  in  the 

the  longest  possible-  pi  i lod      \   -i  oil   re 

a  much  longer  timi  i  penetrate  it  than 

■     friable    one,    and    the    latter    more  ins    its 

I   difficult   to   break   up  alter  sowing. 

tie-    Zak     River    ca    .        \l  i       .1      \      \an 

chkolk,  who  has  had  a  large  amount 

Loll,     said     that     the     soil 
should   ret  elve  12  neb  an  amount   a 

being  tilled  and  admitted  that 
■  re    tie-    watt 


stood  at  12  in.  in  the  dam  He.  crop  was  as  good  as  where 
there  was  more  water,  but  where  there  w.-i  l.ss  it  was  not 
so  good.  It  is  found  that  this  is  borne  out  by  the  opinions 
nci  I  'ii  tners,  but  It  cannot  be  over 
emphasized    that    the    crop    return    depends    so    much    on    the 

■" in'   "i    "drj  land"   cultivation   methods   adopted  after  the 

wheat    Is  sown.     Very    littli    baa    I n   don.      ,>   far   In    this 

esp    Ciallj     amongst     the    settlers    at     the    Covorninent 

"zaaidam-"  ai  Nelskop  neat   Brandvlei',  but  where  efforts  have 

1 ii   m; to  pro  Mile  ,,n   .in    :  i   v   in ..ml  ion   blanket ,  or  "mulch" 

as   il    is  som.  time's  called,   bj    breaking   up  and   pulverizing    lie 

surface,  good  crops  have  always  resulted,  even  when  i 
oini  watering  « as  possible 

As  regards  the  q<  , 
an  absolute  essential,  though   Alien  water  Is  available  it  can 

be  used  with  benefit,  providing  the  crops  are  high  enough  to 
Stand  it  Crops  in  sandy  -oil  maj  be  walerc-d  three'  months 
after  sowing,  but  those  In  clayej  "il  should  not  be  watered 
under  four  months.    The  second   watering  should  DOt 

ii  ■  lallj    if  wal 

"arm.    cold  ■     left    In    I. asms    up    to   six    or   eight 

days.     Water  contain!  I   -houid  not  remain  long 

on  the.  grow  ;  I,.,  sin  tends  to  settle  on  the  sprouts 

and  retards  growth,  a  I'ttli  watei  Bhould,  U  possible,  be 
allowed    to    run   into   the    ba    in  ag    u    In    .... 

wet  tin-  embankment  so  thai  anj  crai  ks  ami  leakages  m 
detected  and  remedied  before  the  bank  is  undei 

The-  grain  usually  sow  n  is  wheat,  the  favorite  \arieties 
being  "on  baard"  and  "bo  though  several  farmers 

sow  a  little  "magals"  which,  it  is  understood,  is  a  Bengal 
wheat:  it  produces  a  large  hard  grain  not  suitable  for  flour, 
but  used  in  the-  manufacture  of  macaroni  and  also  on  tin 
farms  for  making  soup.  Col.  Carel  van  Zyl  of  Carnarvon 
says  !,■  n  this  class  of  wheat  with  great  success. 
Oal  !.»..  have  1 n  sown  but  the  practice  is  not  recom- 
mended as,  when  the  crop  is  'hanged  to  say  wheat,  the 
"opslag"  from  the  oats  ol  the  previous  season  ripens  and 
Its  - 1  before-  tin-  wheat  is  ready  for  reaping,  and,  con- 
sequently, the  wild  oats  take-  a  lot  of  eradicating  the  follow- 
ing years. 

The  yie-ld  of  wheal  limb  i  .i.iielam"  irrigation  average 
eight  to  ten  bags  per  morgen,  and,  as  the  amount  sown  is 
one  bag  to  three  or  four  morgen,  according  to  quantity  of 
soil,  this  gives  from  24  to  I"  bags  for  one  sown.  Instances 
of  much  higher  yields  are  known,  as  for  instance  115  bags  for 
one,  sown  at  Diepdrift  on  the  Zak  River,  and  this  is  by  no 
means  a  record. 

At  the  Government  Irrigation  Settlement  at  Nelskop  near 
Brandvlei  the  land  is  let  to  settlers  in  small  holdings,  the 
smallest  being  four  and  the  largest  seventy-two  morgen.  the 
average  being  about  twenty-four,  and  with  this  and  the  right 
to  graze  a  certain  number  of  steeck  on  the  commonage  free 
they  appear  to  make  a  fair  living. 

Briefly  the  best  yields  are  obtained  when  the  ground  is 
first  ploughed,  th'-n  wetted,  main  ploughed  and  then  sown 
and  afterwards  harrowed  and  rolled  several  times,  and  when 
possible  given  a  light  second  watering  in  about  four  months' 
time.  The  ground  can  be  harrowed  and  rolleel  until  the 
growth  is  about  6  in.  high 

The  questions  as  to  whethei  or  not  tin'  watei  lying  m  the 
"zaaidams"  for  two  or  three-  months  at  a  time  is  harmful  to 
the  soil  or  whether  the  underground  watei  table  is  thereby 
raised,  are-  debatable.  Mr  Bain  of  the  Zak  River  Estates  in- 
forms mi'  that  the-  water  table-  though  it  may  he  raised  tem- 
porarily always  subsides  again  towards  the  i'iid  of  the  dry- 
season,  and  as  regards  the  former  point   it  would  appear  that 

the  soil   is  submerged   tor  a    long   period   the 
quent  ploughing  and  harrow  mm.  provided  both  are  thoroughly 

carried   out,  aided   by   the   exce    Ive   i tun)   of  sunlight    In 

these  arid  districts,  proi  Ide      uffli  lent  bj  rat  Ion 

\  difficulty,  I  ....'ever,  is  experienced  in  those  pans  ot  basins 
where  onlj    I  I     ettles.     This  silt   cakes  hard  on 

drying  ami  cracking,  ami  it  is  then  not  easj   i"  work  It   into 

B   lin.    mulch. 

.i      i.i  ik"   a  pi  i  ai  mi-    belove    tin-    embanko 

after  water  has  i d  Btored  foi   Borne  time  have  i n  noted, 

but  where-  there  is  an  opportunit)   ol   Hooding  this,  and  then 

allowing  the  water  to  run  Is  effected;  care  should 

bi    taken,  however,  when  laying  out  a  "zaaidam"  to  do  it   In 

way  thai  all  the  water  can   be'  drained  off  when  de 

ibis     will     iiatnralh     assist     in     preventing     or     curing 

"brak." 
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A  Water  Power  Mechanical  Storage 
Installation 

Fron  i  don. 
a  water-power  installation  which  po  many  novel 
features  has  lately  been  put  into  operation  <a  sup- 
plying the  necessarj  power  for  driving  the  Tweedvale  and 
Tweedholm  Mills  at  Walkerburn,  Peeble  ain  I  agland  This 
installation  is  so  far.  we  believe,  thi  ts  kind  con- 
structed  in  this  country,  while  only  om  i  rs  ire  said 
ti>  exist   in  the  world.    Water  storage  is  commonly  adopted, 
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of  course,  for  the  purpose  of  supplementing  supplies  in  peri- 
odic seasons  of  small  natural  flow.  Lately  it  has  been  dis- 
closed in  connection  with  tidal  power  schemes,  in  order  to 
obtain  a  regular  power  supply  in  spite  of  the  regular  pre- 
cession of  the  tides.  In  these  connections  the  possibility  of 
pumping  water  to  a  high  level  during  the  tidal  ebb  or  flow, 
and  using  it  subsequently  in  turbines  as  required  during  the 
period  of  slack  tide  lias  been  considered.  In  the  case  we  are 
about  to  deal  with  pumping  and  storage  have  been  intro- 
duced for  another  r<  ason.  The  normal  output  of  power  dur- 
ing  the   working   hours  has  been  in  this  instance  largely  in- 


passing  through  the  wheels  uf  tin-  lower  mill  before  returning 
tn  tin  river,  The  falls  utilized  were  respectively  ."■  ft.  ::  in. 
and  .">  ft.,  for  although  a  total  lnad  between  tile  intake  and 
the   point    of   return   to   Hi  i  If,   ft.,   nearly   .".    ft.   was 

a  the  long   iie.ni  and  tall  races,     The  mills,  which  dov- 
considerable  area,  bad  long  grown  beyond  the  power 
Mi    from  the  eld  breast   whei  !      wl  icb  together  yielded 
onlj    about    Me   n ,p„  and   other  means  of  driving  had  from 
time  to  time  been  added  to    tipplei)  i  ul   thi     »  itei    power      \ 
gteat  loss  of  power  In  transmission  to  the  scattered  buildings 
mi  ins  of   long   lines  oi    shafting  and    bevel  gearing   was 
I  able. 
Pull  development  oi  the  watei   powei    it  the  site,  however, 
was  impossible  until  tin   ownership  of  the  rights  toi  the  whole 
of  the  fall  bad  passed  into  th<    bands  of  one  owner.     This 
occurred   in  July,   1918,   when    Messrs.   Henry  Ballan- 
tyne  and  Sons.  Limited,  owners  of  the  Tweedvale  Mills,  pur- 
chased  the    rweedholm   Mills.     .Messrs.    Ballantyne  then  de- 
rided to  utilize  the  water  power  available  to  the  best  advai 
tage  and  to  eliminate  the  heavy  losses  of  transmission  by 
introducing  electrical  driving.     Messrs.  Boving  and  Co.,  Lim- 
Kingsway,  London.  W.C.  -'.  were  consulted   with  re- 
gard to  a  suitable  scheme. 

The  first  point  decided  was  that  the  head  available  should 
be  developed  in  one  place.  The  obvious  advantages  of  this 
were  that  an  economical  head  would  be  available  for  driving 
the  tut  bines,  and  the  duplication  of  plant  and  operating  staffs 
would  be  avoided,     it  was  decided  to  concentrate  the  fall  at. 

the  up. per  mill  by  deepening  the  race  between  the  two  mills. 
as  it  was  impossible  to  concentrate  it  at  the  lower  mill  in 
view  of  the  flooding  which  would  have  occurred  of  inter- 
mediate buildings.  This  involved  a  considerable  amount  of 
excavation.  The  head  anticipated  was  10  ft.  6  in.,  but  further 
improvements  in  the  hydraulic  conditions  have  been  made 
and  the  operating  head  is  now,  under  normal  conditions, 
slightly  over  11  ft.  The  size  of  the  existing  races  is  such 
that  their  carrying  capacity  is  limited  to  about  240  cu.  ft. 
per  second,  and  it  was  not  found  economical  to  increase  this. 
Whilst  this  quantity  is  normally  available  throughout  the 
year,  there  are  especially  dry  years  when  the  flow  falls 
below  this  figure  so  that  further  expenditure  in  increasing 
the  capacity  of  the  races  was  not  desirable.  The  power 
available  under  these  conditions  was  220  11. P..  which,  it  will 
be  noted,  is  exactly  double  that  given  by  the  old  breast 
wheels.  A  survey  of  the  power  requirements  of  the  two  mills 
showed  that  a  total  of  450  111',  was  required,  and  the  prob- 
lem  was  then  to  find  the  balance  required,  i.  e..  230  H.P. 
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creased    by    pumping    and    storage    during    the    non-working 
hours  of  the  week  and  using  the  water  so  si  U     l|  work- 

ing  hours    to   supplement   the   normal    supply    to    the    station 
from  the  stream  direct. 

Before  describing  the  present  scheme  it  is  interesing  to 
note  that  this  village  became  a  thriving  community  when 
these  two  mills  were  established  in  1854,  and  that  they  owe 
their  existence  to  the  water  power  which  was  available  in 
the  Tweed.  For  a  long  time  this  was  the  only  power  used 
in  the  mills.  The  fall  available  was  divided  between  the  two 
mills,   the   water   leaving   the   wheels   of   the   upper   mill   and 


The  mills  work  for  about  50  hours  in  a  week,  so  that  for 
two-thirds  of  the  week  the  power  available  would  not  have 
been  used.  With  the  low  head  of  10  ft.  6  in.  the  storage  of 
tin  water  was  quite  impossible,  as  the  quantity  would  have 
i  e.  ii  so  great  that  it  would  have  involved  the  flooding  of 
valuable  lands.  Electrical  storage  of  the  surplus  power  was 
also  deemed  impracticable,  and  it  was  finally  decided  to  store 
the  power  mechanically,  under  the  following  plan,  which 
Messrs.  Boving  put  forward.  During  the  idle  hours  the  tur- 
bines were  to  be  run  for  the  purpose  of  driving  pumps.  The 
water   from  these  was  to  be  delivered   to  a  high-level   reser- 
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ild   run   down   from    the 
through  tin  i    through  which  it 

ad   by  driving  a   Pelton 
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amount    of   alteration    necessarj    to    existing    buildings,   and 
give  a   cleaner  exit  for  the  «  itei  lo*  pressure 

turbines  drive  on  to  a  single  genei  ttoi    ol    145  kw.,  running 
at  i  r.p.m.,  each  end  of  the  generatoi  I  laving  an  over- 

hung crowned   pulley   Eor  this  purpose       rhe   duplication  of 
the  lo»  i  ressure  turbines  has  a  considi  rable   i  Ivautage,  a  pan 
from  overhaul.     On  occasions  it  is  necessary  to  work  ovor- 
the  central  generator  can  be  <  by 

bine,  and  for  this  one  turbine  is  provided  with    i      rnor 

The  other  machine  can  be  belted  to  the  pump  supplyir 
reservoir,  and  worked  on  hand  regulation. 

In  line  with  the  -■-  n<  ratoi   driven  bj   th  ire  tur- 

bines are  -hafts  carrying  crowned  pulleys  exactly  similar  to 
thos i  this  generator,  as  shown  in  Fig.  3.     Thi     ■  shafts 


Fig  A.    SECTION  J.J. 


The  bigh-pressure  turbine  Is  oi  the  Pelton  type,  and  under 
an  effective  bead  of  89'  CI  develops  230  H.P.  This  Pelton 
wheel  runs  at   1,000  r.p.m.,  and  is  coupled  direct   to  a   155-kw. 

generator. 

Owing  to  the  long  pip,-  line,  precautions  had  to  be 
for  dealing  with  the  water-hammer  effect  on  suddenly  shut- 
ting down  this  turbine  in  the  event  of  the  load  coming  off, 
and  the  Boving  system  ni  combined  needle  ami  deflector 
regulation  has  been  therefore  adopted,  in  this,  as  is  well 
known,  on  load  coming  off,  the  d(  Set  toi   i  uts  into  the  jet  of 

water   issuing   from    the    nozzle   and   throws    tie'    power   "It    tie- 
wheel.      The    ne, Mile    is    then    allowed    to    move    Slowly    forward 

in   reduce  the  jet    to  the  size   corresponding   with   the  new 
load,    anil    the    deflector    returns    to    its    position     Immediately 


drive  the  high-pressure  pumps  which  are  employed  to  raise 

the  water  to  the  level  of  the  reservoir,  which  gives  a  head 
of  1,050  it.  luring  the  idle  hours  the  turbini  pulley  belts 
are  changed  over  from  the  generator  pulleys  to  the  pump 
pulleys.  The  quantity  of  water  delivered  by  each  pump  is 
relatively  small,  i.  e.,  220  gal.  per  minuti  and  it  would  have 
been  impracticable  to  have  run  them  at  a  speed  of  600  r.p.m. 
A  gear  drive  was  therefore  resorted  to.  the  turbine  pumps 
being  arranged  to  run  at  3,000  r.p.m.  To  isolate  the  gear 
case  and  prevent  any  side  pull  interfering  with  the 
meshing  of  the  gears,  flexible  couplings  are  provided  on  each 
side  of  the  gear-boxes.  These  high-pressure  pumps  deliver 
through  4-in.  pipes  into  a  bus-pipe  immediately  outside  the 
power  house  wall  (Fig.  3).  and  this  bus-pipe  is  connected 
both  to  the  9-in.  high-pressure  pipe  leading  up  the  hill  and 
to  the  reservoir,  and  the  G-in.  pipe  for  supplying  the  high- 
pressure    turbine. 


above  the  reduced  jet.  In  this  way  the  waste  of  water  only- 
takes  place  during  the  few  seconds  of  the  regulating  period. 
The  rapidity  of  the  action  of  the  deflector  and  the  economic- 
control  by  means  of  the  needle  are  thus  combined. 
The  whole  electrical  system  is  direct  current,  and  the 
lire  adopted  is  250  volts,  the  switchboard  for  distributing 
this  being  accommodated  at  the  end  of  the  machine  room. 


Trade  Disputes  in  Great  Britain  in  1921.— The  number  of 
trade  disputes  causing  a  stoppage  of  work  reported  to  have 
begun  in  1921  was  son.  The  total  number  of  work  people  in- 
volved in  these  disputes  (including  (hose  thrown  out  of  work 
at  the  establishments  where  the  disputes  occurred)  was 
nearly    1,800, I,   and  a   furthi  ere   involved   in   dis- 

putes in  progress  in  lfi21  which  began  in  1920.  The  aggre- 
gate loss  of  working  days  in  all  disputes,  according  to  The 
I.:  bor  Gazette,  London,  in  1921   was  about  SO.000,000. 
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Keeping  Records  and  Accounts  for  a 
Small  Sewage  Works 

Bj    PERCS    LAMB, 

The  subject  of  tliis  paper  is  one  which  concerns  th< 
winks  manager  very  Intimately. 

Importance   of   Accounting    Methods.-  In   the   case   of  large 

works   where   of  necessity   a   clerical   stall    is  employed   the 

method   of  keeping   of  statistic  rds   is   not    so   im- 

portant    as    it    is   to   the   manager  Of   a    small    works,    who,   as 

is  not.  has  to  do  his  own  clerical  work,  and  it  is  these 

works    to    Which    1    refer    in    this    - 

The    records   and  for    a    small    works    must 

sarlly   embrace   the  same   subjects  as   those   of   the   largest 
and  therefore,  if  they  are  to  1  the  methods 

employed  mi  otherwise  ■ 

portion  c >i  the  time  of  the  manager,  which  should  he  devoted 
on,    would    be    taken   up    by   clerical    work.     This 
should    be     '\.ei,:.'d   as   far   as   possible.      Tie-   simpler  th 

tem  the  fan  i  should 

ilisfa  such  a  Bystem  to  sui(   the  Bpi  - 

Of    his    works   and    make    it    as    comprehensive    as 
bviously  the  working  and  results  of  the  various 
units  in  the  works  must  he  recorded       Accuracy  is  essential, 
and  well-bound   hooks  should  he  used. 

In    many   small   works   the   manager  will   havi 
provided    by  the    surveyor   under   whose   control    the   «orks 
id  therefore  he  will  not  be  ahle  to  use  his  own  discre- 
tion ts  to  how   that  hook  should  he  arranged;   hut  as  he  will 
have  to  provide  the  data  to  enter,  it  is  up  to  him  to  have  a 
simple   method   of   doing    SO.      In   a   works   where   the    Bow    is 
by    gravitation    and    where    few    changes    take    place    in    the 
"11=  of  the   plant,  it   will  not   he  necessary   for  him  to 
nv   supplementary  aids  in  compiling  data,  but 
there  is  a  pu  '    tion,  operating  night  and  day.  no  nian- 

an  keep  correct  records  unless  he  has  some  method  of 
compiling  the  necessary  data  in  addition  to  his  official  regis- 
ter, and  the  work  will  have  tc  rried  out  with  the  co- 
operation of  his  staff,  as  he  himself  cannot  he  at  the  works 
day   and    night 

Meteorological  Records. — The  items  generally  met  with 
first  it:  any  record  hook  are  the  meteorological  records:  these 
arc  veil  known,  and  require  no  explanation,  the  only  dif- 
ficulty being  that  they  must  be  recorded  at  a  fixed  time,  9 
a.  m.  each  day. 

Statistics  of  Various  Units.— Then  comes — or  should  come 
— a  record  of  the  working  of  each  unit,  whether  pump.  tank. 
filter,  screen,  etc..  which  is  used  for  the  purpose  of  purifying 
age.    The  '..  i  h  a  register  is  no  easy  matter, 

and  it  is  here  that  the  manager  must   have-  the  co-operation 
of  his  staff. 

Keeping  of  Accurate  Records.-  Where  there  is  hut  little 
machinery,  or  where  changes  in  operation  are  few.  the 
simplest  method  is  to  have  the  times  of  starting  and  stopping 
each  unit,  or  putting  in  operation  a  tank  or  Biter,  entered  into 
an  ordinary  plain  ruled  hook,  from  which  the  details 
transferred  Into  the  register.  Where,  however,  there'  is  a 
pumping  plant  or  a  number  of  units  whose  operations  change 
often,  such  a  system  is  useless.  My  first  attempt  to  record 
a  of  the  pumping  plant  under  my  control,  showed 
me  that  the  booking  was  not  only  unreliable,  but  a  number  of 
w  ere    not    •  ions   to   me  that    it 

was  necessary  to  have  some  simple  printed  form  for  the  staff 
to  fill  in.  After  many  attempts  I  devised  a  log  sheet,  which 
for  my  work-  ha-  answered  admirably.  On  each  sheet  was 
ale  r  the  times  of  starting  and  stopping  each  unit 
under  thai  particular  man's  control,  so  that  if  a  certain  ma- 
Chine  was  at  work,  the  time  It  Start  ited,  if  it 
bad  b-eri  stopped  that  time  would  also  appear,  and  where 
there  would  be  a  blank,  so  thai   i  .>r 

n    in   charge  .  with 

■  ntries  were  in  order.     'I  I  ide  up 

Into  blocks  c,(   [00,  gummed  at  one  edge,  with  a  -tiff  straw- 
.  thai  each  Bheet  could  he  easily  d<  : 

Method  of  Recording   Results  Its  of  tie    operation 

plant  should  the  volume 

D    each    filter. 


an   idc  a    of   its   nature,  and   also   the  quality    of   the  resultant 
lime   to  time.      All    up-tO-i  have   a   How 

r,  and  others  have  a  weir  when  the  flow  can  be  ascer- 
tained, and  if  in  the  latter  c  as.  readings  arc  taken  periodically 
a  u- c . c . 1 1  niea  i.  i  tained;    but  in  anj 

it   is  an  advantage  to  ha  ■  rtaln  stated 

three  boms,  and  at  the-  same  time  a  note 
taken  "i  the  nature  oi  tin  ewage,  ami  where  practicable 
that  of  the  effluent,  the  -  stlmated  by  using 

]>, .    Thresh'S    method,    by    in..  tduati    ;         188    and 

cheque   le  el     p!.  !.,     keep     tile-    mall     in 

charge    alert    ami    Interested    in    bis    work.     Spaces   on    the 
should   be  ivies. 

Working   Costs.    Fuel,    Repairs.    Etc.     When     motive    power 
uanager  will   require  to  knew   what   it  has  cost 
him  to  r,  and,  if  possible,  th'-  cost   of  driv- 

I  machine-     Where  the  power  is  electricity 
in-  simple,  -is  all  that  i-  require  d  le  to  provide  a  i 
for  each  unit,  ami  have  the  reading  ach  shift.     If 

only   1-ne    meter   is  employed,    i    recording    wattmeter  would 
alts    in    any    case-.      Such    an    instru- 
ment   is    a    splendid    check    on    lb'-    booking   and    men's    work. 

Where  imo-r  is  obtaint  I    bj  engine, 

iusI  mly  to 

Ho-  cost,  but  minate  waste  ami.  in  the 

.  :n   boilers.  ;■•  oking.     The 

only  accurate  of  coal  consumption 

is  to  have  the  coal  weighed  as  it   ,s  used.     With  slack  coal. 

such  as  is  generally  used,  it  is  quite    easj    i"  Obtain  the-  weight 

by  volume,  a  special  barrow    1 

hioh   just   holds  2  cwt.  iff,  and 

the  number  of  harrow  loads  noted.  It  is  quite  easy  for  a 
manager  to  check  from  time  to  time  if  the  quantities  are 
entered  correctly.  I".  th.-  case  of  suction  gas  plants,  where 
a  less  quantity  of  coal  if  it  is  fed  into  the  hopper  by 

bucket   or   hod.   to    quantity   can   easily   and   a*> 
ly  be  obtained.     In  regard  to  oil.  a  pint  measure-  is  all 
that    i  ■    ken  from   tin-  oil  cabinet 

is  entered.  All  articles  take  n  from  stores  should  be  entered 
on  the  sheet,  so  that  the  manager  can  obtain  the  cost  of 
running  his  works  each  day  if  he  so  wishes.  To  complete  the 
Me  of  all  erat  cons  v  hit  i.  i  ccur  at  stated 
times  should  be  included,  with  general  instructions  in  regard 
to  the  working  of  the  pi  ate  space  for  "remarks" 

for  each  man.  and  a  place-  -  -  his  signature  certifying  that 
his  entrj.-s    , 

Similar  sheets  should  he  used  in  the  othei  its,  and 

the  details  transferred   to   the   official  regi  items, 

such  as  results  of  i  Id   be  entered 

from   the  manager's  own   data.     If   such   a   system   is  used   a 
manager  will  find  the  keeping  of  his  register  a  fairly  simple 
;.   and  his   staff  will   find   ii    a   great    help. 
Where   plant   of  any    description    is    in    use   the   history   of 
that    individual    piece    of  ]  etc.,    Should    be 

recorded  in  a  hock  kept  toi  'he  purpose.  In  the  case  of  a 
machine,  the  cost,  date  purcha  ed,  from  whom,  size,  number, 
etc..  speed  of   working.  1  red  and    similar  de- 

tails, should  be  entered.  The  dates  at  which  a  machine  was 
dismantled  for  cleaning,  etc  .  and  ■<  record  ol  all  breakages 
■  I'l-irs.  with  cost  of  sam.-.  should  be  entered  similar 
records  should  be  kept  for  tanks,  filter  beds,  etc.  At  the 
mount  of  work  each  unit  has  done 
could  b.-  entered  to  make  Such  a  book 

is  invaluable  to  a  manager,  and  m '"  his  successor. 

Labor  Costs. — The  manager  has  now    tec  . detain  the  cost  of 

tin    label    which   the  rarlous   operations  Incur.     In  the  first 

hould   s.e    thai   he    is  provided   with  a 

time    recorder,     it  erj    works,   and   an 

-    tc.  which  no  sewage    works  committee  should  object. 

I  will  assume  that  every  works  is  provided  with  one 

Wages  Book.— This  should  he  suitably  ruled  for  each  man's 

a-  to  him.  1  le-  total  beini  I  labor 

■  •  i  k.  from  which  the  paj  sheet  de  out.    But 

she  ni  n  clay  I..-  rehired  i"  be  entered  Into  the 

works  register,  it  will  bl  lain  modifica- 

tions. 'I'll.-  staff  can  he  separated  Into  various  divisions, 
Buch  as  engine  mi  ten,  eti      with  a 

summary  giving  the-  cost  ol  each  division  each  day.  which 
would  most  convenientlj  6  into  the  register  at  the 

week.    su<h  a  s  factory  as  long  as 

men  an    employed   in  purification  work  only;   hut   if  and  when 

it    hc-i  omes 
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-  ol  work  a  different  or  extended       item  is  necessary. 
Now.  very  tew  manager  "ill  be  able  to  And  I  iry  time 

p  a  set  of  books  which  will  give  them  the  cost  of  any 
ib  they  wish  to  keep  separati       icb  e  cosl 

of  cleaning  a  certain  niter,  or  constructinj  one,  et<  . 

or  even  of  dividing  up  the  ordinary   works  cost    undei 

headings.      A    simple    system    I    used    as    -      i   Ion    de 

d  was  as  follows:     The  men  were  paid  bj   the  d 
I  took  a  different  letter  for  each  class  ol   work   I   wished  to 
keep    separate — P    for    purification.    M     for    maintenance    of 
grounds.   W   other   works,  such   as   new 
eti  .   and    so  on.    One  of  those  letters  I  pul   in  the  columns 
opposite  a  mail's  name  each  day,  in  accordance  with  the  work 
be  had  boon  doing,    if  he  only  worked  hall  :    daj    i  put   P  2. 
These  particulars  wore  obtained   from  a   diarj    in  which  the 
work  the  men  were  engaged  on  was  entered  day  by  day.    This 
was  all  summarized  at  the  bott    m  of  the  sheet        d  I 
Ol   each  'lass  of  work  so  obtained.     The  amounl 
under  the  items  raark<  d  W  were  entered  er,  the 

number  of  the  folio  being  attached  to  the  letter  on  the  sheet. 


New    3,800   Foot   Bridge   at   Sydney  Harbor 

It  has  now  been  decided  to  proceed  with  the  construction 
of  the  long-projected  bridge  across  Sydne}  Harbor  from 
Dawes  Point  on  the  south  to  Milson's  Point  on  the  north. 
According  to  the  Times  Engineering  Supplement,  bids  to  be 
delivered  to  the  Under-Secretary  for  Public  Works  at  Syd- 
ney. New  South  Wales,  h\  Oct,  31  next,  are  being  invited  for 
the  whole  of  the  work,  including  the  manufacture,  supply, 
and  delivery  of  the  metal  work  and  the  construction  and 
erection  of  the  bridge  ready  for  traffic.  The  time  allowed  for 
completion   is   seven   years. 

The  total  length  of  the  main  bridge  and  approaches  for 
which  bids  are  invited  is  3,816  ft.,  center  to  center  of  abut- 
ment     meai I  along  the  Genter  line  of  the  bridge,  which 

is  straight  except  Eor  a  curve  of  eight  chains  radius  in  the 
northern  approach.  The  main  bridge  I  to  consist  of  steel 
cantilevers  spaced  i1^  ft.  ti  in.  apart,  with  shore  and  harbor 


Elevation   of    Bridge   to    Be    Erected    Over   Syd 

The  system  was  extremely  easy  to  keep  up.  The  ledger  had 
two  cash  columns,  one  in  which  I  placed  cost  of  wages,  the 
other,  cost  of  materials,  which  were  transferred  from  the 
"Goods  Received"  book. 

As  1  stated  previously,  such  systems  as  I  have  described 
are  only  able  to  deal  with  ordinary  sewage  purification  work, 
but  there  are  a  number  of  managers  who  carry  out  side  lines, 
and  require  to  keep  accurate  costs  of  each,  and  when  this 
occuned  in  my  own  ease  I  found  it  necessary  to  alter  my 
system.  I  then  introduced  time  sheets  for  the  men.  as  I  was 
no  longer  able  to  keep  note  of  each  man's  work  without 
some  such  aid.  Then  I  scrapped  my  wages  book,  and  the 
one  I  now  use  has  on  one  page  the  time  worked  (now  in 
hours),  and  the  total  cost,  including  insurance.  The  other 
see  of  lii  page  was  ruled  off  into  cash  columns,  a  column 
being  taken  for  each  separate  department,  and  each  man's 
wages  analyzed  according  to  the  time  sheets,  each  item  being 
totalled  up  each  week  and  cross-checked,  the  amounts,  where 
iy.  being  transferred  to  the  ledger  as  before.  I  can 
now  ouite  simply  keep  the  cost  of  any  constructional  work, 
etc.,  which  comes  along,  and  I  also  have,  by  carrying  forward 
the  totals  each  week,  the  total  expenditure  in  wages  of  any 
department  to  date,  without  recourse  to  any  other  ledger, 
and  the  amounts  are  periodically  transferred  by  the  ac- 
countant to  the  separate  items  in  the  yearly  estimates.  Thus 
I  am  able  to  work  out  the  wages  for  25  to  30  men  and  analyze 
them  in  about  an  hour. 

Materials  Register. — It  is  necessary  to  keep  a  register  of 
all  materials  which  come  into  the  works.  This  register  can 
be  devised  on  similar  lines  to  the  wages  book.  The  materials 
and  cost  are  entered  on  one  page;  the  other  page  is  divided 
into  cash  rulings  and  the  amounts  entered  under  separate 
headings  corresponding  to  those  in  the  yearly  estimate,  so 
that  expenditure  can  easily  be  noted,  and  the  items  trans- 
ferred to  the  ledger,  as  in  the  case  of  constructional  or  special 
work.  By  these  means  any  manager  can  keep  a  complete 
system  of  accounts  himself  with  the  expenditure  of  quite  a 
small  amount  of  time.  Where  goods  are  sold,  of  course, 
a  system  of  bookkeeping  must  be  introduced,  when  clerical 
assistance  will  be  necessary:  but  this  is  not  within  the  scope 
of   my    paper. 

House  Prices  Past  and  Present  in  Great  Britain. — The  re- 
markable drop  in  prices,  which  is  one  of  the  most  significant 
signs  in  connection  with  modern  housing  schemes,  compared 
with  those  planned  and  carried  out  but  a  comparatively  short 
time  ago,  is  clearly  indicated  in  the  case  of  the  Swansea 
scheme.  The  houses  still  to  be  erected  will  cost  about  £551 
apiece,  as  compared  with  £750  for  houses  under  the  earlier 
scheme.— From    Municipal    Engineering.   London. 


ney    Harbor,    Sydney,    New  South   Wales. 

arms  each  500  ft.  long,  the  harbor  arms  to  support  a  central 
span  600  ft.  long.  The  clear  span  from  center  to  center  of 
the  main  piers  is  to  be  1,600  ft.  The  cantilevers  and  the  sus- 
pended span  are  to  be  "M"  braced,  with  each  main  panel 
divided  into  four.  Between  the  main  trusses  the  bridge  is 
to  carry  (1)  four  4  ft.  S%  in.  railway  tracks,  each  spaced 
12  ft.  apart  center  to  center,  with  a  side  clearance  of  7  ft. 
6  in.  from  the  center  of  the  outermost  track  to  the  nearest 
portion  of  the  structure;  and  (2)  a  roadway  35  ft.  wide  be- 
tween kerbs  and  protected  on  each  side  by  a  steel  lattice 
handrail.  Outside  the  main  trusses,  and  carried  on  cross- 
girders  cantilevered  out,  there  is  to  be  a  motor  roadway  18 
ft.  wide  on  the  eastern  side  and  a  footway  15  ft.  wide  on  the 
western  side. 

As  will  be  noted  from  the  accompanying  elevation  repro- 
duced from  the  Times  Engineering  Supplement,  at  both  the 
north  and  the  south  ends  there  are  to  be  three  approach 
spans,  each  consisting  of  four  "M"  type  deck  trusses  with 
subdivided  panels,  and  supporting  projecting  cross  girders 
to  carry  the  motor  roadway  and  footway.  The  railways  and 
roads  on  both  the  approaches  will  be  on  a  gradient  of  1  In 
to,  which  will  be  continued  to  the  harbor  ends  of  the  canti- 
lever arms,  but  on  the  central  suspended  span  they  will  be 
level  and  at  a  height  of  189.52  ft.  above  mean  sea  level  or 
standard  datum.  The  suspended  span  is  to  have  a  clear 
headway  of  170  ft.  above  high  water,  or  172.52  ft.  above 
standard  datum. 

The  main  piers,  anchor  piers  and  piers  and  abutments  of 
the  approach  spans  are  to  be  constructed  in  concrete  faced 
with  granite  masonry.  The  main  piers  are  erected  on  fore- 
shores which  have  been  reclaimed,  and  in  founding  them  the 
solid  rock  must  be  reached  by  unwatering  in  a  coffer-dam 
or  other  suitable  means,  or  by  the  pneumatic  process  if 
necessary,  as  the  concrete  in  the  footings  below  water  level 
must  be  laid  on  the  solid  rock  in  the  dry.  The  other  piers 
and  abutments  are  well  above  sea  level,  and  the  excavation 
will  be  wholly  in  the  dry. 

It  is  provided  that,  if  economy  and  enhanced  appearance 
can  be  obtained  by  so  doing,  bidders  may  vary  the  plans 
shown  in  the  specification  drawn  up  by  the  chief  engineer, 
Mr.  J.  J.  C.  Bradfield,  as  regards  length  of  the  spans,  outline 
of  the  trusses,  details  of  bracing,  number  and  pitch  of  cross- 
girders  and  stringers,  details  of  decking  and  hand-railing, 
but  the  salient  features  must  be  preserved.  The  cantilevers, 
girders  of  suspended  span,  cross-girders  of  main  bridge  and 
girders  of  approach  spans  may  be  wholly  or  partially  of 
carbon  steel,  nickel  steel,  or  chrome  and  nickel  steel.  The 
details  of  the  construction  of  the  superstructure  are  left  to 
the  bidders. 
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The  New  Era  of  Scientific 
Management 

By    II     BAKER, 

ndon. 

"ii::  war  "ii.    ,,i   the   principal    problems  to  be 

In  the  engineering  Indu  i    change  in  nature 

which  became  necessar;   toi  •■  great  man]   works. 

I"  many  .  mge  was  threefold,  consisting  of  the 

Btrange  work,  a  m   general   •■  to 

noii   '.Mu-k.  ami.   lastly,   a    considerable  change   in   size 

Small    wonder,   then,   that    many    ol  and    methods 

had  worked  reasonaul]    well   before,  then  broke  down 

completely  and  the  need  fur  new   and  difl  iiecame 

i .  rj    in.n  ;. 

;  •   condition  i  ol  for  methods 

suited  to  now  needs  it  was  only  natural  that  a  great  deal  of 

'■n  should  :  '  be  nev  esl  methods 

making   very   wide   and    aometln xtravagant    claims   and 

rallying  generally  under  the  aegis  of  the  movement  known  as 

title  Management."  Whethei  1 1 1 •  •  exact  nature  of  Sei- 
entiflc  Management   was  well  understood  by  the  majority  of 

'.v  ho    took    it    up    or    by    those    who    i 

doubtful,     indeed,    during    the    war    yeai      and    subsequently 
the  meaning  ol   Si  [entitle   Management   bas  Itself  undergone 
v.  change,  partly  to  Include  ■<   svidei    aphere  of  activities  and 
I  on  account  of  the  modification  ol  methods  found  to  be 
beme  originally  American  to  the  par 
ticular    needs   and    Bentiments   of   this    country.      The   term 
ntiflc    Management"    was    "pre-empted"   by    the    Taylor 
group  of  engineering  managers  in  America  and  was  adopted 
by  them  instead  of  simply  "the  Taylor  system,"  as  thereto- 
fore, as  they  thought  it  expressed  more  adequately  the  ideals 
underlying   Mr.  Taylor's  methods      The   more   ambitious  title 
has.  however,  proved  to  be  less  Bpeciflc  than  the  original  one, 
and  in  the  majority  of  eases  where   so-called  Scientific  Man- 
nt   has  been  adopted.   \.i      mil    attention    is   paid   to 
the  really  painstaking  work  reo  ed  by  the  founder. 

Installing  New  Systems.  The  trouble  of  installing  the  new 
TOUghlj  and  soundly  at  the  time  ol"  greatest  de- 
mand was  fundamental,  In  the  first  place  there  was  not  a  suf- 
ficient Bupply  oi  well-trained  men  having  practical  experience 
enough  to  overcome  dill. cult  i.  a  in  working,  and.  in  the  second 
place,  even  where  such  men  were  to  be  found,  there  was  no 
uen  to  go  caution-!  ei    erj  Btep  sure.    The 

work   had   to   be   done   at  once  and    was   rapidly    Incn 
It    the    best    method    could    not    be    Introduced    rapidly    then    a 
one   was   better   than    none.      The    very    rapidity    with 
which  the  n,.«    systems  were  installed   was  Itself  a  difficulty 
and    did  not  enable   workers   familiar   with   older  systems  to 
be  properly  educated  to  'he  change  before  it  took   place  or 
'Hied    to    it    before   there   was   some 
further  modification.     Under  these  conditions  the  widest  pos- 
iccesses  and  failures  prevailed,    in  some  case 
ble  organizers  were  seem,.]  and  conditions  were 
lairly   favorable   excellent    work   was   done   which   would  have 
.possible   under   the  old    regimi        in    other  cases  only 
'  ..I  mollification  ol  existing  methods  was   possible,  while 
in   the   worst   eases  the  old   methods  and   the  new   ran   side  by 

side  in  expensive  rivalry.  was  maintained  for  each! 

litions  after  the  armistice  caused  a  very  keen  review 

ot    all    war    innovations    and    found    n  them    wanting. 

The  nature  of  I  itsell   often   Implii 

strain 
new  organizations  and   methods  which  they  were  not 
bearing.     Thi 

■  ed  for  the  most   pari  that  the  tew 
and   methods   were  not  enl    a     thi    old 

be,  and  w«  re  man  ensive.    Con 

tly  'hey  v..  r<  dropped  as 

Dsuitable   to   peace  condil 
maintain  In  the  face  of  keen  competition      That  thi 
might  be  true  in  one  i 

tied,   hut    to   gay   that    thi 
'air    without    tun.  I 
The   Groas   Test.-    If    we   accept    thi  |    thai    many 

lltly    give,,    it    ln,     we    shall    he 

on  •  •  ntiflc   Managi 

has  failed.      Y  fever,   apply  another  and    fail. 

(\2\ 


1  mis  who  had  begun  to  test  Scientific 

Managi   a  enl   before  the  war  how  many  have  abandoned  the 

Verj   lev.    musl    bave  done  so;   we  ourselves  have 

1  here   must.   then,   lie  some  good 

tor  retaining  the  Bysti  i  ases,  and  It 

have  the  chief  drawbacks  named     Tin-  reason  why  it  fa 
11,11  thai   He  ia  Intrinsically    good  or  had.  but   thai 

"'"''''     '"  h   condition     anj         ti  m    would   bave  failed.     The 

Influx  oi  war  workers  meant   thai   there  were  at  any 
"■w    people   who   really    bad   a    grasp   of  the 

system  which  concerned   them,  and   still 

familiar   with   the  ..  ,i,,.    works   as   a    wh.de       Puder 

conditions   flexibll  I  ot  to   i spected,   for  in 

'■■  he  flexible  a  system  must  be  understood,  not  merely 
inically  obeyed,  bj   all  those  i  onci  rned   with   it 

can  onlj   be  done  in  tin,,,     in  the  majorit]  ol  cases  it  takes 

a    long    time;     with    a     rapi.lh  hardly 

be  done  at  .ill. 

1,1    ""     "|;<"'  '    "  "I    results   could    not    be 

expected,  for  in  all  departments  it  was  necessarj  to  hire  in. 

.  Ihcieiit    labor    and    t,.    havt     ;-    in. hi.il.  r    ol    labor.    I,,    pi 

tor   withdrawals  ol   empli  ,  ments 

and    to    leaving    to    obtain    promotion    or    higher     wag. 

Idded  in  this  ■■•  i     I       difficulty  of  teaching  wi 

ia«  io  their  job.  which  m.  ..ut  Unit  in  , ,,ne  cases  the  only 
practicable  Bolution   was  t,,  arrange  for  " ■  ma 

even     it     it     did    Hot     quit.      OCCUPJ     lie-    wlmle    ,,1     hjs    lime.       TllllS 

i'  veiled   agalm  I    Scientific    Mai  I    on   the 

ground  of  its  expense  musl   not  be  taken  too  serii 
i     i.i  he  proved  exp.  u   ivi     it  I    be  on  the  basis  of  . ■" 

normal   management  and  not   i  n  anj   temporary   trails 

Future  of  Scientific  Management.— To  obtain  an  adequate 
idea  of  the  future  i  tfanagi  men!  we  must 

a    little   more   deeply   mi.  ,1    nature.      It    If    B 

no  nt  which  has  had  a  sudden  and  tremendous  vogue.  Now 
"  is  under  somi  ■•    ol  disapproval.    Will  it  fade  grad 

ually  away  with  other  recollections  of  an  exceptional  i 

or  will  its  basic  natun  guarantee  its  life  and  growth  in  this 
country? 

The  Indications  a'"  Hint  ;t  will  steadily  regain  favor.  Its 
aim  of  substituting  science  and  knowledge  fur  rule  of  thumb 
methods  in  management  is  In  accordance  with  the  spirit  of 
advanced  industrialists,  and  there  is  no  need  to  hamper  the 
system  here  with  the  crt  anisms  which  often  ac- 
companied it  in  tin  '  ;  ..i.  iiut  which  are  not  an  essen- 
tial   part   of   it.      Indeed,    there    is    already    lor d    what  one 

might  almost  term  an  Anglicized  version  suited  to  home  re- 
quirements and  capable  of  giving  good  results  on  patient  and 
intelligent  application. 

Taylor's  own  words,  written  in  1903,  after  26  years  of 
experience  in  installing  his  system,  should  strike  home  now 
to  many  of  those  wl  ■  n   disappointed   in   Scientific 

Management  He  said:  "Probably  a  majority  of  the  attempts 
Hint  are  made  to  radically  change  the  organization  of  manu- 
facturing companies  result  in  ;,  loss  of  money  to  the  company, 
failure  to  bring  about  the  chat  I  turn  to 

practically  the  original  organization. 
that  there  are  but  few  employers  win,  look  upon  managi 
as  an  art.  and  that  they  got  al   .i   difficult  task  wit 
having    understood    or   appreciated    H"  tor   or- 

i  ion    or   its    cost,    the    in, uhhs    to    be    met    with,    or   the 

obstacles   tn   be  ovt  I    without    having    Btudied   the 

in,  alls    to    be    employ  ed    m    dim 

"■   Starting   to  1                              Iges  in   the  organization 
mpany  the  follow  In  arefully  con- 

1 1 1  The   importam  •    of  choosing  the  general 
oi  management  best  suit,,!  t,,  the  particular  case.     (2)  That 
in  all  cases  money  must  be  Bpenl  and  in  man  great 

deal  ot  money,  before  tl completed  which  re- 
sult in  lowering  co 

result     worth     aiming    al.       Mi     The     lm  portal (     making 

in  their  propei  ord<  r,  and  that  unless  the  right 
■  n.  and  taken  in  their  proper  sequence,  then 

loratlon   In   the  quality  of  the  output   and 
'roubles  with   Hie  workmen,  often   re  ulting  in 

Difficulties   of   War    Period.      It    will    thus    be    Been    that    the 

difficulties  of  the  war  period  were  precisely  similar  to 

always    present,    but     ,n    :m    extended    scab     and   subj.  .1    i..    Hie 

Bpeclal  considerations  we  have  mentioned.  These  failures 
ar..  and  always  have  been,  ,  icceedingly  unfortunate  for  the 
future   of   genuine    Sclentlfli     Managi  dally    when 
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the)    result   From    sum.    I  bavi . 

th  ol   the  e 
which,  it    is  Bate  to  say.  will  continue  at    first   slowly,  and 
later  more  rapidly  as  its  good  point  • 
have  used  it  rationally,  by  long  at  i 
formulate  a  cod<    ol    scientific  data  in  connection   with  man- 

hi    and    indusl  rj    is  a   work    « ell    woi  I  hj    ot   proli 
attention:    to  subsern    "the  common  interests  ol   employers, 
workmen   ana    society   at    large   through 

lable  wastes,  the  general  improvement  ol  the  processes 
ami  methods  ot  production,  and  the  iusl  and  scientific  distri- 
bution ol  the  product"  is  the  first  of  the  founder's  claims  ot 
Scientific   Management.    These  are  ideals  ol  •  worth, 

Independent  of  political  taction  and  towards  which,  Ind 
win  ultimately  tend  either  bj  conscious  or  unconscious  di- 
rection Scientific  Management  has  failed  as  a  "philosopher's 
stone"  to  turn  base  systems  into  noble.  It  has  even  failed  to 
keep  its  distinctive  title  entirelj  i"  itself,  bin  for  those  who 
have  used  it  carefully  over  a  range  of  years  it  b 
mil   successful  ami  profitable. 


Concrete     Raft     Foundations    for    Radio 
Station 

From  Le  Genie  Civil.  Paris. 
The  foundation  of  the  Lafayette  radio-telegraph  station  at 
Croix  d'Hins,  near  Bordeaux,  were  designed  for  a  soil  whose 
characteristics  were  almost  unknown,  and  consisting  largely 
of  dune  sand,  and  for  resisting  wind  pressure  which  had  to 
1'.    assumed   rather  than   determined,  so   that    th 


Sectional    Elevation.    Plan    of    Base    Grill.    Plan    of    Upper    Part   and 

Section  of  the  Angle   Pieces   Forming  Concrete   Part 

of    Structure. 

were  faced  with  the  very  awkward  problem  of  providing  foun- 
dations to  support  an  unknown  load  on  a  soil  of  unknown 
supporting  power.  Tests  showed  that  the  ground  would  carry 
a  load  of  2,700-4.000  lb.  per  square  foot. 

Test  piles  13  ft.  in  length  were  driven  into  the  ground  and 
showed  that  the  latter  had  a  greater  carrying  power  than 
might  be  supposed,  though  they  did  not  furnish  any  very- 
precise  information.  Moreover,  the  ground  was  often  boggy, 
so  that  a  light  superficial  foundation  was  selected. 

A  consideration  of  the  forces  involved  showed  that  the 
critical  position  is  attained  when  the  neutral  axis  is  tangen- 
tial to  the  perimeter  of  the  base;  such  a  condition  is  com- 
parable to  that  in  a  metal  prism  subjected  to  a  force  which 
limits  the  attainable  elasticity.  There  is  no  danger  of  rup- 
tures, but  the  greatest  care  is  necessary,  and  the  usual  rule 
for  such  cases  limits  the  forces  to  half  the  limit  of  elasticity. 

The  details  of  the  concrete  raft  with  overlying  base  are 
shown  in  the  accompanying  illustrations. 


Tubular  Reinforcement  of  Concrete. — According  to  Le  Con- 
structed de  Ciment  Arme'  of  Paris,  a  factory  recently  erected 
at  Lille  has  a  reinforcement  of  small  pipes  or  tubes  up  to  fi 
in.  diameter  and  *s  in.  thickness,  strengthened  where  neces- 
sary by  spiral  wires  V,  in.  diameter.  After  the  completion 
of  the  reinforcement  or  skeleton,  it  was  completely  embedded 
in  concrete  mortar. 


Adsorption  in  Sand  Filters 

By  JOHN  mix. 

[nstltutloi 

Tin'  pr<  Bent  invi  Btigation  was  begun  several  years  ago  and 
at   Brat  i. ad  reference  to  permutit     i  which  is  ex- 

Lensivelj  used  for  the  purpo  ftenlng  hard  waters.    The 

facility  with  which  permutit   removes  com]  ilcium 

and   magnesium   from  water   i  ...    the  must 

pan  to  tii"  chemical  inten  banj  .  de  and 

.    ignesia  on  ti ther;  but    id  orpl also  pla i     [I 

part  in  bringing  the  substances  dissolved  in  the  watei   within 
ngi     ii    which  chemical  action   may   assert  itself.     Per- 
mutit   also  removes  ammonia   from   water  and  can   be  most 

usefully  employed   in   removing  the  last   traci      ol    ami la 

from  ordinary  distilled  water. 

Another  filtering  material  which  is  supplied  by  a  well- 
known  firm  is  called  polarite.  This  has  as  its  chief  property 
fso  far  at  least  as  the  present  research  is  concerned)  the 
wi  ll-defined  power  of  removing  iron  in  solution  or  in  colloidal 
suspension  in  water.  Here,  also,  the  action  is  largely  a 
chemical  one,  while  adsorption  again  intervenes  to  enable 
tti.  oxygen  occluded  in  the  polarite  to  engage  successfully 
with  the  iron  and  so  render  it  insoluble  or  coagulable.  An 
account  of  tin-  author's  work  on  permutit  and  polarite  will 
be  found  in  the  "Kolloid  Zeitschrift,"  v.. I.  XV.,  inn 

Recently  extensive  investigations  have  been  made  with 
ary  sand,  crushed  quartz  ami  felspar,  in  order  to  find 
out  th-.  law  of  adsorption  by  these  substances  in  regard  to 
ammonia,  both  ordinary  and  organic.  In  general,  the  expert 
ments  have  been  under  laboratory  conditions  because  it  was 
necessary  to  exclude  organisms  that  could  "film"  the  filter. 

Removal  of  Ammonia  by  Sand  Filters.— Filtration  through 
sand,  as  is  well  known,  not  only  removes  suspended  matters 
and  organisms,  but  also  produces  a  very  marked  alteration 
in   the  amount  of  dissolved   material. 

We  have  sufficient  evidence  in  regard  to  this  from  the 
reports  published  at  water  purification  works.  Among  these 
may  be  mentioned  the  Metropolitan  Water  Hoard  of  London. 
tie-  Waterleidingen  of  Amsterdam,  and  other  installations  on 
the  Continent  and  in  America  and  Great  Britain.  The  chem- 
ical analysis  of  the  service  water  before  and  after  filtration 
shows  a  large  reduction  in  the  amount  of  ammonia  due  to 
the  water  percolating  through  the  bed  of  sand.  At  London 
the  reduction  is  frequently  as  much  as  90  per  cent.  The 
average  quantity  of  ammonia  in  Thames  filtered  water  is 
about  n.002  parts  per  million,  while  that  in  the  water  which 
is  led  to  the  filters  is  not  less  on  the  average  than  0.04  per 
million.  To  take  a  particular  year  (1907-8)  it  is  noticeable 
that  the  value  0.002  varies  but  slightly  from  month  to  month 
(0.004  to  0.001),  while  on  the  other  hand  the  quantity  in  the 
raw  water  is  extremely  variable  (0.10  to  0.008).  from  which 
it  will  be  seen  that  the  sand  filter  is  capable  of  dealing  as 
efficiently  with  comparatively  large  as  with  small  amounts  of 
ammonia. 

At  Amsterdam  the  filters  reduce  the  amount  of  ammonia 
by  at  least  90  per  cent  on  the  average.  In  the  year  1919  the 
raw  water  contained  0.49  parts  of  ammonia  per  million,  while 
the  filtrate  was  practically  free  from  it.  A  maximum  content 
of  the  large  figure  of  0.98  per  million  was  reduced  to  0.02 — 
i.  e.,  by  98  per  cent.  With  respect  to  albumenoid  ammonia 
the  decrease  at  Amsterdam  on  filtration  is  from  0.34  parts 
pet  million  to  0.15  (Vecht  water  1919),  a  fall  of  55  per  cent, 
and  at  London  (Thames  water  i  from  0.16  to  0.06,  a  decrease 
per  cent.  At  other  waterworks  in  Britain  there  is  a 
considerable  reduction  in  the  amount  of  albumenoid  ammonia 
in   consequence  of  filtration. 

Causes  for  Decrease  of  Ammonia  and  Organic  Matters  in 
Sand  Beds. — The  causes  which  have  been  assigned  for  the 
decrease  of  ammonia  and  organic  matters  in  the  sand  bed 
may  briefly  be  considered  under  three  heads: 

1.  Adsorption  by  aigae  and  micro-organisms  (plankton)  in 
the  surface  film  of  the  filter. 

2.  Decomposition  by  bacteria  with  nitrates  and  nitrites 
as  end  products. 

3.  Adsorption  by  the  sand  particles  and  their  watery 
envelopes. 

With  regard  to  the  first  of  these  there  is  little  doubt  that 
the  blue  and  green  algae  and  diatoms  make  use  of  the  albu- 
menoid matter  and  probably  also  of  salts  of  ammonia,  for  it 
has  often  been  remarked  that  they  flourish  well  in  water  con- 
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_  auch  Impurities.    The  annual  reports  ol  the  Metropoli- 
tan Watt  r  Board  show  that  ammonia  inder  storage 
on    •  ad    this 
Kceeded  In  the  spring  and  summer  months  when 

•  torms  are  flourishing  and   plankton  abounds, 
jlderlng  next  the  disappearance  of  a  considerable 

tion  of  albumenoid  ammonia  In  the  Biter  it  may  I 

the  natural  food  of  manj   bp  cteria,  among 

which    may    be    mentioned    micrococci,    bacillus    termo,    and 
>-!  iriihi      These    microorganisms    disintegi 

mpler  bodie  -  ds.  trj  osin,  leucin, 

ctei  la,  without   doubt,  take  pari   In 

ili.'  work  of  the  sand  tiitor,  for  waterworks  an  In- 

has   been   observed   In   the   oxidized    nitrogen    In    the 

filtrate.     Nitrification    Is   most   noticeable   In    non-submi 

which   are   occasionally   employed    to   purify   drinking 
water  as  at  Bedford  and  Chateaudun,  and 

i  tion  "i  Don  submerged  filters  is 
fully  discussed  In  Prof.  Dunbar's  "Prlnciph  (Teal 

He  attaches  the  greatest  Importer 
tlon  of  impurities  by  the  Burface  film  surrounding  the  par- 
d  or  other  matei  I  i>ed. 

rcumstance  which  Bupports  Prof.  Dunbar's  view  is  that 
aired  for  the  purification  of  polluted  liquids,  as, 
-.    brief.     Ordinary 
■    ndert  d  i  on  putrescible  in  ten  minutes  by  pa 
through  a  ripe  filter  bed  1  metre  deep     Tl 

bout  this  change,  and  one  mu 
that   the   putrescible  matters  have   been   adsorbed    bj 

the  filter.     0  Im  surround!] 

-  is  probably  more  or  less  slimy  and  therefore 
adapted   to  adsorb   impurities 
But  there  is  evidence  thai  :  amount  of  purl- 

btained    without    tl"     Slil    v    skill    which    is 
charai't  thai  in   operation 

for    a    time    and  saying    is.       At 

Amsterdam,  satisfactory   purification   is  observed   before  the 
have  had  time  to  ripen,  and  at  different  places  where 
the  filters  are  roofed  in  and  liuht  excluded  in  order  to  prevent 
ood  results  arc  recorded  (see  "Modern 
Methods  of  Water  Purification."    Hon  and  Chisholm,  2nd     di 

Exneri-nents  Under  Laboratory  Conditions. —  In  order  to 
find  out  how  far  the  granules  Of  sand  with  their  watery  en- 
velopes are  able  to  assist  In  purifying  water  from  dissolved 
materials  a  series  ol  expi  r<    made.    II  appears  that 

absorption  of  ammonia  and  its  salts  does  certainly  take  place, 
and  thai  organic  matter  is  in  general  reduced. 

Three  filti  rs  were  prepared  by  tilling  glass  tubes  of  1-in. 
bore  am'  66  in.  lone  to  a  depth  of  32  In.  with  fine  sand  or 
crushed  quartz.  Tin-  sand  was  of  fairly  uniform  grade  ind 
lally  employed.  It  rested  on  2  in.  or  3  in. 
of  coarsi  r  material  and  the  lower  ends  of  t lie  tubes  were 
drawn  oul  and  provided  with  screw  clips  to  regulate  the  rate 
of  flow.  Before  a  series  of  experiments  the  sand  was  thor- 
oughly washed  with  tap  water,  then  with  boiling  water,  and 
finally  was  Btrongly  heated  for  some  time.  The  rate  of  fil- 
por  hour  in  Filter  -N'o  I  was  approximately  20  in.,  in 
No.  2  12   in.,  and  in   No.  8,  2  In 

In   the   fir   •  •      the   "raw"    water    was    represented 

by  distilled   water  containing   so  mu  .union   salt   of 

ammonia  as  represented  1  part  of  ammonia  per  million. 

Bam]  I  fl  other  when  a   column 

of  water  L'e  in.  deep  had  passed  through.     II   was  found  thai 

tion  at  the  beginning  was  almost   perfect,  over  80 

at   Of   the   ammonia  being    removed    from   the   (list    five 

les,  but   after  that  there  was  a  gradual  falling  off     When 

a  column  of  200   in.   had  I     0   per  cent    of 

imonla  was  retained,  and  whi  i  red  the 

adsorption   wa      practically   nil      From   r 1 1 . ■  if  thi     water 

passim.-    in    this    wa  'Im     total   ammonia    had 

I      -  |;<I  Hie     in       i        pi  ;irt  icallv     1,001 

and   1    [iart    per  million   is   1    nig.   per  litre   |  In   a 

COlumi  1    S'|     cm.    in    section    ami     1,1 -in 

•  aid  b<    presi  ol   in  the  unl  1  nag. 

erefore,  as  the  sand  in  the  experimental  filter 

which  v.,     -ii  cm.  deep  (32  In.)  absorbed  58  per  cenl  ol    i 

mg.  of  ammonia,   l    cu    meter  of  sand   could  aba  >rb  over  7 

:  i  tun  a     olutlon  of  the  i  oncentration  of  l 

part    per    million.      Under    the    game    conditions    l    cu.    yd.    of 


sand    would    absorb    about    one-fifth    Ol    an    ounce    of   ammonia. 

Table    1    shows    the    pel  reduction    ammonia    in 

each  sample  ami  also  'he  i ntage  of  the  total  adsorption 

O.i. 

.  i, 

No  of  wati  '  ■  pt  Ion. 

Pi  iv.  mage.         I  ■ 
9 1  8 

ii; 
90 

.     100  90 

120 

7.    ...  76 

70 
180  62 

10 

11...  71!. 4 

P.'.... 

16  si   t 

15...  I"  88.7 

20 

• 

The  sand    was  v  .    . 

i    found 

M     with     boiling     water    and    afterwards    to 

heal  o>,  er  a   Bunsen  fiami  '  obtain 

is        San. I    w  hlch    has    I 

been  washed  in  cold  water  bat  lower  or  adsorption. 

Filter  No.  2.     Different  and  probabl;    improved  results  were 

in  this  niter,  but  lized.   Tb     amount 

dsorbi  to  depend  chiefls  on  the  quan- 

thal    : pa!  thro  tgh    'he    sand.      This   con- 

i    was  confirmed  b;  with  the  very  slow  filter 

Xo.   3,   in    which    the    rati  tion    Was    2    in.    per   hour. 

Tin i       thi     lirsi    --n    >  |    iWD   below  : 

fl)  (2) 

I  '011111111    el  IP  

w:iter  filtered  ammonia. 

Inches.  Pencil 

20  95 

2 40  95 

3 60  92 

4 80  90 

k                      ion  90 

6..!' 120  85 

Although     tie-    ral  'ion     was     in     this     case    one- 

tenth  that  with  Filter  No.  1.  the  decree  of  purification  was 
very  much  the  same,  and  'In  would  confirm  the  statement 
made  by  Prof.  Dunbar  that   adsorption  proceeds  very  rapidly. 

A  freshly-Cleaned  sand  filler  ol  the  ordinary  type  would 
retain  a  certain  percentage  ol  the  ammonia  present  in  the 
raw   water  during   tie     A]  hue   days   of   its  action 

as  a  result  of  adsorpi  granules  of  sand. 

From    various    water  wo  68   of   raw   water   and    of 

the   tirsf   day's  effluent   have  1 n   obtained  and  analyzed.     It 

appears  that  the  amount  ol  ammonia  in  the  latter  is  reduced 
by  the  varying  percentages  ranging  from  SO  to  80.  Samples 
taken  from  a  rapid  mechanical  filter  immediately  after  wash- 
ing also  showed  large  reductiot 

We  know  that  sand  filters  working  out  of  doors  may  con- 
tinue for  many  days  to  reduce  the  content  of  ammonia  by 
80  per  cent  or  even  more.  To  iho  film  of  vegetable  and  ani- 
mal growths  which  is  formed  on  the  surface  ol  the  sand  must 
in-  attributed  the  pi  atalnlng  the  adsorption  of  am- 

monia. To  test  this,  a  filter  which  had  almost  ceased  to  re- 
move ammonia  wa-  "seeded"  with  growths  from  an  open  sand 
filter  and  allowed  to  rest  for  a  lew  days  in  a  moist  condi- 
tion. The  iii  st  tin  samples  thereafter  taken  showed  an  aver- 
age redaction  of  92  per  cent. 

Adsorption  of  Albumenoid  Ammonia  Under  Laboratory  Con- 
ditions. In  carrying  oul  under  this  heading  it 
must   bi    remembered  that   und  is  sir  a    Houston 

has  Shown,  the  amoiml  of  organic  matte,-  diminishes,  so  that 
it  is  necessary  to  check   tl ndition   Of  'he  raw    water  from 

.i.i\   to  day  before  beginning  to  filter 

\n.'i  various  trials  it  wa--  found  best  to  prepare  a  solution 
of    urea    in    distilled    w:ii         I  om     BJ him      of     such 

strength  that  it  would  yield  on  decomposition  2  parts  of  am- 

mini  1    per   million    on   deCOmpo   ttlon. 

it  became  evident  thai  the  rate  of  nitration  was  of  eom- 
paratlvelj  little  Importance,  and  accordingly  the  quick  niter 
\o    1   was  used  in  this  -.  1  of  experiments.    The  results  are 

shown   in   Table   II. 
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T  \IM.K    II 
1.  «) 

No.  of  Column  of  Redt  Total 

sample.  watei 

•  ilia. 
Inches.  age. 

1 S                                                               9.9 

47 

-1 1                             50 

4 52 

:. 50 

6 JS                             15 

7 6                             40 

S 64 

30 

in 22 

11 88                            16                           95.6 

12 10                             97.7 

' 

!t  was  generally  noticed  thai   the  first   runnings  were   less 
upon   than   those   immediately   following,    and   this   is 
blj   due  tn  the  fad  that  the  granules  of  sand  aft 
ing  dried  are  not  verj    readily  wetted.     It  appei 

that  a  sand  titter  I  sq.  em.  in  section  and  80  en 
can  remove  36  per  cent  of  organic  ammonia  from  240  cu.  cm. 
of  the  test  solution  (240  cm.  equals  96  in.  approximately).  In 
this  way  a  cubic  meter  of  sand  would  adsorb  about  2  grs.  of 
organic  ammonia,  and  a  cubic  yard  would  take  tip  nearly  one 
seventeenth  sit'  an  ounce  of  organic  ammonia. 

Referring  again  to  Table  I.  a  fifth  column  might  bi 
to  show  the  adsorptive  power  of  the  sand  after  each  sample 
in  succession   lias  passed  through.     Assuming  100  as  1! 
tia!    figure,    then   after   the    first    sample   has   been   drawn    the 
adsorptivi    power  is  reduced  to  100-8 — that   is.  92,  and  after 

,  mill  sampli  .  100-16— that  is.  St.  and  so  on.     Tlic  8 
ol  ammonia  adsorN-d  should  bear  a  relation  to  the  adsorptive 
power  of  the  filter  and   to   the   concentration  of  the   solute. 
Owing   to  the  rapid  adsorption  at   the  beginning,  the  co 

d  of  ammonia  in  the  filtering  water  is  necessarily 
espi  cially    in   the    deeper  layers   of   the   sand,    so    that    the 
amount  of  ammonia  taken  up  is  limited  on  that  account. 

As  the  adsorptive  power  of  the  sand  diminishes  the  con- 
centration of  ammonia  in  the  water  percolating  increases,  and 
this,  on  the  other  hand,  is  favorable  to  increased  adsorption. 
In  the  case  of  the  particular  filter  here  employed  the  frac- 
tion— 

Amount   adsorbed   from   each   sample 


Adsorptive  potency  of  the  sand 
increased  graduallv  from  an  average  of  0.07  in  the  first  three 
samples  to  0.124  in  the  next  three,  and  to  0.114  in  the  follow- 
ing three,  while  the  average  for  the  remaining  samples  was 

Samples  of  raw  and  filtered  water  have  been  obtained  from 
a  number  of  public  waterworks,  and  analysis  shows  that 
there  is  in  general  a  fairly  large  reduction  of  the  amount  of 
organic  ammonia  in  the  first  runnings  of  the  filters  after 
cleansina.  This  action  increases  and  eventually  attains  a 
Steady  alio-  which  persists  for  some  time.  Towards  the  end 
of  the  run  when  the  filter  is  becoming  clogged  the  amount 
of  organic  ammonia  in  the  effluent  shows  variations,  in  some 
cases  increases,  in  others  decreases  were  noted,  but  never 
more  than  10  per  cent  from  the  average. 

In  conclusion,  it  appears  from  these  experiments  under 
laboratory  conditions  that  a  sand  filter  freshly  prepared  is 
capable  of  adsorbing  fairly  large  amounts  of  ammonia  and 
dissolved  organic  substances,  and  that  this  action  takes  plat 
rapidly.  Sand  which  has  erased  to  adsorb  dissolved  sub- 
stances must  be  thoroughly  washed,  which  is  best  done  with 
boiling  water,  before  commencing  another  set  of  experiments. 

Tested  by  the  approved  methods,  the  surface  tension  of 
water  containing  one  part  of  ammonia  per  million  does  not 
differ  from  that  of  pure  water.  With  higher  concentrations. 
as  cne  per  hundred  thousand  or  one  per  ten  thousand,  there 
is  hardly  a  measurable  difference  in  the  surface  tension. 
Kence.  to  explain  the  retention  of  ammonia  in  the  filter  one 
cannot  fall  back  on  the  thermodynamic  law  of  W.  Gibbs  and 
Sir  J.  J.  Thomson  that,  "if  the  surface  tension  diminishes 
with  increasing  concentration  the  surface  film  will  contain 
more  of  the  solute  than  the  solution  does."  The  film  sur- 
rounding the  particles  does  not  enrich  itself  from  the  solute 
at  the  expense  of  the  rest  of  the  water  passing.  Now,  the  fact 
is,  that  the  liquid  within  the  filter  is  simply  a  moving  film 
which  embraces  the  sand  granules  and  slowly  glides  down- 
wards. The  true  seat  of  adsorption  must  be  looked  for  in 
the  particles  of  sand  themselves  whose  wetted  surface  with- 


draws  from  the  inner  tare  of  tin-  watery  film  some  portion  of 
tin-  dissolved  substances.  Hence,  tie-  necessity  of  thoroughly 
washing  the  sand  after  it  has  ci  repeat- 

ing a  set  of  tests. 

Exactlj    the    same    remarks    applj    in    organic    matter--    in 

the  presenl  experiments  show.    The  surface 

tension  of  water  is  not  sensibly  diminished  by  dissolving  urea 

to  the  concentration  used,  noi    even  to  much   higher  concentra 

tions,  and  accordingly  thi  h   is  the  seat   of    id 

in  comparing  the  effect   of  sand   with   thai   of   polarite  or 

iii  there  is  litis  difference  to  remark,  that  in  the  case 

two  artificial  purifiers  the  action  is  to  a  great  extent 

a  chemical  interchange,  and  probably  not  much  true  adsorp- 

i  or       \\  ith  them  ii  in-  ome    rather  an  instance  of  the 

penetration  of  a  substance  into  the  interior  oi   the  compact 

li  .  where  tins  effort  is  also  aided  by  chemical  affinity. 

Then    is   no    reason    ti    suppose   that    anything    of   the   kind 

occurs  between  sand  ami  ii iss. .i \ .  .1  materials;   the  whole  ac- 

ol    I'",  nature  which  we    ire  familiar  with  in  the  case 

use  pi  opet  ties   ha\  e   l M   so  fuiiv  investigati 

Van    Bemmelen,  Prof.  Ehrenberg,  and   many  others. 


Concrete  Testing  on  the  Site 

I '■  im   i  '■ i  lisen,  Berlin. 

One  hi   the  most  serious  objections  to  the  customary  meth- 

i'  siing   cement   and   concrete   is   the   great  length   of 

time  required.     The  result  is  that  a  concrete  structure  may 

be  so   far   advanced   that   it  is  impracticable  to   pull   it  down 

when   the   results  of  the  tests  are  received,   whereas   if   the 


= 


I-.,  -i 
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tests  could  be  completed  in  a  week  there  would  be  far  less 
difficulty. 

Dr.  Emperger  has  now  shown  that  sufficiently  reliable  results 
can  be  obtained  for  all  practical  purposes  by  making  a  test 
beam  of  suitable  dimensions,  but  instead  of  making  the  whole 
beam  afresh  for  each  test  he  now  cuts  out  the  center  portion, 
leaving  the  greater  part  of  the  beam  intact,  and  fills  in  the 
middle  with  the  fresh  concrete. 

He  suggests  a  beam  of  the  dimensions  shown  in  the  illus- 
tration (in  centimeters)  only  the  portion  being  the  vertical 
arrows  (about  20  in.)  being  renewed,  so  that  the  material 
required  for  a  test  is  only  about  264  cu.  in.,  though  it  is 
better  to  use  more  rather  than  less  this  amount.  With  care, 
accurate  results  can  be  obtained  if  only  half  this  volume 
(the  middle  shaded  portion  of  the  illustration)  is  used. 

The  beam  is  tested  in  the  ordinary  manner  by  supporting  it 
on  two  knife-edges  and  measuring  the  modulus  of  rupture 
when  a  load  is  applied  at  the  middle  by  means  of  a  third 
knife-edge. 

The  beam  may  be  tested  eight  days  after  it  has  been  re- 
made. 


Australian  Railways  Change  of  Gauge. — Again  the  stereo- 
typed decision  has  been  arrived  at  by  the  states  premiers' 
conference  that  the  adoption  of  a  uniform  railway  gauge  is 
essential  to  the  development  of  the  safety  of  the  Common- 
wealth. The  conference  also  accepted  the  recent  commis- 
sion's rcommendation  of  a  4  ft.  8%  in.  gauge.  Further  it 
was  decided  that  the  Commonwealth  shall  prepare  and  cir- 
cularize to  the  states  a  draft  agreement  to  give  effect  to  the 
recommendation  of  the  commission.  That  steps  shall  be  at 
once  taken  by  the  premiers  of  the  states  to  consult  their 
governments  with  regard  to  the  said  agreement  and  the 
financial  obligations  of  the  parties  thereunder.  The  total 
cost  of  making  the  gauges  uniform  throughout  Australia  was 
estimated  by  the  royal  commission  at  £57,000,000.  A  modi- 
fied scheme  was  proposed  by  Mr.  L.  E.  Groom,  minister  for 
home  and  territories,  to  cost  £21.000,000,  spread  over  a  period 
of  seven  years.  The  modified  scheme  proposes  the  conversion 
of  the  trunk  line  linking  up  the  capitals  of  the  five  states. — 
The   Commonwealth   Engineer,   Melbourne,  Australia. 
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Refuse    Disposal    fnr    I  nndnn  '  a  saving  on  Dres" 

rveiuj>e  disposal   ror   Lonaon  ,  ,,,,  >    (> 

thing  up  ti  b  n   after  thai   period.     He  con 

■  metropolttai  ,llj  '  •'  impossible  to  obtain  su                  ctory  results   U 

by  the  Westminster  City  Council  to                   to  the  question  '                     "  council  ei                   to   Bell  their  own  output, 

•  l  in  the  metropolis,  ha                             I  """>    would                                                     irket, 
tnittee  which  it  appointed  t>>  investigate  the  :'""    1!1  his  judgment,   the  only  method  t"  ensure  profll 

;1i>;k.s;.]      The   in. mil,!                     im-  results   was  by  havli                                        -,•11  the  whole  of 

borough      ""'  output  of  the  metro] ghs. 

Bermondsev;    Mr.    A.    P.    Holden,  '"  sotting  oul   their  uo                                        •    deal  with 

\i  Inst  i'  k..  borough  surveyor  of  Pulham;    Mr.    i     Pat-  ;                      of  disposal                          on  the  land,  or  (b)  In 

Vl.Inst.i    v..   borough   engineer  and    surveyor   of  ""'  s''-'-   "'  hurnt   in  destructors,  (d)   pulverized  by  machin- 

Islington;   and  Captain  P.  w.  Cable,   M.C.,    Vssoi  M.Inst.C.E  ''      "    "  '     creened  and  graded  by  machinery. 

■    rveyi       '■'.  •    tmli  Dumping  on  the  Land.    -The  system  of  dumping  crude  ref- 

Amour,'.  of  Refuse  Collected.    The  average  q                      I  ""'   ""  low-lying  land,  in  disused  clay-pits  and  In  quarries,  al- 

ch  year  In  the  Adminlsti                        of  Lon  '                              the  principal  n                                      il    will. 

don  Is,  the  committee   point  out,   1.317.148  tons  and  e  believe,  be  general^  coi                                               easons 

iu    yd.,  say,   1,500, tons.    Taking   the   working  days   In  a  "  'or  no  other.     Dl                       almost  entirelj    In  the  hands 

00,  the  Bgur 5, tons  per  daj    is  obtained.    In  '""  contractors,  very  little  regard  is  paid  to  the  future  use  of 

the  work  of  collection  and  disposal   1.204   single-horse  vans.  ,;                   the  amenities  of  adjoining  owners.    The  process 

.                                                              .  .  .  j  of  consolidation  Is  slow  and  In  many  respects  Insanitary.  The 

a  total  ol   1.320  vehicles     Tl                         cted  is  deal!   with  onl'    'lis"'ir,s  >"  which  "                     tracts  of  low-lying  land 

as    follows:     670, tons   ol   refuse,   or    14.66   per  cent,  are  BU                  dumping  are                      along  the  lower  reaches 

taken  away  by  b                   mis     250, tons,  or  k,.gg  per  '"                r.  and  the  1               I   come  when  they  will 

cent  by  rail  dumi                                                   ent,  are  burnt  received  their  complemenl                               available  for  the 

in  destructors,  and  300,1 tons.  ,,.                        an    disposed  '                    "  b  land  is  m"s,h   '"  ","  ,lal"ls  "'  ;'  l,w  contrac- 

local  dumps,  by                        om  these  figures  it  would  tors,  and  munlcipalll                                        employ  those  con- 

a  that  practically  8 ndon's  house  refuse  tractors    to  take  their  rei                                i  e   are  afraid,  at 

is  at   present  disposed  of  by  dumpil  '        "f  charge. 

It   is  computed   that   the   avi                  I    of   refuse  disposal  "From  the  point  of  view    ol   public  health  no  word  can  be 

throughout   London,  exclusive                     m,  is  approximately  Ba,a  in  tavor  '"'  ''""'P'"-  crude  refuse.     Nearly  all  rural  au- 

$1.92  per  ton.    On  that  basis  the  annual  cost  would  be  £600,-      """" tronglj    oh  d   in   their.:  used 

;in(j  ,],,.  ,iajiy  ,ii,i    •  ''"'  "!ls  purpose  (although  they  may  adopt  the  same  means 

Composition  of  House  Refuse.— The  committee  quotes  from  of   alsPosal>.  chiefly  owing   to   the   tact   that   at   most   dumps 

the  r                                      ,|   1913  the  result  of  an  examina-  ""  r"  ,s  no  orRaalzed  method   of  covering  over  the  top  sur- 

tion  of  London  housi    refuse,  whii  h  thej   are  given  to  under-  la"'  "'"'  -ml:<hu'  material,  and  no  attempt  is  made  to  bring 

stand  is  for  all  practical  pun.                   ol   the  same  consist.  ""    land  bark  lnto  cu,tivi                      equently  there  is  a  con- 

ency  as  it  was  when  d                    tion    was  made,  the  only  tinual  risk  of  nuisanci                    tted  by  fermentation  and  the 

variation  being  In  the  percentaj                  one  of  the  constit-  ,I"""'  '"""";"s  ;<  breeding  ground  tor  Dies  and  rats. 

■As  regards  expen  e.  ist  pei    ton   is  very  high,  and 

composition  OP  LONDON  REFUSE.  "lr>  fa(''  "lat  re*u8e  has  commercial  possibilities,  which  are 

Amount  in  already  being  realized  to  some  extent,  emphasizes  the  point 

M.,..                                                      1refuse°f  tnat'  wl,ereas  :,n  expense  in  dumping  refuse  is  dead  expense 

.35  year  by  year  without   one  farthing  of  recoupment,  every  ton 

of  rt  iks.   salved  means  a  cleat  pr  'lit  of  from  5s.  to  10s. 

!"!!!"!!!!!.'.'!".'.'.'!!         47i0O  Dumping    in    the    Sea.— This    proposition    lias    1 u    put    to 

matter:!          13.16  US'   :""1    W",e-   if   l'C?B"  be                      '       '    ,!"""    «""1'1    ""    "" 
.40  return  ol   the   material   with   the  tides,   thl    system   WOUld   have 

":l1  -?2  the  merit  of  being  Banitary,  the  coal  of  the    necessary  trans- 

.48  .                             ,  .            , 

.37  port  to  riverside  wnarve                    hoppers  removes   it.   we 

l-J|  think,  from  the  sphere  ,,f  practicability.     There  is  also  the 

'—  possibility  of  long  delays  owing  to  unfavorable  weathi 

99.97  ditions. 

"This  refuse."  the  committee  remark,  "containing  as  it  does  ""Burning  in  Destructors.     Refuse  destructors   have  been  in 

ml    animal    properties    liable   to   decompose  and  existence  main    years,  and  they  have  the  undoubted  advan- 

putrefy,  is  In  the  mass  offensive,  and  after  a  time  dangerous  tage    of    disposing   of   the    dangerous    elements    which    de- 

n  health      Bui  ii  also  contains  other  properties  which,  if  the  volop  In  refuse  when  lefl  to  ferinenl  and  decompose.  .  ,  Heal 

trouble  be  taken  to  separate  them,  have  a  considerable  com-  is  generated   (according  to  the  nature  of  the  refuse  and  the 

mercial  value.     Moreover,  the  table  shows  that  the  offensive  type  of  destructor)  and  there  are  possibilities  of  saving  coal 

and  dangerous  properties  are  a  very  small  proportion  of  the  by  using  the  heat  for  steam  raising.     The  clinker  resulting 

whole.    The  first  three  items  of  the  table,  representing  over  from  the  burning  of  the  refuse  can  be  used  after  crushing 

•  Id,  .  are  fuel      in  every  1  no  tons  of  refuse.  in  a  number  of  ways,  and  as  a   lias,'  tor  various  manufactured 

tons  "f  fuel.     Ash  is   it  per  cent,  or  ariclea — e.  g..  paving  flags,  building  Blabs,  concrete,  road  ma- 

Dearl)    one. halt,    of    lie-    whole.      This    Material    is    useful    and  terial.    etc 

ble  tor  agricultural  purposes    Rags    bones,  bottles,  glass.  "Having  shortly  touched  on  the  advantages  of  destructors, 

crock-                   tals  can  in  normal  tines  all  be  profitably  dis-  we  venture  to  question  whetl  er  destruction  by  burning  would 

tie  found  to  be  the  mist  suitable  or  economical  method  ol 

Value  of    R-fuse  for  Agricultural   Purposes. — In  the  course  disposal   tor  adoption  throughout    London  to  the  exclusio 

of  tlnir   Investigations    the                         had   on   interview  with  others. 

E   H   Sam-,  of  the  firm  o                                .  lime  and  manure  "Even  with  forced  draft  and  high  chimnej   the  fumes  given 

of  London  and  Uckfleld,  Sussex,  who  stated  that  off  make  it  neci                    the  site  of  a  destructor  to 

in   his  opinion  the  whole  of   Londot                          Id           old  fullj    selected   In   an   open    position   as   far  as   possible   a 

I  tie-  tins,  gi                                          |  cinders  were  from   hou  es      The  success  01   failure  of  a  destructor  may  be 

•  i   •            aalndcr  crushed  and  then  mixed  measured  by  the  rapidity  with  which  it  consumes  the  refi 

with   chalk      With  discrimination   In   distribution    Mr    Sams  and  th«   proportion  of  clinker  remaining  after  the  burning. 

thought  th'-r'  could  be  secured  an  outlet  tor  this  material  all  Thi    large  quantltj   of  residual  clinker  has  in  the  past   I 

ar  round,     i                                           ushed  and  treated  one  of  the  chief  arguments    igalnsl   the  destructor.     We  be- 

ted  a  committee  or  a  combination  ol  coun-  lieve  tin-  most   favorable  result!    in  this  respect  shew  from 

mploylng  one  organization  with  an  agricultural  expert  80  to  38  percent  of  cllnkei                               burned,    it  win 

as  Its  organizer.    The  organizer  would  obtain  special  railway  thus  be  seen  that  tin-  effect  of  burning  in  favorable  circum- 

Mr    Sam  i"  substitute  tor  one  '"ii  of  refo                       "f 

■was  of  opinion  th                                         h  Ii    ol    Lo  ttkei      Assuming  tor  a  moment  fiat  tie   wind,-  of  Lond 
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that  Ihe  clinker  amounted  only 
cent,  and  taking  housi  refusi  al  73  ;  per  cent 
:    the  total  ol   Lond  .  the   quanl 

clinkei   produced   would  be  366,666  tons   pel   annum,  or  1,222 

tons  per  day.  To  enable  this  tonnage  of  house  refuse  to  be 
■■■•■  itii  by  means  of  destructors,  a  capital  expenditure  of 
not  less  than  £1,250,000  would  be  Involved.  This 
10  years  at  6  per  cent  would  mean  an  overhead  i  barge  ol  ap 
proximately  2s.  per  ton,  so  that  taking  into  consideration 
working  costs  and  removal  of  clinker,  the  total  net  cost  of 
disposal  by  destructor  would  be  not  less  than  ss  per  ton 
under  tin  most  favorable  circumstances  We  think,  hov, 
that  it  is  doubtful  whether  so  small  a  residuum  as  one-third 
would  he  found  to  be  the  average  of  all  the  destructors  in 
mid  point  out  that  the  discontinuance  ot  destruc- 
tors owing  to  unsatisfactory,  insanitary  and  uneconoi 
working  is  not  unknown.  ...  It  is  our  opinion  that  the  part 
to  be  played  by  the  destructor  in  the  future  will  be,  not  the 
burning  of  all  refuse,  but  that  pait  of  which  no  further  use 
can  be  made. 

"Pulverizing  or  Crushing. — .  .  .  One  of  the  most  valuable 
attributes  of  the  pulverizer  is  that  it  greatly  reduces  the 
bulk  of  the  refuse,  and  brings  it  to  a  uniform  consistency 
after  the  extraction  of  metals  and  large  elements.  The  South- 
wark  Borough  Council  have  been  successful  by  means  of 
their  plant  in  keeping  the  cost  of  refuse  disposal  at  a  very 
low  figure.  Although  up  to  the  present  year  half  of  the  total 
output  of  Southwark's  house  refuse  had  to  be  dealt  with  in  a 
crude  state  by  rail  to  dump,  the  help  afforded  by  converting 
the  remainder  into  a  saleable  commodity  ami  by  selling  road 
sweepings,  etc.,  has  been  the  means  of  reducing  an  already 
\ow  gross  cost  of  5s.  lid.  per  ton  (against  the  metropolitan 
average  of  Ss.)  by  40.84  per  cent  to  3s.  6d.  per  ton. 

"Salvage  of  Usable  Constituents  of  Refuse — .  .  .  Although 
unsorted  refuse  is  objectionable  and  would  scon  become  dan- 
gerous to  health,  the  fact  remains  that  practically  every  one 
of  its  component  parts  separated  from  the  remainder  is  a 
usable  and  useful  commodity.  The  development  of  machines 
for  accomplishing  this  work  of  separation  has  proceeded  rap- 
idly of  late.  That  installed  by  the  St.  Marylebone  Borough 
Council  is  practically  the  only  example  in  London  up  to  the 
nt,  but  a  number  have  been  set  up  in  the  provinces  and 
the  Council  of  the  City  of  Westminster  are  installing  an 
experimental  plant  of  a  similar  description  (though  differing 
in  detail)  to  deal  with  a  part  of  the  city  refuse.  .  .  . 

Tin  degree  of  success  achieved  in  selling  the  various  ma 
terials  salved  from  the  refuse  depends  in  some  measure  on 
the  form  in  which  they  are  put  up  after  separation.  Hydraulic 
presses  are  an  important  adjunct  to  a  salvage  plant.  By 
means  of  these  contrivances  such  things  as  paper,  rags  and 
tins  are  compressed  into  bales  of  uniform  size.  They  are 
moT"  conveniently  handled  and  transported,  and  fetch  better 
prii  es  in  such  form. 

"The  prices  obtained  vary  according  to  the  state  of  trade 
generally.  Too  much  stress  should  not,  however,  be  laid  on 
the  question  of  profit.  If  the  proceeds  are  sufficient  to  cause 
an  appreciable  reduction  in  the  net  cost  of  refuse  disposal 
the  system  would  be  justified. 

"Salvage  plants  are  still  in  their  infancy,  and  we  do  not 
give  any  details  is  to  capita]  costs  owing  to  the  variations 
possible  according  to  the  extent  to  which  it  is  desired  to  sort 
the  refuse  and  the  manner  in  which  the  residue  after  sort- 
ing is  disposed  of.  The  cost  of  erecting  on  a  provide 
a  plant  capable  of  dealing  with  from  20,000  to  40.000  tons  of 
refuse  per  annum  may  be  estimated  at  about  £15,000.  Allow 
ing  for  repayment  of  capital  and  interest  and  for  running  ex- 
penses and  taking  only  a  moderate  estimated  return  on  sales. 
a  very  considerable  saving  can  be  shown  over  present-day 
costs  of  barging  or  railing  to  dump. 

"It  is  not  suggested  that  destructors  and  other  systems  of 
refuse  disposal  shewing  some  return  on  working  should  be 
scrapped,  but  it  is  suggested  that  in  some  cases  (and  they 
are  the  majority  in  London!  where  refuse  is  barged  or  railed 
to  dump  in  its  crude  state,  the  councils  concerned  would  be 
well  advised  to  give  the  closest  and  most  serious  considera- 
tion to  the  possibilities  of  salvage." 

The  Best  Means  of  Refuse  Disposal. — Finally  the  commit- 
tee express  the  belief  that  the  great  bulk  of  the  refuse  can  be 
converted  into  marketable  commodities  and  can  be  sold  in 
relief  of  the  rates.  To  put  an  extreme  case  from  the  eco- 
nomic point  of  view  only:  If  the  cost  of  erecting  and  work- 
ing a  salvage  plant  were  less  than  the  cost  of  barging  or  rail- 


dump,  >  ven  ii  no  purcha  could 

i,.  i, ,u, ui    and   the  material   bad   to   be   given  away,   salvage 

would    still    be   Justi  Ding    and   crushing   greatly   re- 

bulk  and  render  the  material  largely  innocuous,  thus 
meeting  the  objection  to  dumping  from  the  public  health 
standpoint  The  committee's  estimate  ol  the  present  average 
disposal  throughout  London  is.  as  previously  stated, 
vs.  per  ton,  and  thej  contend  that  bj  every  is.  per  ton  that 
figure  is  reduced,  the  ratepayi  rs  ol  Lond  in  will  benefit  to  the 
•  Kt<  nt  of  £75,000. 

Pre-Cast  Concrete  Pavement 

From  The  Sin  \ .  \  or,  London. 
\  patented  system  of  pre-cast  construction,  introduced  by 
Spagnoletti  &  Grumpan,  8  Victoria  St.,  S.  W.  1  London,  is 
illustrated.  Under  this  system  a  road  is  formed  of  pre-cast, 
well-seasoned  concrete  blocks  2  ft.  in  diameter,  with  diamond- 
shaped  blocks   filling   in   these   spaces   tunned   l>\    laying   four 


Units  of  Pre-Cast  Concrete   Pavement. 

circular  blocks  tangenfially  to  each  other.  For  the  purpose 
of  keying  the  blocks  together  steel  dowel  pins  are  passed 
from  the  surface  of  the  blocks  into  diagonally  extending 
holes  placed  3  in.  from  the  periphery  of  the  blocks.  Grout 
or  a  bituminous  substance  is  worked  into  the  holes,  fixing  the 
pins  and  locking  the  blocks.  Pitch,  mexphalte.  or  other 
bituminous  substance  is  worked  in   between   the   interstices. 


French  Tidal  Power  Scheme. — The  construction  of  a  tidal 
power-station  on  the  estuary  of  the  Diouris.  a  small  stream 
ivhich  enters  the  sea  at  Aber  Vrac'h,  in  Finistere,  about  15 
miles  north  of  Brest,  is  proposed  by  the  Societe  Financiero 
pour  l'lndustrie,  according  to  Concrete  and  Constructional 
Engineering,  London.  The  plans  involve  the  construction  of 
three  reinforced  concrete  caissons  in  the  middle  of  the  estu- 
ary, together  70  meters  wide.  The  largest,  in  the  center,  will 
contain  the  turbines;  its  bottom  will  be  13.20  meters  below- 
standard  water-level,  and  its  top  12. SO  meters  above,  or  4.30 
meters  higher  than  the  level  of  spring  tides.  Flanking  this 
caisson  on  each  side  will  he  two  smaller  ones,  to  contain 
sluices.  The  caissons  will  be  connected  to  each  shore  by 
masonry  walls,  giving  the  barrage  a  total  width  of  about  150 
meters.  A  lock  will  permit  the  passage  of  ships.  The  tur- 
bines installed  in  the  central  caisson  will  be  of  the  Escher 
Wyss  type,  designed  to  generate  while  running  in  either  direc- 
tion, to  block  the  passage  completely  or  act  as  sluices,  and 
to  operate  as  pumps.  On  a  rising  tide  the  water  will  flow 
from  the  sea  into  the  inner  basin  through  the  turbines,  and 
when  the  level  of  the  water  is  the  same  on  both  sides  of  the 
barrage,  the  turbines  will  be  stopped,  until  with  the  ebbing 
tide  the  level  of  the  sea  falls  sufficiently  to  enable  them  to 
b  ■  operated  again  with  the  water  from  the  basin.  In  addi- 
tion there  will  be  a  second  reservoir,  constructed  on  the 
Diouris  just  above  the  limit  of  the  tidal  range,  to  feed  a  sec- 
ond generating  station.  It  is  estimated  that  the  tidal  tur- 
bines will  supply  about  7,900,000  kw.  hours,  of  which  the  in- 
dustrial load  will  absorb  5,500.000  kw.  hours.  The  surplus 
will  he  employed  in  pumping  water  into  the  upper  reservoir, 
the  station  in  connection  with  which  will  furnish  3,900,000 
kw.  hours. 
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nlj    too  often   reminded    bj    Inquest 

urea  In   town  sewers  and   sewage  worl 
[ways  adequate,  and   it   is  the  author's   hope   thai    this 

» isnm    in    11 

■  i  men  Inspect  rking  In  public  Bewers 

In  industrial  areas  the  universal   usi    ol  petrol  and   othei 

kindred  fuels  Ims  placed  the  once  common  practice  of  testing 

•  nt r>   with  .i  naked  light  on  the  same  foot- 

the  undesirable  practice  of  locatini  with  a 

lighted  candle. 

principal   dangers   which   are   present    In   all   confined 
■•  ige  decomposes  ar<       (1)  Poisoning  by  sul- 
phuretted hydrogen;    (2)  suffocation  through  lacl 
oltloi         nflammable  gi 

Poisoning. — The  author  regards  th<  le  most 

iiit  for  the  following  reasons      (a)   it  is  fatal  in  quite 

small  quantities;  (b)  the  Ill-effects  from  non-fatal  small  doses 

ifetj  lamp  will  burn  In  a  fatal  mixtui e 

and   atmospheric   air,   although    it 

usually  accompanied  by  a  reduction  in  the  quantity  of  o 

Fortunately  the  presence  of  sulphuretted  hydrogen  is  read- 
by  means  of  lead  acetate  papers      These  papers 
commercial  commodity,  and  ma  n  based  in  small 

form   "t   an)    wholi  maj    be    made   by 

ng  slip-  of   white  blotting   paper   In   a  solution   of  lead 
acetate. 
Tin'  test  fi  i-  ill-  i  d  hydrogen  simply 

its  in  lowering  one  of  thi  d-papers  into 

mhole  nr  mi.1  bamber  it  is  proposed  to  enter, 

It'  the  lead-paper  darkens  withir.  a  minute  sulphuretted  hydro- 
■i:i  quantities. 

Thi-   primary  cause  of  this   danger   is   lack   of   ventilation. 
The  oxygen  normally  present   in   tie-  atmosphere  above  the 
reduced  by  absorption  as  the  result  of  bio-chemical 
changes  in  the  sewage,  ami    i     further   reduced   by  dilution 
:i  during  this  change. 
In  manufacturing  areas  an  additional  dilution  is  often  caused 
"f  trade  wastes  containing  ammonia     icid 
team. 
If  a  1  tj   lamp  will  not  burn  lor  two  minutes  when 

lowered   into  a   manhole,  it  should  he  assumed  that    BUfl 

spiration. 

Ignition   of    Inflammable   gases. —  In   addition   to   marsh   gas 

(methane)  ami  hydrogen,  which  are  evolved  during  bio-chem- 

'        becoming  increasingly  frequent 

to  tind  petrol,  benzol,  mineral  naphtha  and  other  inflammable 

vapors  present   in   -■ 

In  view  of  the  commercial  value  of  these  spirits  it  is  prob- 

il.le  that   their  presence   may   le  more  due  to  accidental   than 

wilful  discharge,  but  the  here  is  a  growing 

which    should    be    checked    and    guarded    against     il 

■   oppot    mity. 

The  oi    Inflammable   gases    may   be   detected   by 

detector"  type  of  safety-lamp,  as  used   in  coal 

■  •    fitted    witli    thin    wires    forming    a 

flame,  ami  the  test  consist 

Ing    if   any   of  the   wires   become   red    hot,    and    thus   indicating 
that,  gas  of  this  nature  is  present.     A   highly-explosive   mix 

■  'I    w  hen   marsh  gi  portion 
oi   1   volume  of  gas  to  7  volumes  of  air. 

Sequence   of  Tests. — It   Is,  of  course,   essential    that   these 
rried  out  in  their  correct  sequence,  and  it 
may  be  helpful  to  state  briefly  hi  'me  to  be  observed 

I  Dterlng  any  manhole 

i     Test    for   sulphuretted    hydrogen    with    lead-paper,     if 

'inn    a    mil.-,  from     poisoning    is 

Indira- 

L-.    if  No.  i  test  gives  no  darkening,  lower  a  ii. 


lamp  into  the  manhole  for  two  minutes,  and  if  still  alight  it 

is  sale  lor  a  man  tl  tnd  carry  out  test   No.  :;. 

or  wit h  "detector"  Batety  lamp 

'Tin-  tj  !"■  oi  lamp  ed  tor  \,>.  .  test,  i 

king  and  thi  Iced  lights  should  he  absolutelj 

toi  bidden,  even  aft  resull  in he  third  ti    i 

Tii,-  foregoing  dangers  are  to  he  met  with  In  all  non-manu- 
facturing   towns,    and    with    additional    dangei    tr trades 

n  manufai  turi 

Trades      Wastes.     Gaseous     trades     wastes    include    steam. 

ammonia,  petrol  and  I   In  the  various  processes 

inufacturing    coal-gas.     With    the    exception   ol    carbon 
monoxide,  which  is  extremel)    dangi 

i  a  considerable  amount  of  protection  from 

the  usual  ^ases  evolved  from  tradei    wastes.     Fortunati 
alj   "el   with  in  Bewers,  but   the  author  would   bi 
i"  learn  "i  a     Imple  reactlonarj   ti    i   which   would  afford  the 

b int  of  protectiot  ulphuretted 

hydrogen  bj   test  No.  1, 

General    Precautions.     The  author   does  not    propose 

'iiiMi.il    m   general  use.  as 
it  is  oi>\  lous  that  local  ■  ivern  Ing  factor  in 

in.   hill    it    may    he  helpful   to    mention   a    few 

iy    general                                 In  the    first                        urvey 

lor  lie-   location   ol  i                       ■  '.   out. 

This    i      no!    a    formidable    opei  '     in    a    large    town, 

and    may    he    done    by    carry  n-  NOB.    1.    -    and     '.    in 

selected  areas 
it   win  generally  he  found  that  junctions  of  high  and  low 

level     sewers,    man  lack     drops."     storage 

ami  tanks  in  pumping  areas  are  localities  which  should 
be  si  puri 

Winn    it  is  not  practicable  to  remove  the  danger  bj    Im 

proved  ventilation  or  constructional  alteration,  a  means  of 
marking  dangerous  manholes  should  be  adopted.  This  may 
lake  the  form  of  a  metal  disc  fixed  to  the  underside  of  the 
manhole  frame  and  visible  when  the  cover  is  removed. 

Opportunities   BhOUld  be   made   to   explain 
to   tin     man    actually   engaged    en    -ewer    work.      This    can    be 
done  best   by  actual  dim  of  the  routine  to  be  fol- 

lowed. SafetJ  lamps,  lead-papers  and  safety  linos  should  be 
in  the  personal  chat  ewer  ganger  or  charge  hand. 

and  should  be  checked  and  inspected  at  frequent  intervals. 

red  storage  tanks,  pump-wells  and  large  underground 
chambers  should  he  provided  Mill  at  least  two  access  open 
itms.    Hi  of  which    should    he   removed   half  an    hour 

before  cleansing  or  repair  work  commences.  The  necessity 
of  having  easy  means  of  aci  <  s  cannot  be  too  strongly  urged. 
Far  too   many   manholi  d    of   modern   design,   are   only 

usable  by   a   small-size  acrobat. 

It  should  he  borne  in  mind  that  the  disturbance  of  sludge 
when  cleansing  a  tank  or  pump-well  frequently  releases 
quantities  of  gas  I  principally  marsh  gas),  and  it  is  advisable 
to  watch  for  indications  ol  ibis  gas  in  the  "detector"  safety- 
lamp. 

The  move nt  of  ga  es  from  other  parts  of  the  sewer  to 

a    manhole    which    has    ben    ti     I'd    and    found    ft if    gas 

Iger,  which  may  he  partially  guarded  a 
by  opening  manhole  covers  on  each  side  of  the  one  in   which 
it    is   desired    to  work.     This   precaution    should    invaria' 
taken   if  it    is   intended   to   spend    more   than   a    bu    minutes   in 
a    manhole. 

'iii''  cause;  of  mis  movement  are;  Fluctuation  in  sewage 
flow,  diffusion,  barometric  and  temperature  changes,  pro- 
pul  am  of  suction  from  ventilators,  temporarj  removal  of 
manhole    covers,   and   the   inlln  friction    from 

flow  ing    sew  .i 

It  is  usual  nowadays  to  provide  "lirst-aid"  outfits  on  sewage 
works  and  at  highways  depots  \  valuable  addition  to  these 
outfits  is  an  oxygen  cylinder  fitted  with  respiration  mouth- 
piece and  rubber-tubing,  The  cylinder  should  be  provided 
with  a  pressure-gauge  in  order  that  leakages  may  be  noticed 
and   checked. 

lu  conclusion,  the  author  would  urge  that  the  two  most 
valuable  safeguards  are  the  design  of  sewers  which  are  self- 
cleansing  under  normal  flow,  free  from  "back-drops,"  blgh- 
levi'l    junctions,    "lumbin:  catch-pits,    and    such-like 

stink  generating  devices;  ami.  secondly,  the  regular  inspec- 
tion of  works  discharging  trades  wastes  Into  sewers  with  a 
\iew  to  enforcing  the  provision  of  suitable  arrangements  for 
continuous  discharge  and  dilution  of  liquid  wastes,  and  the 
prevention  of  gaseous  discharges. 
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The  Stresses  in  Rigid   Portal  Frames 

By    EWART    S     WiM;   . 

With  ili"  development  ol  reinforced  coni     ;     construction 
the   question   of  stresses   in   rigid   frames   becom 
importance    to   designers,    particularly    in    vie*    of   thi 
that  experimental   researches  have  shown  thai   considerable 
bending  moments  do  occur  in  the  columns  as 
by  the  theoretical  treatment 

Most  designers  have  now  become  familiar  with  the  Th< 
of  Three    Moments   tor  dealing  with  continuous  beams,   but 


Fig.    1. 
find  some  difficulty  in  following  the  usual  method  of  investi- 
gating  the   bending   moments   in   rigid    frames. 

We  propose  to  show  that  the  simplest  form  of  rigid  frame, 
which  is  known  as  the  rigid  portal  frame  or  "goal-post" 
ture.  can  be  investigated  by  an  application  of  the  Th< 
of  Three  Moments,  the  three  members  of  the  structure 

imagined  as  opened  out  into  a  straight  line  forming  i 

tinuous   beam   of   three   spans. 

For   this    purpose   we   have   first   to   express    the    Theorem 
of  Three  Moments  in  a  form  which  allows  for  diffen  n 
ments  of  inertia  of  the  separate  spans. 

Eli  (erring  to  Fig.  1,  the  Theorem  in  its  general  form  gives 
the  following  relation  between  the  support  bending-moments, 
B„  B,  and    B    for   three  supports    1.    -    and    !>   Of   a 

continuous    beam,    viz.: 

BJ,  ,1,        1\        B  1  A,  J  A 

2B.(  —  --- 6J 

I,  I.        U         I 

....     (1) 
In  this   equation 
1„  1.  are  the  lengths  of  the  successive  spans; 
I  .  I,  are  the  moments  of  inertia  of  the  beam  sections  of 

the  successive  spans; 
A,,  A;  are  the  areas  of  the  "Free  bendingmoment"   dia- 
grams on  the  successive  spans: 

ire  the  distances  of  the  centroids  of  these  diagrams 
from  the  verticals  through  the  end  supports. 

Frame  with  Uniform  Load;  Columns  Hinged. —  (Fig.  2). 
Let  I&  be  the  moment  of  inertia  of  the  beam  section  and  Ic 
that  of  the  column  section;  and  let  1  I  e  the  length  of  the 
beam  and   h  the  height  of  the  column 


B   1                 A    \             A    >      . 
_)  +  _        =6 + ) 
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Then  the  frame  is  equivalent  to  a  continuous  beam  of  three 
spans,  the  center  one  of  which  is  loaded  with  a  uniformly 
distributed   load   W. 

The  extreme  ends  A,  A'  are  hinged  so  that  Ba  =  B,,1  =  0. 

Further,  it  is  clear  from  symmetry  that  B&  =  B&1. 

Xow  apply  the  Theorem  of  Three  Moments  to  the  spans 
of  A  B,  B  B'.  remembering  that  because  there  is  no  load  on 
A  B  the  value  of  A,  will  be  zero,  and  that  A,  will  be  equal  to 


\V1                                   2  Wl 
the  area  ol  a  parabola  ol  ind  base  1.  i.e.. XI 

8 
w  I  l 

=  — .  v  being  equal  to  — 
L2  2 

We  then  obtain  the  following  result: 

h         1  \        BJ  ,  Wl-'       1       \ 

BJ     -  +  _)  + =  6    0  + . 

l  h  h  12      2 

l.e    B      31      l'Ii         Wl 
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Bi, 
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3  +  -.- 

,          2h    I,, 
(3  +  — .- 
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4 
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h 

6. 

h 

1,- 

Now 

— . 
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and  is  commonly  ci 

lied 

I 

1 

1 

b 

coefficient. 

anil 

given  the  symbol  s 

\\ e  therefore 

have: 

Wl 

B„ 

: 
i.e.    r. 

t 

Wl 

12) 

4  (2s +  3) 

This  agrees  with  the  result  obtained  by  considering  the 
problem    from    different   stand]  10 

The  resulting  B.M.  diagram  upon  the  structure  then  comes 
as   shown  on  Fig.  2. 

Frame  with  Uniform  Load:  Columns  Fixed. — (Fig.  3.) — 
Xow  suppose  that  the  columns  are  fixed  at  their  ends.  The 
procedure  with  continuous  beams  with  fixed  ends  is  to 
imagine   to   exist    beyond   the   fixed   end   an   additional   span 


Fig.   3. 
which    is   a   mirror   reflection  of  the   end   span,   and   to   apply 
the  Theorem  of  Three   Moments   to   the  end   span   and   this 
imaginary  additional  span. 

In  our  case  this  imaginary   span   is  AD,  and   B,j   must   be 
equal  to  Bt,. 

Xow  apply  the  Theorem  to  the  spans  DA.  AB.  remember- 
ing that  there  is  no  load  on  AB;   we  then  have: 
B,,.  h  h        h  ,        B;,.  h 

+2  B„  (—  +  -]  +  -      =0  +  0 

Ic  I  Ic/  Ic 

i.e.  Bb  +  4  Ba  +  B3  =  0 
i.e.   4B0  =  -2B6 
B„ 

or    B„    = (3) 

2 
Next  apply  the  Theorem  to  spans  AB,  BB1;   this  gives: 
B„ .  h  i  h        1  \        Ba .  1        Wl     1 

+  2  B0  (—  +  —  )  + = .— 

Ic  \lc       V  h  -1      U 

1  —Bo 


dividing  through  bv  —  and  remembering  that  Ba 

/       s  \       Wl 

B„( +  2s  +  3  J  = 
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am  is  ;i>  sbown  <<n  Fig    3     There  i te 

resting   points  to  note   In   connection   with 

In  the  first  place  the  point  ol  conti  the  columns 

in  the  second  case  Is  .it  two-thirds  of  their  ii «-i *i i< t  From  their 

I  the  columns  ol  case  (21  bad  been  treated  as  binged 

columns  of  two-thirds  of  their  actual  height,  we  should  obtain 

result  from  formula   c'i   as  from  formula   (4). 

Moreover,  in  the  limiting  case  in   which  the  column 

.mis.  s  approaches  zero 
\vi 
hes  the   value  which   is  the  familiar  result 

12 
for  a  beam  absolute!;  Sxed  at   the  ends;    In  all  othei 

.   the  ends  of  the  columns  is  to  Increase  the 
maximum  bending  moments  upon  th<  m 


Activated    Sludge    Plant    Operations 
at  Manchester,  England 

The  operation  of  the  large-scale  continuous  flow  unit  tor 
the  treatment  ol  sewage  by  the  activated  sludge  process. 
which  was  brought  Into  operation  In  1917,  and  which  occupies 
one-third  of  the  sedimentation  tank  area  at  the  Withingtmi 
works  is  among  the  matters  dealt  with  in  the  report  of  the 
Manchester  Rivers  Department  for  the  rear  ended  March 
31,   1921. 

During  the  period  referred  to  a  total  volume  of  63.793,000 
gal.  of  sewage,  which  had  heen  screened  and  passed  ti 
detritus  tanks,  whose  capacity  is  equal  to  approximately  10 
minutes  D.  \V.  P.,  was  treated  in  this  plant.  The  plain  was 
out  of  <  i  mmission  from  Jan.  20  to  March  14  hy  reason  of  the 
lack  ol  compressed  air  consequent  on  the  work  of  conversion 
trom  steam  to  electric  power.  Up  to  the  former  date,  the 
plant  bad  dealt  with  02,624, 000  gal.  of  sewage  at  the  average 
rate  of  241,000  gal.  per  day  actually  in  operation.  For  se\ 
eral  months  prior  to  the  shutting  down  of  the  plant  the  quan- 
tity of  sewage  dealt  with  was  limited  on  account  of  a  re- 
•1  air  supply  in  consequence  of  the  shortage  of  and 
low  calorific  value  of  the  refuse  burnt  in  the  destructor,  par- 
ticularly during  the  coal  strike  in  October.  The  average 
analytical   returns   are   as   follows: 

SULTS    IX    Gl  GALLON. 

i  letrltus-free        Efflui  nt 

Four  hi  ,49 

pt  Ion — 

.93  .21 

...  2o 

Putr.  

■conia 2  10 

.12 

•■'■I  ....  02 

ms  of  NH,1         ....  ,53 

• 
....  1  00 
21! 

1   |0 

.    to   the   occasional   dif- 
ficulty which  has  been  experienced  In  the  efficient  settlement 
Bludge,   dm  ation    In   the 

el   i    oi   t]M.  Bludge,  which  at   lnfr< 

I    in  bulk  to  an  abl 
■•  ntion  has  been  paid  to  1 

ade  uucier  t 

amples 
of  sludge,  tend  to  confli  ously  expressed  opinion 

■  is   abnormal    condition    I  >hi>-    prims 

ppear  thai  s  low  air  Buppl; 
1  j. eric, <i  brines  about  coi  i  arising 

■  he  Incomplete  activation  of  fr< 

th   of  the   higher  organisms.     Considerable 

'    !    "St<  ntor"   have   been    found    in 

•  n  in  this  abnormal  condition. 


,  tie   opportunity 
was  taken  i  ng  the  aeration  chamber.    On 

i       'i  users,  u  be  h  had  been  In  continuous 
'ion   foi      '..   years,  were   In  a   satisfactory  condition,  and   || 
tot   found  necessary  to  renew   anj    bj    reason  ol   Indii 
ferenl   diffu  Ion,     No  evidence   has  been  obtained   up  to  the 

I  ''•  sent    Of    any    material  n    oi    He 

i iic-s  show  Ing  no  apprei  lable  li  i 

Davyhulme   Works    Results.     The    following    is   a    sun 
results  obtained  at  thi    Davyhulme  » 
Total  Bow  ol 

Maui     OUtrall.  .  18,51  ' 
Point  8,270.1 

Total 


=  £1     13s.  '.'  Id.  per  million  gal. 

rotal    Vi  r..i 

(prlmarj  contact  beds  and 



■  i  .    total  Ben  - 

Total  volume  filtered 

beds   

.hi  ol  i he  i" 

Mane. 

Renewals,    £29.332     13e    5d 
Total.      Malntenam 
E    ■•'*•*    8.      d.        t 

Hew      2     4  • .  .;       l      u     7  ci 

llion  gallons  filtered i     3     10  5       I 

iT  \i.  re\  i:m  i:  Ci  • 
(Apai  I  i  .  barges  and  r<  pas  mi  at  ol  di  bl    and  ■  i 

ei   sum  "i   El, 515,  the  expenditure  during  the  year  on 
the  activated  sludge  plant). 

million 
gallons. 
£     B.        .1 

Slide,,  disposal    i     i 

on      • 2      i      ;  | 

General  •     pensi         i       i     n.3 

£4     19     10.8 
\\  ERAGE  COST  PER   H  PO  KM 

For  year  ending  March  30.  1921 >  \,i 

For  ]fi  years  ending  March  30,  K'2l 

RESULTS   '  IP   ti;i:  \TMKNT. 
(Expressed   in   grains   per   gallon.) 
Four  houi  absorption — 

Rav  6  :i 

Areragi    effluent,  including  unfUtered  tank  effluent 

Pei  ,    i  ".a r.i 

Ubumli I   ammonia — 

Raw    sewage 76 

Average  effluent,  including    u      I  ered   tank  effluent 

Per  '•  in    purification 

Research  Work. — The  resean  b  work  undertaken  during  the 

year  has  Inch,  as  formerly,  almost  entirely  concerned  with 
matters  arising  out  of  the  development  of  the  activated  sludge 
process. 

The  investigation  of  the  nitrogen  content  of  the  Bludge, 
referred  to  in  the  last  report,  bas  been  brought  to  a  con- 
clusion. 

Determinations  were  carried   out    cm   an   experimental 
in  the  laboratory  at  Davyhulme  and  on  the  working  scale  at 
v.  ithington. 

It    became    evident    during    the     Investigation    that    both 
methods    have    serious    limitations,   and    thai    tin 
tained  must  be  accepted  with  some  reserve,     it  should,  how- 
ever, be  stated  that  several   separate  series  of  experiments 

were  ma  li  tot  pi  riods  varying  rrom  seven  to  fourteen  days 
each,   and   the  result      quotei  In   the  case 

of  the  Davyhulme  experiments  of  ~.  and  of  the  Withington 
5  determinations. 
The  laboratory  scale  experiments  at   Davyhulme  were  car- 
i  i.  d  out  on  the  "till  and  draw"  tystem,  the  quantity  of  sewage 
treated  varying  froi  as  found  that  there 

.  ach  case  a  loss  of  nitrogen,  due.  probably,  to  denltrifl- 
m  |ng  the  sen  i.  in.  in   pel  lod, 
tin   the  average.  17   per  cent   ol    the  total   nitrogen   of  the 
recovered  in  the  resultant  sludge,  or.  If  calculated 
on  the  organic   nitrogen  ol   the    towage,   the  proportion  re> 
■  e\  ered  »  as  59  i >■  ■  i-  i  enl 
The  Withington  experiment    were  made  on  the  contlnuous- 

llc.w    tank    in    cqieratic.ii    at    llmse    works,    and    extended    over   I 

i;  lit      i  '.ireful  measure- 
m.  ms  ..I     .  wage  How  ami  Bludge  were  made,  and  the  sewage 

and    effluents    analyzed.      On     the    average.    2,677,000    gal.    of 

treated  durini    an    xperlment,    A  wide  variation 
in  result  was  obtained,  the  av<  rage  showing  that  28  per  cent 

Ol    Ho     total    nitrogen,   or  72   per   cent    ,,f  the  organic  nitrogen, 

ol  tin   Bewage  was  recovered  In  the  resultant  sludge 
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Filter-Pressing  Experiments.     With  i.  to  th<    treatment 

jludge  by  pressing,  particul  n  has  been  given 

to  (a)  type  of  filter  cloth,  (In  sundrj   mechanical  alterations 
— e.  g..  use  of  perforated  plates,  (c)  thickness  of  cake. 

The  results  so  far  obtained  show  (a)  that  for  a  sludg. 
as  that  obtained  at  the  Withington  works,  a  strong  cotton 
twill  cloth  of  fairly  close  texture  is  preferable  to  either  open 
texture  cotton  cloth  or  Jute  cloths  of  any  type,  (b)  that  per- 
forated plates  of  the  type  used  wore  of  no  material  advantage, 
1 1- 1  that  when  provision  is  made  for  the  pressing  of  the  sludge 
in  thin  cakes  an  improved  product  is  obtainable. 

Whilst  the  press  trials  have  not   yel   produced  the  results 
desired,   sufficient    progress  has  been   made    to   demon 
that   a   superior  product  can  be  obtained  In    means  ol    Biter 
Og  than  by  any  machine  of  the  centril  led  at 

the  Withington   works. 

Vacuum    Treatment. — Following   on   the   lines    Of   the    work 
of  Howarth,  at  Sheffield,  a  preliminary   in,  of  this 

method  of  attacking  the  problem  of  dewaterlng  the  sludge 
tug  from  the  application  of  the  activated  sludge  process 
to  the  purification  of  sewage  has  been  undertaken.  The  re- 
sults so  far  obtained  are  sufficiently  encouraging  to  warrant 
further  consideration,  and  consequently  it  is  proposed  to 
transfer  the  work  on  to  practically  a  working  scale  by  utiliz- 
ing, With  the  consent  and  collaboration  of  the  Education  Com- 
mittee, certain  machinery  at  the  Main  luster  College  of  Tech- 
nology. The  necessary  alterations  to  such  plant  are  in  hand. 
and  it  is  hoped,  very  shortly,  that  it  will  be  possible  to  make 
effective  progress   in  this  direction. 

Agricultural   Value   of  Sludge.     The   following    trials   0 
resultant  dried  sludge  from  the  Withington  activated   sludge 
plant  are  of  interest  in  confirming  the  belief  that  the  nitrogen 
present  in  activated  sludge  is  in  a  form  readily  available  for 
plant  nutrition: 
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In  conclusion  it  is  stated  that  the  results  so  far  obtained 
from  the  operation  of  the  large-scale  continuous-flow  acti- 
vated sludge  plant  are  such  as  to  encourage  the  hope  that  the 
process  may  be  applied  successfully  and  economically  to  the 
purification  of  the  city  sewage  in  any  future  extension  of  the 
existing  plant. 


Heating  Small  Public  Swimming  Tanks.  In  the  pavilions 
on  most  football  grounds  it  is  now  the  common  practice  to 
build  a  bath  of  white  glazed  bricks  sufficiently  large  to  ac- 
commodate a  team  of  players  at  once  after  play.  Its  capacity 
may  be  anything  up  to  800  gal.,  and  the  problem  has  been 
how  to  warm  the  water  quickly  and  economically  A  plan 
that  has  been  adopted  with  success  was  to  install  a  hot  water 
apparatus  of  boiler  and  tank,  of  which  the  following  are  the 
special  details.  The  tank  was  500-gal.  capacity,  and  the  con- 
tents were  heated  to  143  to  150:  F.  to  allow  cold  water  be- 
ing added.  The  boiler  was  small,  but  plenty  of  time  was  al- 
lowed on  match  days  to  heat  the  water.  The  heat  losses  were 
carefully  considered,  the  tank  being  covered  with  2  in.  of 
plastic  non-conducting  material.  The  circulating  pipes  were 
ll,  in.  and  were  also  covered.  The  hot  draw-oft  pipe  was  2 
in.,  fitted  with  a  2-in.  fullway  valve,  while  the  cold  delivery 
pipe  was  1J2  in.  The  two  pipes  joined  just  before  entering 
the  bath,  with  a  2l2-in.  outlet  delivering  mixed  water,  which 
had  tc  be  tested  by  the  attendant  with  a  thermometer.  This 
ensured  rapid  filling,  with  a  minimum  of  heat  losses.  It  is 
worth  recording  that  the  mixed  water  flowing  into  the  bath 
had  to  be  at  about  120°  F.  to  allow  for  cooling  effect  of  the 
bath_  itself. — From  the  Ironmonger,   London. 
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Labor  Saving  Machines  for  Railway 
Construction  and  Maintenance 

Bj    X.  M.  CLOUGHER. 
From  The  1 
It   is  perhaps  unwise  to  take  a  too  advanced  view  of  what 
may  be  accomplished  bj    mechanical  ni  way 

work,  but  there  is  little  doubt  that  during  tie-  nexi  tow  years 
machines   thai    will   help   m   everj    daj    track    work   will   he- 
come  tin   integral   part   of  Ho    equipment.     As  traffic  require- 
ments  become  more   Btringent,   greater  demands  are  placed 
upon  io;  .i  bt  d  and  tun  k,  ami  this  bads  to  the  development  of 
now   methods  to  augment  those  already  existing. 
The  electricity  for  the  various  machines  that  will  later  bo 
bed  is  generated  by   movable  electric  generating  sets. 
The  current  is  supplied  from  a  small  petrol  electric  gi 
om  .-.oi   that   moves    ilong  Hie  line  with  the  machine  and  may 
ii   the  raiis.  or  else  supplied  by  a  large  gen- 
.vhich  is  operated  with  petrol,  paraffin,  or  steam, 
ami  which  generating  sot  will  give  sufficient  current  to  work 
various    machines   at    the    same    time      in    this    latter   cast 


Electro- Mechanical    Tamping     Machines    Working    on    Great 
Eastern   Ry. 

movable  trolley  wires  are  extended  along  the  line,  the  power 
being  generated  at  some  point  about  halfway  along  the  length 
of  the  wires  and  just  off  the  track.  By  an  ingenious  device 
the  large  generator  may  be  moved  off  the  rails  and  put  into 
position  beside  the  line  in  five  minute6.  It  is  also  supplied 
with  road  wheels  for  use  when  necessary. 

A  practice  now  being  Increasingly  adopted  is  that  of  using 
the  small  generator  off  the  track  in  a  similar  method  to  the 
large  generator,  using  likewise  the  trolley  wires  from  which 
the  individual  machines  are  fed.  This  is  found  to  be  of  con- 
siderable assistance  when  clearing  the  track  of  machines  for 
the  passage  of  trains.  All  the  machines  mentioned  for  use 
along  the  line,  with  the  exception  of  the  large  generating  set. 
may  be  removed  from  the  track  in  about  one  minute. 

The  results  achieved  are  the  outcome  of  many  years  of 
study,  and  it  may  be  noted  that  the  machines  proved  of  con- 
siderable assistance  to  both  the  British  and  French  Armies  in 
France  in  connection  with  military  railways.  Up  to  the 
end  of  1918  the  mechanical  system  had  been  used  on  3,280 
miles  of  line  and  2,350,000  ties  had  been  worked  on  inde- 
pendently. Between  July,  1920,  and  August,  1921,  more 
than  a  quarter  of  a  million  ties  were  dealt  with  for  one  Brit- 
ish railway  alone.  Until  recently  very  little  work  was  done 
outside  France,  but  much  was  being  accomplished  in  that 
country.  From  Jan.  1.  lull,  to  the  outbreak  of  war,  seven 
months.  2.1  sets  of  machines  were  working  simultaneously  on 
the  P.  L.  M..  State.  Metropolitan,  Eastern,  and  Paris-Orleans 
Railways,  besides  the  work  in  Spain,  Italy.  Algeria,  and  Asia 
Minor. 

The  system  has  been  used  in  the  building  of  lines  under 
the  French  Government  in  the  French  Zone  in  Morocco. 
where  native  labor  was  employed.  A  very  interesting  article 
by  M.  Cartault,  Chief  Engineer  of  the  P.  L.  M..  appeared  in 
flu  May.  1921.  issue  of  the  Bulletin  of  the  Internationa!  Rail- 
way Association.  In  this  article  he  points  out  that  up  to 
Jan.  1.  1921.  this  system  of  Mechanical  Railway  Construction 

!1) 
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and  Mail  i  on  d<  arty  2,( miles  ol  line 

on  the  P.  1..  M.  railway  alone. 

Rail   Renewing.     The  chief  aim  ol   Methodical   Mechanical 

■    to  relay  the  track  very   quickly,  aw 

<.ih11>.  to  have  only  a  »erj  short  Bpaci  ol  line  between  the  mi- 

!  trai  k  and  thai  which  is  complete!}  finished,  ready  tor 

normal  trafDc  at  normal  speeds.    The  space 

rallj   only  a  few   rail  lengths, 

trai  iv  Is  touched  the  new   rails  and  ties  ai 
ng    the    line,    the   ballast    is   then    removed 
the  ties  and  with  the  aid  ol  tl  and  boring 

machii  rack   is  -,,,  q  taken  up  and  r< 

t     The  packing  mat  hinea  immediati 
iperation.    it  is  w  Ith  the  assists  i 
i  erated  machines  thai  it  is  po 
the  work  rapidly,  and  completely,  so  as  to  inter- 
sihle  with  traffic 
Methodical  Revision.- A  system  now  being  adopted  on  an 
extensive  basis  is  Mechanical  Methodical  Revision.    This  is 


Electro- Mechar 


Working     in     Conjunction     with 
les  on   Great   Eastern    Ry. 


i   out  on  main  and  secondary  lines  from  every   two  to 
five  years,  according  to  their  importanci      The  system  con- 
in   removing  the   ballast    From  around  the  ends  of  the 
about   y  in    inside  the  rails,  to  see  if  the  tie  is  in  a 
condition  to  require  renewing,     tmmi  this  opera- 

.'.  ing  machini    is  moved  along  the  line,  and  this 
rewhead  to  ascertain  thai  the  screw   is  holding. 
If.  however,  it  rotates  in  the  hole,  the  machine  is  reversed 
and  tit'  with  the  other  screws  in  the  tie,  re 

r!i.  tie  is  then  changed,  or  else  the  holes  are  plugged 
and.  after  the  position  oi   the  chairs  on  the  tie  lias  been  al- 
lightly,  new  holes  are  bored  with  the  boring  machine 
which  follows  Immediate!}  after,  and  next  the  screws  are  put 
down  iii  the  new  holes  bv  the  second  screwing  machine  which 
follow-  the  boring  machine.     The  work  is  quickly  carried  out, 
and  it  is  possible  to  go  over  a  line  thoroughly  in  this  manner 
iort  time,  with  the  assurance  that  the  track  is  left  in 
id  condition. 
Tamping,     with  regard  to  tamping,  many  consider  that  this 
can    r<  arried    oul    by   anyone    supplied    witb    the 

requis  oi   tamping-bar,  but    experience    shows   that 

this  i-  not  tbi   case     it  is  undoubtedly  ol  great  advanl 
introduce  a   system  of  tamping   thai    will   render  it   uniform 
along  the  line  as  from   oni    tie   to  anothei    and   will  at   the 
time  cause  tamping  as  ca  bj   different   men  to 

I  ird   result. 

while  the  roadbed   ultimately  obtained   in  this  country   is 

of  a  very  high  standard,  then  loss  of  both 

ind  money  due  to  the  period  that  mi  •  fore  a 
newly  packed  road    settles  down.    Any  method  oi  matt 

this  time  would  therefore  redui  I  "f  tins 

important    part    ol                     ill     way     work  \    satisfactorily 
.   is   usual!] 

many    trains.      The    ballast    beneath    the    ti.     Is    hard,    and    in 
many  cases  almost  like  concrete,  the  mass  being  very  highly 
m  bet u..,-u  the  pii ' 
fllled    up   and    form    approximately    a    solid    mass, 
witb  :  hand-tamping;  one  cannot  expeel  to  achieve 

this  r.  Ithongh  the  Intermittent  blows  of  the 

beater  will  put  tie  bt,  yet 


unless  the  blows  are  Bufflcientl                      break  the  ballast 
-■    bound  to  be  lefl   i"  I w  een  the  lai  ol  ma- 
lt is  [or  the  filling  up  ol  tht                      I  has  to 

ii   ti.'    settling  ol   l  il  the  ballast 

the  passage  ol  many  trams,    this  consolidating  of  the 

'id   filling   up  of  air  spaces  also  causei    tht     111  I    to  sink. 

If,  instead  ol  the  Intermittent  blows  ol  the  beater,  a 
oi  blows,  so  rapid  th.it  ^  vlbratii  n  Is  sei  up  I   then 

the  pit  ces  oi  ballast  mm .  ..,,,. 

behind  to  cans.-  the  smaller  piecei  to  Bow  Into  the  spaces 
betw ecu  tie    larger  lumps  ol   slag  or  stone 

The    assistance    ol    vibration    Is,    lie  uiial    to    the 

early  completion  ol  a  well  packed  line,  incidentally,  vibra- 
tion   in    itself,    without    tie  ,i,-d    blows,    is    n.,i 

sufficient  to  render  the  ba  acl      The  blow   Is  • 

tial.  but  the  contention  is  thai  the  blow  does  nol  become  of- 

unb  sS  n   \  ibration   is   set    up   to  .incut 

oi   the   I'.iihist    that   the  temporary    Increasing   ol  spaci 
i  ces  ol  stone  allow  b  in     mallei  pari  Ides  to  be  : 

through  the  narrow  opening,  and   so   till   up  bi  him!. 

It  is,  ti  esirable  to  us.,  a   machine,  and  expei 

own  thai  it  is  essential  i  ivy  machine.    This 

weigh!  musl  be  mechanically  upported,  bul  In  Buch  a  way 
that  il  is  available  in  connection  with  the  blows.  The  ma- 
oould  be  directed  by  tht  workt  r,  though  being  ol  such 
dl  that  he  could  nol  support  il  The  method  ol  taking 
the  weight  is  ol  Importance,  and  one  scheme  thai  has  been 
used  successfully  under  vai  for  man}  >• 

to  sui  i  mall  light  trolley,  which  read- 

ily  iin  1  as   work    prog]  ind    is   moved 

oif  th-  i Ion  may  be  raised  to  I ' 

of  i He}    ""  the  line,  but  it  must  remain  tor  the  railway 

i  .    di ii  idi     'i.  I  \  antagi  s   ol   a    solidly 

I   line  do  nol    warrant   an 

use  of  a  readily  removable  trolley  supporl  tor  a  heavy  type 

of  packing  machine,     a  questii  may  reasonably  be 

■  ii    in   connection   w  Ith  '  ing   is  thai 

whether   packing   to  dit}     will    not    tend    to    lift    the 

track.  The  author  know  ol  <•  •  n  tance  where  the  track 
has    been    lifted   through    electi  cal   packing,   though 

the  matter  has  been  tested  many  times.  It  should  not,  how- 
ever,  be  assumed  that  If  a  battery  of  machines  was  put  into 
operation  definitely  with  the  idea  of  lifting  a  track,  and  ade- 
quate precautions  were  taken  to  prevent  ovei  packed  ballast 
from  oozing  out  from  beneath  the  ends  of  the  sleepers,  that 
one  might  nol  conceivably  lift  the  track;  but  under  normal 
working  conditions  — which  really  are  the  true  conditions — 
the  track  is  not  lifted. 

Under  the  head  of  tamping  we  are  hound  to  consider  the 
matter  of  ballast,  and  the  possibilities  of  tamping  various 
types  by  mechanical  means,  and  it  may  be  said  at  once  that 
no  considerable  difficulty  is  encounl  ered  in  lamping  any  kind 
of  ballast.  The  point  has  been  raised  that  a  blow  of  the 
intensity  required  to  consolidate  the  ballast  would  be  so  great 
that  it  would  break  up.  if  not  pulverize,  such  substances  as 
slag.  This  is  not  the  case.  The  ballast  is  packed  without 
appreciably  breaking  up  the  slag  or  stone.  In  practio 
or  broken  stone,  and  even  sand,  have  successfully  been 
packed,  while  during  the  period  of  the  war  difficult}  was 
not  experienced  in  working  on  mine  earth  foi  railways  In  the 
war  area.  It  should,  however,  be  pointed  out  that  it  is  an 
Important  matter  to  secure  the  correct  shoe  to  use  with  the 

hammer  for  each  particular  kind  of  ballast.  In  the  case  of 
broken  tone  the  shoe  is  smaller  and  of  quite  a  different 
design  from  that  used  lor  sand 

It  is  interesting  to  consider  the  intensity  and  strength  ot 
blowi  found  desirable  in  elect  in  mechanical  packing.  Four 
hundred    blows    per   minute    are    given    by    the    hammer,    and 

the  Intensit}   of  each  blow  is  roughly  440  lb.;  this  is  equiva- 

to    176,000-lb.    blows    per    minute       li    this    is    compared 

With    the   amount   of   work    put    Into    packing    a    tie    by    hand 

under  present  conditions,  it  is  seen  that   there  is  much  to  be 

iro-mei  hanical  packing      Moreover,  as  thei 
four    machines    carrying    out    :in     packing    ol    oni     tie    at 

the   same    time,   the    work    dole     on    the   ballast    under    the    tie 

"'thing  like  707,000-lb.  blow     pei    minute, 
The  nece     It]  ol  having  an  adequate  weigh!  In  the  machine 

has  been  emphasized,  and  this  decision  is  the  result  of  more 
than    L'n    years'    study    of    the    sillied;    hut    regardless   of   this 

weight,   tie'   entire   tamping   battery   may   be   removed    from 

the  track  in  about  on.-  minute  A  battery  consists  of  four 
machini       Which    work    in    pairs,    the    two   machines   of    each 
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pair   packing   op] each  other  and     pecial   manner. 

The   batters    will   pack   verj    solidly   from    10   to  60   tie     pel 
hour,  which  is  equivalent   to   10  to  15  tii  n   in  per  hour. 

In  this  connection  it  is  Important  to  not.    11  at   thl     mould  not 
be  compared   with  the  work   performed   by  i     aual   taboi 
the    result    of    electro-mechanical    packini     is    man]     times 
superior. 

When  working  with  an  elect al  tamping  battery 

is  is  claimed  that 

1.  The  ballast  is  packed  more  firmlj  and  uniformly  than  is 
possible  by  hand. 

2.  it    is  necessary  to  go  over  the  line  onlj    once,   In 

of  having   to  come  back   several   timi  ttling.     This 

in  itsoit"  is  a  great  saving. 

3.  The  line  very  seldom  settles  after  packing. 

4.  Norma]  train  speeds  may  be  resun 
packing  is  completed. 

5.  The  packing  battery  ran  immediately  folloi 
ing  gang,  and  so  the  line  is  com p] on 'h   tini  1  ■•  <    ,     »u 

8.    There  is  greater  security  on  curves  and  generally    an 
;e  of  public  safety. 

7.  The  hammers  have  shoes  specially  design*  d  tor  each 
kind  of  ballast. 

8.  As  the  man  does  not  take  the  weight  of  the  machine 
be  can  feel  to  a  nicety  when  the  sleeper  is  fully  pai  ked 

9.  Similarly  he  can  direct  the  blow  where  required  with 
great   precision. 

10.  As  the  packing  is  finished  before  the  pa  a  o1  1 
train  the  sleeper  is  not  injured  by  being  crushed  on  to  a  few 
sharp  points  of  stone  that  frequently  suffice  to  support  it  in 
the  case  of  hand-packing. 

11.  Under  proper  conditions  this  is  cheaper  than  by  band- 
packing. 

As  to  the  advantages  of  electro-mechanical  tamping  over 
hand  tamping,  reference  may  be  made  to  an  instance  in 
Norfolk  where  a  length  of  line  on  a  curve  was  electro- 
niechanieally  tamped  and  a  straight  piece  of  road  preceding 
it  was  packed  by  hand.  It  was  found  on  examination  after  a 
number  of  hours  that  the  hand-packed  line  had  settled. 
whereas  the  curve,  tamped  by  machine,  had  remained  solid. 
Tamping  by  this  method  commenced  on  the  P.  L.  M.  Railway 
over  20  years  ago.  It  was,  however,  due  very  largely  to  the 
interest  in  modern  track-work  evinced  by  Sir  Henry  Thorn- 
ton and  Mr.  John  Miller  that  the  subject  was  recently  inves- 
tigated and  tests  made  in  this  country. 

Another  aspect  of  the  work  that  should  be  mentioned. 
though  it  is  more  applicable  to  Indian  and  African  railways 
than  to  those  in  this  country,  refers  to  the  tamping  of  steel 
ties.  In  the  past  considerable  difficulty  has  been  found  in 
getting  a  solid  bed  of  ballast  inside  a  steel  tie.  Where  wood 
is  used  there  is  a  fairly  flat  surface,  but  with  the  hollow  of  a 
steel  tie  the  ballast  has  to  be  forced  up  so  that  it  comes  into 
close  contact  with  the  base  of  the  metal.  Excellent  results 
have  been  obtained  through  electro-mechanical  tamping, 
where,  in  the  course  of  a  few  seconds,  the  vibration  and  force 
will  give  a  more  solid  packing  that  that  obtained  by  other 
means,  and  in  a  test  that  was  carried  out  on  the  Prussian 
State  Railways  in  Hanover,  excellent  results  were  achieved  in 
packing  at  the  rate  of  40  seconds  per  steel  tie. 

Screwing  Machines. — The  question  of  chair  and  rail  fas- 
tenings is,  at  the  present  time,  a  live  subject,  and  of  the 
many  types  in  use  it  will  perhaps  be  well  to  deal  specially 
with  coachscrews,  and  add  a  word  on  through-bolts. 

The  coachscrew  is  only  now  coming  into  its  own  in  this 
country,  though  its  use  abroad  has  been  common  practice 
for  many  years.  It  is  used  to  some  extent  in  America,  and 
particularly  where  the  frost  does  not  cause  heaving  of  the 
track  in  winter,  and  it  has  been  estimated  that,  up  to  1915, 
1,500  miles  of  track  had  been  laid  with  coachscrews  on  the 
American  Continent.  General  experience  abroad  has  been 
with  the  Vignoles,  or  F.B.  rail,  but  as  far  as  chaired  roads 
are  concerned,  there  are  the  examples  of  the  French  State 
lines  and  the  Paris-Orleans  Railway. 

The  size  of  the  hole  bored  in  the  tie  before  the  inser- 
tion of  the  screws  has  a  marked  effect  on  the  hold,  and  this 
is  a  point  which  requires  careful  study.  In  soft  wood  a 
smaller  hole  can  be  used  with  advantage  than  would  be 
desirable,  say,  in  a  hard  oak  tie.  A  certain  influence 
on  the  selection  of  the  right  size  of  hole  is  to  be  found  in  the 
increased  amount  of  energy  required  to  put  down  a  screw 
in  a  small  hole;  and  this  is  sometimes  allowed  to  influence 
the   choice   of  size  even   with  the  knowledge   that   the   hold 


under  such  conditions  will  be  less  than  if  the  buman  factor 
was   removed.     Just    before   In  ertion    In    the   bored    tie   the 

,  > ,  (i     bould  i"    dippi  d  in     ome     ice  which  will  ai  1  e 

a  lubricant  and  protective  agent.    Thi  elected  may 

Influi  ace  the  si/.*'  of  the  hole  it  is  con    tiered        a  to  use  b 
rendering   the   operation   of   putting   down   the  screw  easier 
:  ban  ol  bei  wise  «  ould  be  1  be  '-a.se. 

\    , i|.  :    little  nil  -.     •   at,  1.  ,i     m     i  ii.      |..i    i       n    u    in 

coachscrews,  and  particularly    where  mach were  uti 

lias  1 n  the  over-tightening  ol    tin One  turn  after 

the  scr.-w    is   iit;lit   is   sufficient    to  destroj    the   liber  of  the 

u 1   on  the   Inside  of  the  hole,  and   so  reduce   the  holding 

power,    There  is  also  the  point  thai    when  screws  are  used, 
and  the  wood  becomes  softened  or  di  end  the  hole, 

11    ,     difficult   lo  tell  from   visual  observation   whether  or  no 
thi  re  1    sufficient  hold  to  keep  the  chair  or  rail  In  position. 

1  be  in  i<  Hine  that  has  been  devised  to  meet  these  require- 
ments is  worthy  of  description.  The  electro-mechanical 
screwing  machine  is  of  a  sister  type  to  the  tamping  machine, 
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being  operated  on  a  light  trolley  along  the  line,  one  machine 
functioning  at  each  end,  i.  e„  over  each  rail.  In  this  way  the 
machines  are  used  to  put  down  or  unscrew  screws  along  the 
line  in  position.  The  machines  similarly  may  also  be  used  at 
a  base  tie  depot,  or  may  be  moved  along  the  line  to  where 
the  ties  are  stacked.  The  mobility  of  this  and  the  other 
machines  is  an  important  factor  in  saving  the  hauling  of  the 
material  more  than  is  necessary.  The  operation  is  extremely 
quick,  and  the  turning  torque  that  it  is  possible  to  exert  is 
very  great,  as  will  be  seen  from  the  use  of  which  the 
machines  were  put  during  the  late  war. 

At  first  sight  it  would  seem  that  this  great  available  turn- 
ing torque  would  in  itself  be  a  danger  in  putting  down  screws 
where  one  turn  too  much  would  destroy  the  result  desired. 
This,  however,  is  not  the  case,  for  on  the  machine  there  is 
an  adjustment,  so  easy  in  its  action  that  the  machine  can  be 
caused  to  stop  at  any  desired  pre-determined  hold  to  suit 
various  classes  of  work,  from  the  delicate  operation  of  putting 
down  a  screw  in  a  large  hole  in  a  soft  tie  to  putting  down  a 
screw  in  a  small  hole  in  a  hard  tie.  In  the  normal  position 
the  box  spanner  attached  to  the  head  of  the  machine  is  sta- 
tionary, but  when  this  engages  the  head  of  a  coachscrew,  the 
machine  automatically  starts  and  functions  until  the  screw  is 
sufficiently  tight  (as  previously  determined),  when  the  ma- 
chine automatically  stops.  In  operation  the  machines  are 
very  quick.  For  example,  recently  at  a  base  depot  where  a 
pair  of  machines  were  in  use  (with  two  men),  it  was  never 
found  possible  to  supply  ties  to  the  machine  sufficiently 
quickly  to  exceed  the  machine's  output,  though  only  two  men 
were  used  in  putting  down  screws. 

Another  important  use  is  in  connection  with  the  taking  up 
of  track  where  chairs  have  been  fastened  to  the  ties  by 
means  of  coachscrews.  It  is  possible  by  means  of  these 
machines  quickly  to  remove  all  chair  fastenings  along  a  line, 
so  that  chairs  and  ties  may  be  stacked  or  loaded  separately, 
thus  showing  a  great  saving  in  handling,  as  also  in  space 
occupied  by  the  cars. 

These  machines,  like  the  packing  and  boring  machines, 
played  an  important  part  in  France  during  the  late  war 
both  with  the  British  and  French  armies.  Great  difficulty 
was  experienced  in  removing  screws  from  track  that  had  been 
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or   when  own,   ;is   the   bold 

screw    in  tl 

when  the 

machli  operation    ■■  tor   6   hours 

outes,  the  a  ir  was 

per  minute. 
This  related  to  taking  up  demolished  track,  but  al  the  same 
time  in  Prance,  ce  with  old 

■  in  which  the  sinus  bad  I i  drawn,  thei 

i   hour, 

-n  per  minute      \  ptation  ol  the 

machim  tor  tightening  nuts  on  throughboltt 

work  was  carried  cut  al   a   base  depot      When   the  chaired 

i  e  under  the  heads  of  the  machines  the  nuts  had 

it   the  throughbolts.     The  turn 
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tion  of  the  machine  was  to  tighten  these  nuts,  at  i in-  same 
time  drawing  up  the  lower  plate  into  the  base  of  the  tie.    A 

matter   of  some    100, tiei    were   so   treated.      Mr.    A     W. 

Szlumper  was  the  lust  to  appreciate  the  value  of  these  ma- 
chines for  Britisli  pi  I  used  them  on  the  London  and 
South  Western  Railway  foi  chairing  some  150,000  ties,  some 
with  coachscrews  and  some  with  throughbolts. 

Tie  Boring. —  In  connection  with  tie  boring,  there  is  first 
of  all  the  machine  ties  in  position  along  the  line; 

secondly,  in  order  to  Bave  unnecessary  handling  of  material, 
there  is  the  opportunity  tor  boring  ties  at  the  stacks,  whether 
this  be  at  tin'  principal  ti"  depot  of  the  railway  or  at  stacks 
along  the  lino  where  quantities  may  have  been  massed.  Next 
there  is  the  question  of  the  difficulties  connected  with  the 
ordinary  boring  machines  through  the  change  over  from  the 
two  holes  required  for  some  fastenings  to  boring  three  or 
four  holes  for  trenails  required  tor  maintenance  ties. 

The  machines  used  to  meet  all  these  difficulties  are,  again, 
similar  in  general  design  to  those  tor  packing  and  screwing. 
They  are  operated  on  a  small  trolley  along  the  line,  and  are 
also  removed  from  the  track  when  necessary  in  about  one 
minute,  it  is  the  matter  of  only  a  few  seconds  to  change  a 
drill  say  from  a    ",   to   1',.  and  this  the  change 

of  guide  which  is  attached  to  the  arm  This  guide  is  used  for 
centering  when  boring  ties,  the  chair  itself  being  used  as 
a  temp  ame  purpose  when 

the  boring  is  done  through  a  special  template  al  a  Pas, 

Vlgnoles   rails  are  used  the  guide   m\"<   the  correct 
distance  of  the  hole  from  the  edge  of  the  foot  of  the  rail. 

Regarding  the  mobility  "t  t > i i  —  plant,  In  a  case  where  the 
entire  plant,  Including  boring  machim      and   generating  set, 

staging,    etc  .    had  pal  I    Ol    B    J 

anothe  rork  took  place  ami  the  machines  were  in 

operation     within     two     hours        Tie-     inn  lute-,     are     pi. 

quick  in  action,  and  although  each  individual  hole  is  bored 

separately,  yet   when  six  ■      the  output 

was  o' .  •  This  individual  boring  of  holes  Is  of 

i    i    on   with   the  lai  h  ol   uniformity 

that  is  often  found  in  a 

Fri  •  I  -in  the  posit  Ion  ol   the 

holes  In  a  (hair  may  thro  Lin  on  the  Casting  when 

the  scr  inserted.     With  the  individual 

Mil.  the  boles  can  be  bored  through 

II  illK    the    I  . 

hole     it  i-  m>t  essential  w  ith  these  mat 


an  absolutely  vertical  hoi,-,  foi  in  cases  where  an  inclination 
Is  desired,  the  machines  can  requirements. 

it  is  well  known  thai   with  ba  a  tendency 

to  produce  an  oval-shaped  and  enlarged  hole,  and  this  is 
entirel]  obviated  i>\   machine  boring     The  actual  time 

:     hoi.' 

\     an  Indication  ol  the  u      to  which  the.,,  movable  ma- 
chines have  been  put  when  working  at  a  base,  it  may  be  noted 
thai    thej    were   used   recent  Ij    on   the    Northern   Railv 
Prance  for  boring  i.ouu  ties  per  day.    This  was  in  connection 
w  itli  the  adzing  mi 

in  addition  to  the  boring  machine  just  described,  one  of 
tin    multiple  boring  type  is  also  very  largely  used      This  is 

bough  II       not  used  tor 

working  along  the  line  II  Is  BUPplled  with  rail  wheels,  and 
thus   is   easily    moved  place    t"   another.      It   is    gen- 

erally operated  on  a  siding  clo  ol  ties     The  output 

is  about  1,000  ties  per  day.     it  i  m  conjunc- 

tion with  the  large  type  o  line  when  tie  n.-  move 

from  the  latter  directlj   into  mis  multiple  boring  machine 
Adzing. — The  modern  policj  oi  removing  the  machines  to 

where   the    work    i-    located    rSthei     than    U    Ing    tie     additional 

labor  oi   bringing  the  material   to  the  machines,  has 

iin    introduction   of   special    machines   for   carrying  out  the 

operation    of  adzing.     In   many   ca.ses,   probably   more   abroad 

than   in  Uiis  country,  there  i-  a  cor  imounl   of  re- 

carried  out,  ami  frequently  when  this  is  done  the  ties 

are  re-adzed  in  position,  the  machine  actually  being  taken 
along  the  line  and  the  new  BUrface  given  to  the  wood  without 
removing  it  from  the  road.    This  is  found  beneficial  chiefly  in 

two  cases  firstly,  when  the  Chair  or  rail  has  worked  itself 
into  the  tic  unduly  or  unevenly;  secondly,  when  the  fastenings 
have  become  insecure,  and  the  old  holes  are  plugged,  and  new- 
ones  bored.  This  machine  re-adzes  the  sleeper  in  5  to  10 
seconds. 

The  large  adzing  machine  is  in  size  and  general  manipu- 
lation very  similar  to  the  multiple  boring  machine.  It  is 
operated  by  two  men  both  ends  of  the  tie  being  adzed  at  the 
same  time.  Any  desired  cut  can  lie  arranged,  as.  for  exam- 
ple, the  flat  surface  for  chairs  or  the  additional  cutting  to 
form  a  seat  for  F.B.  rails.  The  cut  in  both  the  adzing  and 
re-adzing  machines  is  made  by  means  of  a  high-speed  milling 
cutter,  as  it  is  found  that  in  this  way  the  wood  is  not  torn, 
as  is  so  often  the  case  with  the  ordinary  adzing  blades.  The 
adzing  machine  has  an  output  of  from  1.000  to  2,000  ties 
per  day  for  new   ties.     Naturally,  this  output  is  reduced  when 
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are  being  realized  for  future  use,  due  to  the  tine 
particli  Ol  '"ie  and  -ami  that  have  become  imbedded  in 
the  wood. 

It  is  of  verj  considerable  ln-m-iii  in  a  tic  depot  to  be  able 
easily  to  iniiv,.  the  adzing  ami  boring  machines  from  one 
slack    to    another,    and    the    ties    feeding    from    Ibe    adzing    lo 

tic  boring  machines  considerably  reduce  the  amount  of  labor 
:i      To  take  the  i.e.    ol    the   Northern   Hallway  of 

the     method    adopted     was    to    keep    Ihe    adzing    and 

boring   machines    together   with    then-   petrol-electric   gener- 
ating    'i    "ii  the   lines  in  the  tie  depot,  so  that  they  could 
change  from  one  place  to  another.    The  amptj 

.  ed     into    the    siding,    so    that    after    passing 
[b  the  machines  the  ties  were  at  once  mounted  into  the 
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cars  for  removal  to  the  creosol  the   whole 

occupied  from   stacks  to  cars,  including  adzing   and   boring, 

was  the  matter  of  only  a  few  yards. 

Rail  Drliing. — The  drill  next  to  be  <!'  cribed  is  a  machine 
,  ,1  specially  for  the  drilling  of  rails,  and  one  worked 
out  under  actual  conditions  ol  practical  track  work 
rail  drill,  like  tho  other  machines,  is  eleel 
motor  of  the  required  power  being  supplied  with  current 
from  an  electric  generating  set  The  machine  is  carried  on 
,i  Hght  trolley,  but  in  this  ease  there  i  onlj  one  machine 
pivoted  at   tie-  center,  so  thai   either  rail      laj    b     drilled  as 

required.      The    drill    works    at     L' 'evolution       per    minute. 

and   drill-   a    rail   in   about  30  seconds.     In  actual 

i  i-  about  10  hides  per  hour,  or  about  one  every  1% 
minutes  on  the  average,  the  extra  time  being  taken  up  in 
moving  the  machine,  etc.  The  value  is  not  alone  in  drilling 
tor  fishbolts,  as  it  has  a  very  important  use  in  drilling 
holes  for  bonding  rails  for  electric  traction.  There  are  two 
t\pes  of  rail  drill,  one  working  front  the  outside,  and  the  other 
■  i  working  from  the  inside  of  the  rail. 

Rail  Sawing. — The  need  of  a  new  type  of  rail  saw  became 
apparent  during  the  late  war.  and  as  a  result  a  readily 
movable  power  driven  rail  saw  was  introduced  for  use  along 
the  line,  and  this  has  met  with  considerable  success.  Blades 
of  the  hacksaw  type  are  used,  and  a  rail  is  cut  through  in 
from  6  to  le  minutes,  leaving  a  square  and  clean  cut  face. 

Loosening  Ballast. —So  much  energy  has  been  expended  in 
pick  work  on  hard  consolidated  ballast  that  it  is  a  matter 
for  surprise  that  a  suitable  machine  has  not  previously  been 
developed  for  loosening  ballast  ready  for  removal  by  shovel. 
The  individual  machine,  which  is  mounted  on  a  trolley,  is 
moved  along  the  line,  and  rapidly  stirs  up  and  loosens  the 
ballast  between  and  around  ties.  As  the  machine  is  quick  in 
action  there  results  a  considerable  saving  in  both  time  and 
labor. 


Rust  Prevention  in  Reinforced  Concrete 

The  development  of  rust  in  reinforced  concrete  and  the 
methods  of  prevention  have  recently  been  examined  by 
Dr.  Goslich  of  Berlin  with  the  assistance  of  committee.  Three 
typical  Portland  cements  were  used,  the  cement  mortars  con- 
sisting of  cement  and  sand  in  the  ratio  1:2,  1:3.  and  1:5,  re- 
spectively, and  the  reinforcing  rods  0.4  in.  diameter  were  cov- 
ered to  various  extents.  The  results,  according  to  Zement.  of 
Berlin,  show  that  to  ensure  the  reinforcement  being  properly 
protected  it  must  be  covered  with  at  least  0.8  in.  of  1:2  ce- 
ment-mortar. The  sizes  of  the  sand  grains  and  of  the  inter- 
•stices  between  them  are  less  important  than  the  richness  of 
the  mixture.  A  1:2  mixture  is  superior  to  1:3  as  regards 
prevention  of  rusting,  and  1:5  is  satisfactory  if  the  reinforce- 
ment is  sufficiently  deeply  embedded. 

If  the  conditions  are  sufficiently  severe,  rusting  appears  to 
be  inevitable  unless  the  reinforcement  has  been  covered  with 
a  waterproofing  agent. 


A  Subsiding  Town. — The  difficulties  connected  with  the 
sewerage,  sewage  disposal  works,  buildings,  and  other  struc- 
tures in  Xorthwich.  England,  will  rank  as  the  greatest  which 
any  Urban  Council  in  the  country  or  any  engineers  have  to 
contend  with.  These  are  consequent  upon  the  ever-recurring 
subsidences  over  an  area  of  about  one  square  mile,  due  to 
brine-pumping,  the  solid  salt  removed  each  year  being  equiv- 
alent to  about  1  ft.  in  thickness.  The  area  of  subsidence  is 
clearly  defined,  and  has  not  appreciably  extended  during  the 
past  30  yeaTS,  but  within  it  the  points  affected  are  frequently 
changing  and  the  pools  of  water  due  to  subsidence  cover  an 
area  of  more  than  120  acres,  some  of  them  being  over  80  ft. 
in  depth.  In  the  town  itself  portions  of  the  main  street  have 
had  to  be  raised  nearly  6  ft.  at  intervals  of  about  10  years, 
and  practically  all  the  buildings  are  constructed  on  the  frame 
principle,  so  that  they  can  be  lifted  bodily  off  their  founda- 
tions by  means  of  jacks  and  then  underpinned  with  brick- 
work or  concrete.  Two  important  buildings  are  of  reinforced 
concrete  skeleton  construction,  which  has  proved  highly  sat- 
isfactory in  withstanding  the  effects  of  subsidence.  Rein- 
forced concrete  was  used  in  the  construction  of  the  main 
and  subsidiary  pumping  station  buildings:  and  in  the  area 
of  subsidence  steel  tubes  have  been  used  in  some  instances 
and  in  some  places  experiments  have  been  made  with  a  type 
of  ball-and-socket  pipe. — From  Municipal  Engineering,  Lon- 
don. 


Stabilising   Wages    in    British    Public 
Works  Construction 

From  Thi    Sui    eyoi     I  ondon. 
Municipal   and  other  public  authorities   bavi      ovei    the  last 
years,    been    bewildered    by    the    rapid    and    trei 

changi  which    have    been    foiled    upon    them    by 

rea  onoi  wagi  agreements  made  in  the  various  industries  thej 
follow  In  connection  with  the  public  works,  and  there  has 
been  a  very  strong  tendency  on  their  part  to  postpone  the 
commencement  of  these  works  until  such  lime  as  they  can 
estimate    witl  Kree    of    accuracy    the    capital    outlay 

involved. 

By  the  beginning  of  last  year  wages  to  unskilled  laborers 
had  increased  to  a  rate  which  was  more  than  three  and  a 
half  times  the  prewar  level,  while  the  cost  of  living  was 
never  more  than  just  over  two  and  a  hall   times   the   pre-war 
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cost  of  living,  and  in  view  of  this  remarkable  disparity  be- 
tween the  cost  of  living  increase  and  wage  increase,  the  un- 
dertakers of  large  public  works  were  compelled  to  close  their 
purses  and  adopt  the  strictest  economy  in  this  particular 
class  of  work.  While  the  distress  caused  by  the  unemploy- 
ment brought  about  in  all  the  various  industries  in  this  coun- 
n  y  owing  to  purchasers  similarly  closing  their  purses  while 
the  cost  of  production  remained  so  high,  has  resulted  in 
some  public  works  being  carried  out  for  relief  of  this  distress,, 
the  really  important  developments  of  water  supply,  road",, 
dock,  rail  and  other  improvements  have  not  even  yet  been- 
embarked  upon  by  the  employing  authorities,  owing  to  their 
lack  of  confidence  in  the  accuracy  of  the  estimates  of  cost 
which  are  made  on  their  behalf. 

Experienced  trade  union  leaders,  however,  have  fully 
grasped  the  importance  to  the  men  they  represent  of  obtain- 
ing a  stabilization  of  wages  which  will  give  that  confidence 
to  employing  authorities  which  will  enable  them  to  make  such 
accurate  estimates,  and  it  may  not  be  sufficiently  known  that 
in  regard  to  constructional  work,  other  than  building,  an 
agreement  was  entered  into  in  March  of  last  year  between 
the  representatives  of  the  navvy  and  laborer  and  other  work- 
ers engaged  on  civil  engineering  and  public  works  construc- 
tion and  the  Federation  of  Civil  Engineering  Contractors 
i  supported  by  representatives  of  municipalities  carrying  out 
waterworks  by  administration)  under  which  the  serious  dis- 
parity between  the  cost  of  living  percentage  increase  and 
wage  increase  was  considerably  reduced,  and  under  which 
provision  was  made  for  the  future,  so  that  each  month's  cost- 
of-living  figure  is  at  the  same  time  an  index  to  and  a  deter- 
mining factor  in  the  rate  of  wages  which  is  to  be  paid  in 
the  month  following. 

This  agreement  is  being  operated  in  a  very  considerable 
degree  by  local  authorities  as  well  as  by  contractors,  and  its 
chief  feature  from  the  employing  authorities'  point  of  view  is 
that  it  does  not,  as  in  the  case  of  the  building  trade  (under 
whose  present  arrangement  wages  up  to  August,  1922,  will 
be  affected  by  the  cost  of  living  in  July,  1921),  lag  months 
behind  the  fall  in  the  cost  of  living,  in  obtaining  a  relative 
fall  in  the  wages,  but  is  operating  smoothly  and  satisfac- 
torily each  month  by  reason  of  the  general  good  will  of  both 
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ill    their   undertaking   to 
the  full. 
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a  nh.  since  the  initial  reduction  de,  the  wage 

latlon  i"  ih"  month!}    tails  in  the  • 

living,  and  there  can  be  little  doubt  thai  ployers  will  be 

i  in  considering  that  thie 
.in  element  of  security  in  the  Industr)   with  regard  to 
The   cost-of-living   Bgure  may    be   still    further   reduced,   but 
employers  can  feel  satisfied  thai  thi 

employed  on  public  works  will  I      ee  from 

month  to  month. 
The  present  basic  rate  •>:  wages  to  navvies  (with  thi 
;•..   in   the  Count]    ol    U 

.  as  "towns,  w  hich, 
''nh   Industrial  life  usuall]  paid  to  the  workmen 
employed  in  their  various  indti 

than     ■    ■  ■    |    id    [i  aei  illj    In 
throughout  England  ami  Wale 

nmcuMtr-  Stali  a  Ptit  to  tx  Qmtuav  nwvy  or  Uaoumi 
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in  Class  2  places,  defined  as  "all  areas  not  in  (lass  l.  which 
are  geographically  within  large  industrial  areas,  or.  being 
outsid.  dU6trial  In  i  cter,  in  which  work- 

men  employed   in    tin-    various   industries   and    in   the   public 
:     imllar  wages  to  the  workmen  in 

Within  th''  anas."  Is.  Id.  (32  Ct.)j  and   in  Class  3  places, 
defined  as  "areas  and  towns  other  than  Class  1  and  Class  2 

ptlng   the  County  of  London  and   specially   rated   area 

under  Rule  I  (2  and  for  every  fall  of  7% 

points  from  105  per  cent  in  0  uving  figure  these 
wages  fall  %d.  1  ct.)  per  hour. 

Figure   2   shows   at   a   glance    :  ttes    Which    op 

in  thi  lenever  the  cost-of-living  index  figure 

is  published. 


Method   of  Extinguishing    Oil    Fires.-  The   problem   Of  deal- 

toi  "d    in 

quantities  is  one  which  chiel  officers  are  called 

upon    •  I   iese   days    when    Industrial    and    other   com 

I  lining  thousands  of  gallons  id'  highly 
Inflammable  liquids,     in   the  t  ecent    >•<,    occurring 

•  ■I'  the  kind,  a  few  hours  reduced  Urn  plant  In  a 
mass  of  twist,. i|  iron,  with  rivulets  of  flaming  oil.  petrel  and 
naphtha    creeping    along    the    >  iund.      Until    a    few 

igo  tie-  only  known  method  or  righting  flree  of  thi 

itet     ud  sand,    other  methods  have  since  i n 

d   and  an  ingenious  apparatus  has  been  devised  for-  deal- 

Ith   outbreaks  of   the   kind.      It    ■  -  i     metal 

high.     The  lower  portion 

solution  of  locai  bi  |   ,,  |,       \),  ,v ,. 

this  iB  a  tank  holding  sulphuric  acid  with  a  pipe  leading  to 
the  solution   below.     A   heavy   hammer  is  suspended   above   by 

0(  links  which  will  melt  at  212  Should  a  lire  start. 
the    In  at    melts    tli<.    chains,    the    hammer    falls   en    a    plunger, 

ami  allows  the  aei,,  t,,  combine  with 

ration     carbonic  add   gas  is  Lmmedlatel]    generated, 

and  a  I  the  surface  ol  the 

flamlio  ictlngulshing 

•  ■■    effective     i> Mu- 
nicipal Bngii                      ion 


Waves — Their  Formation,  Action  and 
Effect  on  Marine  Works 

I.  \  II I  A.M. 
From  u  ..i.r  an, I  Watei    Engineering.  Loi 
1 '"  :  wave  action  in  existing 

'■  xl1" ■•  Pi  M    tthews,  in  bis  i i    on 

■    Protection,"  de  il     In  his  ftrsl   .  haptei    «  nh  the 

Probably  t ther  volume  » ill  be  found  to  contain 

collection    holographs,    ti  I 

uii.i.  r  obvlouslj    diffli  nil   conditions,  and 
Inti  r<  sted  in  this  Bubjecl  is  advised  to  add  tin 
collection.* 

Determination   of  Wave   Height  and   Range.     The  tie 

"en  is  Bomewhal   Indeterminatt     and   there  is  a  val- 
uable i  c    Cole a  an 

'"■    tO    bis    bo  ters,    in    the    first    instance,    to   a 

:  i   ol    the  late  t    Steven  on  used   for  the   purpose  of 

i<  IgM    Of    ■     in  The    formula    quol 
h=  I 

h  Is  the  le                           [n  r,,,.,    :,,,,i  (i  ,„  tne  |engm 

heighl  ei   -  it  in  i  onjunctlon  with 

It  al  propertli  s  ha-  a  direi  I  bearing  on  the  dynami- 

lliCh      the      «;,\,  ;,.    M..      ,,f     , .  x, . ,-,  j  „ ,.  |,      [MS 

formul  feti  000  miles,  a  wave 

■   60  it    is  obtained.    In  the  ml    iven  under 

the  worst  conditli  recot  .,,■    wave 

b    height.       I! 

'    "  Is  the  vi  rtical   inter', 

and  trough  or  the  height  of  il nean 

pn  irmei       VIi    Colson  had 

tttlj    doubl    ibout  idlfled   it   for 

"  tches.    This  indict  ti      i| iatlon  on  his  pan  of  the 

mportanl  but  obscun    function  in  wave  action,  namely, 
the  phenomenon  known    ■ 

Range  may  really   I [hi  utial   da 

ol  a  travelling  wave  and  is  therefore  a  function 
velocity,  heighl  and  length,     while,  owing  to  thi 

•  bed,  or  to  tl  of  lateral  constrictions  oi   to 

other  causes,  the  ratios  1  thi         ariables  may  alter. 

thi    i    nge  of  the  wave  remains  virtually  the  same  until   its 

i nl  ial  energi   tmi  nci  dissipal 

author     ui  ibablj    an   attempt 

might    I  i    made  to  express  the  term  I  tl  Ically. 

As  a  result  the  folio    li  formula  was  put  forward 

bj    Mr.    \    E    '  arej    ■  -       p  Proi  .   Inst    c    k  ,   1921 

ccix.  1 


\       til 


R  = 


\  v  +  fh 


I-  I 

where  v  =  velocity   In  feet  1  ond, 

h  =  height   In   feet, 
1  =  inter\  al  of  waves   in  feet, 
1        a   fai  tor  to  be  determined  by  experin 
V,  H,  and   I.  would   represent  the  same  components  of  the 
wave  alter  passing  a  harbor  entrance  or  other  constriction 
H  would  then  be  the  range  expressed  hi  unit-  to  be  defined 
by  experiment, 
The   higher   the   value  of  the  range  factor  in  a   wave  the 
1    the  potential  energj   ol    the  wave  a     regards  its  ca- 
pacity  for  doing  damage. 

Prom  the  above  considerations  it  Is  obvious  thai  actual 
observation  on  a  coast  lini  I  1  ,  than  any  theoret- 
ical attempt  at  calculation.    The  dynamical  ton xerted  by 

e  depends  so  much  on  local  conditions  thai  the  thi 
leal   results  from   open   sea   calculations  are  generally  quite 

■  "ate.     For  exami  h  .  .  an   wave  ap- 
In     a  'lilt   barrier  with  deep  water  close  in  Is  vers   dif- 

ol  the  same  wave  approaching  a  gradually 
sloping  and  shallow   foreshore,  or  again  to  its  behavloi  after 
■lion- in  the  narrow   entrance  of  a  harbor  mouth 

Types  of  Waves.     A  great   deal   of   study  has   been  given   to 

'   "  dealt   with 
In     the     following     bOOl  '  "[       I       '  1.      I' 

Hai 1 1 .     1  ;iari  ndor    Pri  sa      "Thi  1  (W.   H 

■  '      Longmans,    Qrei  n    and    Co       "Manual    ol     ' 
(Nathaniel  Beardmon  I,  Waterlow  ami  Sens.     "N'ntes  on  Docks  ami 

Hon"  (C.  Col  reen  and  1 to      "Tidal 

LAnds'                          .1  Sona      "Maintenance  "f 

'  '  Impact    en    ICnirln.  erlnir 

Strui  Institution  "f  Civil   I 
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wave  action,  but  it  is  admitted  that  e  so  many  variable 

functions  that  the  theory  of  wave  action  is  ot  little  practical 

,   however,   bi 
whose  action   on   marine   works   is    well 
are    ill   the   travelling   wave,    il'i    ground  swell,    (3)    broken 

1 1   breaking  sea,  and  (5)   the  osi  illati 
do   not    include   the   free   tidal   wave,   but   may   be   deli 
fellow: 

(If     Tie    travelling  wave  is  one  in  which  the  particles  of 
avi    a   definite  forward  movement. 

il'i     A   ground   swell 
the  wind  drops;  it  is.  of  course,  transmit!  beyond 

th.    storm    /on.    and    is   caused   by   the   sub-surfaci     velocitj 

.    :  ne  velocity. 

\    broken   sea   occurs    when   the   "range" 
from  Increasing;   i.  > ..  th.-  intervals  between      aves  and  the 
are    small    ami    eannot    increas 

.'.  ind     Tiii-  i  :s  not 

at    all    dangerous    from    I  int    of    view    unless 

sed  on  travelling   waves, 
A    breaking    sea    occurs    in    shallow    water    when    the 
Ollapses  forward  owing  to  the  arrest  of  its  lower  por- 
tion on   the  foreshore  or  sea  bed.     The  travelling   wave,   on 
reaching   the  coast,  generally   breaks  in   this   fashion. 

(5)  The  oscillatory  wave  is  one  in  which  the  particles  of 
water  have  no  forward  movement.  They  are  not  damaging 
in  effect  as  a  rule. 

The  worst  sea  from  the  engineer's  point  of  view  is  the 
breaking  sea  where  the  final  onslaught  of  the  \actly 

on    the   alignment  of  any   defensive   works,    sea    wall,    mole, 
quay,  etc. 

Wave    Pressures. — Prof.   Arnold   Hartley  Gibson.   D.   Sc,   in 
his  pai»'i   entitled  "Wave  Impact  on  Engineering   - 
comes   to   some   remarkable  conclusions.     These   briefly   indi- 
cate that  whi  of  the  wax.'  maj    bi 

:  against  a  vertical  plani  ressures  may  be  de- 

veloped   up   to   pressures    16   ti 

open  joint   or  fissures  presented  in  that  plane.     This  at  once 
explains  the  necessity  of  wide  spans  in  open  structun 
an   unbroken   surf:  structures   where   such   are  ex- 

.  the  action  of  the  sea. 
'her  important  point  to  remember  is  that  if.  by  reason 
of  artificial  structures,  an  oncoming  wave  is  thrown  vertically 
upwards,  a  very  intense  downward  pressure  is  caused  by  the 
subsequent  descent  of  the  water  which,  in  expos.ed  situations. 
may  safely  be  taken  as  reaching  Tee  lb.  per  square  foot. 
This  is  a  very  important  action,  and  the  late  W.  T.  Douglass 

sed  the  opinion   in   1911   that  probably  50  per  i 
sea  wall  failures  were  due  to  this  downward  action  destroying 
the  surfacing  behind  the  sea  wall  proper. 

Examples  of  Damage  by  Wave  Action.— Both  A.  E 
and  Prof.  E.  R.  Matthews  in  their  works  give  interesting  rec- 
ords of  damage  by  wave  action,  and  cite  extraordinary  oc- 
currences in  respect  of  excessive  weights  moved,  particularly 
in  respect  of  damages  to  harbor  works  in  the  North  of  Scot- 
land. One  of  the  most  remarkable  effects  noted  by  the 
author  was  on  the  South  Breakwater,  Dover,  when  under 
construction  in  1006.  Concrete  blocks  were  stacked  by  gantry 
cranes  along  the  surface  of  the  breakwater  where  it  had 
been  completed  to  formation  level.  In  a  very  heavy  storm 
in  November  of  that  year  high  waves  broke  over  this  break- 
water and  actually  shifted  these  blocks  where  stacked  three 
deep,  thus  moving  a  column  of  concrete  120  tons  in  weight. 
These  concrete  blocks  would  have  been  swept  right  over  the 
breakwater  had  they  not  encountered  a  quite  unintentional 
barrier.  Down  the  center  of  the  breakwater,  which  was  45 
ft.  wide,  the  contractor  had  laid  a  track  of  flat  bottomed 
rails  temporarily  secured  by  jag  bolts  grouted  into  the  per- 
manent work.  The  movement  of  these  large  stacks  of  blocks 
was  arrested  by  these  rails,  and,  although  the  track  and 
rails  were  twisted,  the  fishplates  fortunately  held  and  this 
prevented  a  disaster,  which  would  have  delayed  the  construc- 
tion of  the  breakwater  for  many  months,  as  the  blocks  would 
have  been  thrown  landwords  against  the  contractor's  false- 
works, which  they  would  undoubtedly  have   damaged. 

In  a  paper  read  by  A.  E.  Carey  before  the  Society  of  Arts 
in  1907  an  original  photograph  of  this  occurrence  was  repro- 
duced. The  above  case  of  wave  action  has  been  referred  to 
at  length,  as  it  is  probably  the  most  reliable  record  of  an 
excessive  weight  moved  by  the  action  of  the  sea  well  above 
high-water  mark. 

Velocity  of  Waves.— The  late  C.  F.  Vernon-Harcourt  deals 


with   I  i|    vertical  oscillation   in   his   book  on   "Har- 

bors and  Docks,"  bul  there  is  some  doubt  whether  the  gi 

I  waves  can  be  affected  by  wind  without  a  definite  for- 
ward motion  being  imparted  to  the  particles  of  water.  There 
is,  however,  a  valuable  paragraph  on  the  velocity  of  waves, 
and   "  \ir\V   in\  estl  l  to  it 

would  appear  that  the  velocitj  while  Increasing 

with  its  length  ii.  e..  from  cresl  to  ci 
the   depth   of  the  water,   but    t 

depth    th.-   velocity  ceases  to  be   aft.  There   is 

"ti  of  hi.  as  as  to  i\  hat  is  meant  by  I 

of  waves.     Such   velocities  havi 

pn    .tit  not  forward  but  the 

period   of  undulation   divided    into  the   wave   li  Dgth,  and  this 

Dot    appear   to   be   a   measure   of  velocity  at   till.     For 
wave,  w  aicn   really  doi 

by  itself  at  ali.  would  not  be  capable  of  doins  any 
material  damage  to  marine  works  by  din  and  the 

aid  then  merely  have  to  legislate  for  the  simple 
hydrostatic  pressures  caused  by  the  undulation.  This  is 
fairly  evident  by  the  breaking  of  wa  the  ^ide  of  a 

large  ship  .after  the  aerial  storm  has  abated.  The  real 
physical  condition  of  m;<st  waves  probably  lies  in  a  combina- 
tion el  ■  l,Jlo  jt  may 
safely  be  said  that  the  civil  engineer  has  .  to  deal  with 
the  wave  of  translation.  rcourt  deals  exhaustively 
with  the  subject  and  perhaps  unconsciously  has  thrown  a 
good  deal  of  light  on  the  use  of  the  e,"  and  from 
the  information  he  gives  it  is  clear  thai  .ves  of 
translation  in  a  dei  ,me  difficulty 
in  directly  measuring  th^  for,,.  ,,i  the  waves  by  means  of  a 

dynomometer  which,   by  reason   of  tie-  function    it   has   i 
form,  has  to  be  heavily  (oust- 
ing   plane    designed    to    travel:    this    plan.,    has    consid 
in.  rtia.  and  the  en  ,,.,  obviously 

There   is   room   for   further  experin  bably 

a  purely  hydraulic  gauge  could   I 

Force  of  Wave  Action.  .Many  texl  books  recite  tit  length 
instanci  s  of  the  intensi    I  i  I  ion,  but  tie'  i 

riable  and  conditions  so  different  that  they  cannot  really 
form   the    'iasis    of   any   calculation    i  \s.    however, 

is  definite  evidence  of  masonry  masses  of  ovel 
tens  being  moved  by  wave  action,  historical  .lata  is  of  value 
as  indicating  the  importance  of  securing  the  most  rigid  struc- 
ture possible  and  ensuring  perfect  joints  between  the  com- 
ponent parts  of  masonry  or  concrete  works.  These  require- 
ments (till  for  the  most  careful  specification  and  supervision, 
which  is  more  than  ever  required  in  the  case  of  monolithic 
concrete  structures  where  a  bad  "bond"  between  old  and 
tew    work  is  a  real  source  of  danger. 

What  may  be  classed  as  the  free  tidal  wave  is  really  of 
little  practical  importance  and  can  best  be  regarded  as  the 
phenomenon  which  would  occur  on  the  normal  diurnal  tides 
provided  there  were  no  storm  disturbances  anywhere  on  the 
world's  surface.  Under  such  conditions  the  only  physical 
■  ould  be  a  slow  rise  and  fall  in  water  level  increasing 
through  constrictions  and  in  estuaries.  Directly  the  first 
effect  of  land  constriction  is  felt  the  oscillatory  motion  of  a 
tidal  wave  becomes  partially  translatory.  but  more  in  the 
sense  of  a  "current"  than  a  wave.  This  statement  is  not 
universally  true,  as  the  tidal  waves  in  certain  rases  become 
held  back  and.  suddenly  advancing,  cause  a  "bore  wave." 
which  is.  of  course,  capable  of  damaging  effect,  as.  for 
example,  in  the  case  of  the  River  Severn.  It  must  be  made 
clear,  however,  that  these  tidal  waves  cause  normal  hy- 
draulic curri  to  the  ordinary  hydraulic  laws,  but 
ause  no  damage  beyond  that  resulting  from  the  scour- 
ing currents  produced  (the  few  isolal  bore  waves 
excepted). 

On  the  cycle  of  tidal  waves  are  superimposed  the  wind 
waves  and  these  comprise  an  entirely  different  series  and  have 
definite  damaging  effects  as  previously  cited.  By  virtue  of 
the  fact  that  wind  waves  are  not  simply  oscillatory,  their 
"range"  is  determined  by  the  force  of  the  wind  and  the 
condition  of  the  tidal  waves  on  which  they  are  superimposed. 
The  depths  of  water  also  effect  these  waves  and  they  are  the 
class  of  waves  which  may  frequently  be  seen  breaking  on 
the  coastline  during  storms.  The  after-storm  wave  is  sub- 
stantially of  a  different  character,  but  it  is  the  same  class 
of  wave  altered  only  as  to  condition.  The  alteration  is  prin- 
cipally due  to  the  fact  that  the  sub-surface  velocity  has  be- 
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igher  than  thi   surface  velocity,  creating  «  hal  ia  known 
'in.!  Bwell"  prei  lously  referred  t.. 
dmore  deals  in  some  detail  with   the  Bubjecl   ol   tidal 
In  his  book,  and  W    P    -  abovi 

view,  considers  thai  true  tidal  waves  do  "break"  on  thi 

■  <  en  w  hen  there  Is  uo  « Ind,  but  the  author  Is  ol  opinion 
that   this   would   not   occur  it  still  conditions  existed   simul- 
islj    throughout   tbe   world      Mr.   Wheeler  further  con- 
i  the  wind  wave  to  I"'  entirely  undulatorj 
nol  admit  ol  any  forward  effect  being  produced  until 
wave  n  ached  shoal   watt 

Compressed  Air  as  Wave   Reducing  Agent.      In   reel  nl   years 

Philip    Brasher    ha-    successfully    experimented    with 
pressed  air  as  a  wave  reducing  agent,  and  several  ol  his  In- 
stallations has.'  been  pul  down  in  the  1  nlted  States,     H 

ined  that  by  releasing  compressed  air  from  a  perfor 
ated  pipe  line  laid  on  the  sea  iction  is  materially 

reduced.  The  author  estimates  from  the  data  supplied  him 
that  roughly  one  brake  horse-power  per  lineal  rool  of  pipe 
line  is  required  in  a  depth  of  20  Where  a  narrow 

and  dangeroua  harbor  entrance  requires  protection,  and  where 
power  is  available,  1 1 1 » •  Brashei  system  seems  worth  while 
experimenting  with,  but  otherwise  the  expenditure  of  i 

disproportionate  to  the  advantages  to  !>•■  g 


Sewage  Disposal  in  the  Tropics 

don 
An  ii  9ighl  into  the  special  problems  which  have 

to  be  faced  In  providing  up-to-date  means  ol  sewage  disposal 
in  a  tropical  country  is  furnished  bj  of  Dr.  Gilbert 

J.  Fowler,  In  which  consideration  is  given  to  the  carrying  out 
-  hi  me  for  Kuala  Lumpur,  Ipoh,  Seremban  and  Klang.  In 
the  Federated   Malay  States.     The  report    deals  broadly  with 
certain  h-ad  onditioning  the  whole  question  and  a 

number  of  recommendations  are  made  for  immediate  action. 
In  the  tirst  place,  Dr.  Fowler  urges  that  a  clear  decision 
should  be  arrived  at  as  to  the  necessity  for  a  water-carriage 
i  of  sewerage.  Objection,  he  says,  may  be  taken  on  the 
score  of  expense  and  the  lack  of  very  clear  evidence,  from 
actual  vital  statistics,  of  the  sanitary  benefits  to  be  obtained, 
but  his  personal  view  is  that  it  is  an  in<  vitable  d<  mand  based 
on   the  natural   desire   tot  i  leanliness   and   amenity 

which   accompanies  a   higher  standard   of  living.     In   all  the 
four  towns  which   he  has  visited   modern  conditions  of  life 
is  a   growing  percentage  of  pleasant  resi- 
dential bungalows,  the  life  in  which  is  impaired  by  the  primi- 
tive method-  disposal   in   use,   which   are  often  in- 
688  sanitary  than  those  employe. 1  in  the  town  areas.    In 
provided   a  em   .  an  be  devised 
which  may  be  relied  upon  to  function   satisfactorily,  the  rapid 
removal  of  excreta  and  other  noxious  material  from  the  vicin- 
ity of  houses  is  manifestly  greatly  to  be  d< 

Water   Supply,  -in.    Fowler   stat.-    thai    in   all    the   towns 
which  he  visited  the  water  supply  appears  to  be  ample  or  can 

i  is  derived  from 
mount  Impounded  to  a  -'teater  or  less  extent.     It 

El    and  from  appearance  should  be  of  a  high  stand- 
ard of  purity  needing  only  to  be  filtered  through  a  shallow 
if  sand  to  remove 

'      ■       With     He 

•■  thai  it  is  highly  desirable  thai  regular  analyses,  and 
icteriological   examinations  should   be   mai 
■1  pollution  due  ti  ot  onditions 

may  be  quickly  detected  and 
uatini  - ...  ui Ten,  , 

Although  the  towns  are  thus  fortunate  in  having  an  ample 
suppl 

ition  works,  be  makes  it  clear  thai  every  care  should 
in  ensure  economy  In  thi  ter  If 

carriag  Experience 

own  that,  m  I   precaution  treat 

•     •      1th  in  the  Federated  Malay  states,     in  this 
connection  he  points  out 
as  far  tor  the 

adoption  of  special  devices  to  prevent  the  running  to  waste 
of  water  fr. 

■   for  bathln 
Character  of  Rivers.     1 


lei    has  seei  imewhat  shallow    sti 

Mowing  rapidly  In  tortuous  channels  and  bearing  a  heav; 
burden  ol  silt  from  the  I  in  mining  areas. 

Little   information,  he  States,  exists  as   to  the  sell-purifying 

ol   these  rivers   in  the  event  of  sewage  or  sewage  ef- 

liu.nt    being  turned  Into  them   In  quantity.     Rivers   such  as 

in  China,  the  silt   In  which  is  derived   mainly   from  the 

washin  i  iltui  il  have,  he  continues,  a  i  emark- 

able  powi  r  of  oxidizing  ami  Bewage  which  may  be  turned  into 

ill.  m   owing   to  tl i   abundance   of   the   necessary 

OXidizil  but,  1  it   is  by  no  means  necessarily 

•  ■  that   Malayan  rivers,  originating  as  mountain  streams 

and  receiving  in  their  course  debris  "i   the  mm   mines    have 
such  purifying  power,  although  their  rapidity  of  Bi 
sufficient  mechanically  u,  remove  much  waste  mattei 

writer  of  the  report  observes  that  a  question  upon 
which  information  is  needed  is  tin  effect  of  the  discharge  of 
sewagt    or    •  |,  posit  of  the  finer 

portions   ot  sip    in   the   river      "Experience   has  shown."  he 

a. Mm, m    o  I  a   -ill  laden    water  tends 

ll    ol    ii..      i  n,     m;i        This    will    prohal.l>    he 

Ij    Hi-   case   with    Malayan    rivrs   tie-    waler   in    which 

is   very      nit        \n\    disturb] of   the   saline    content    is   thus 

the  more  likel  depi  sition  ot  line  ,  olloldi 

1  ov  lei    i-as  ii  ui  nee   In   connection   with 

the    deposition    of    tin    slim.-    in    I  ornwall.    and    he    thinks    it 

highly  probable  thai  mui  h                     waste  in  Malayan  rivers, 
mdition  of  tin                   tig  such  as  is  described,  lie  con- 
sider:  th  ire  is  no  likelihood  of  their  b  is  sources  of 
oi   drinking  purpo  i         ["he  ■.•ssit>   tor  puri- 
fying  sev  ige  in  th.    ,  .1,  n-     equired   where  the  puritj 
wa'er  supplj   has  t,    \                                   n0|  therefore 
and  rue  treatment  adopted  need  only  he  sufficient  to  prevent 
r,  and  to  conserve  as  much  as 
possible   ui'   the   iiiiniin.il    •.,,.        ni    the   sewage   for  the   land. 

Power  Resources.  In  several  cases  it  will  be  necessary  to 
pump  portions  at  any  rate  oi  He1  sewage.  In  tropical  coun- 
tries i>  ry  to  provide  sewer  gradients  giving 
as  high  a  velocity  as  possible  to  .'■  >id  local  deposits  ami  con- 
sequent fermentation  and  nuisance.  In  consequence,  says 
Dr.  Fowhr.  there  should  he  no  inducement  to  mis 
gradients  through  fear  of  tin  expense  of  pumping,  For  all 
these  reasons,  be  thlnl  i  ti j  itions  which  are  in  hand 
with  the  object  of  provid  hydroelectric  power  are 
to  hi  eli  cued.  Meanwhile,  pending  provision  ot  hydro-elec- 
tric power,  he  regards  it  as  probable  that  some  form  of  oil 
engine  will   be   the   best                       power   to  adopt,   it 

ary,  e.  g..  in  the  case  of  pumping  storm  water,  that 
the  power  available  should  1"  capable  of  being  brought  into 
action  without  any  delay. 

Dr.   Fowler  next   point-  oul   that,   in   considering  both   the 
dimensions  and   charactei    of  thi  to  be  provide, 

the  method  of  treatment  to  be  adopted  for  the  purification  of 
the  sewage,  it  is  necessarj  to  decidi  exactly  what  material 
shouhi    I  6    into   the   s.wers.      In   this   connection    lai 

town   areas,  Hu   bungalow   anas,  and   (c)   "kampong" 
are  considered  in  turn. 

Sewrage   for  Town    Areas.     The  author   of   the   repo 
marks  thai   it   would  be  satisft  the  poinl   ol 

in  cost   ;t  only  exct  illage"   ii    e.,  urine  and  liquid 

from  kitchen,  etc  I,  could  he  received  into  the  s.wers 
in  he  constructed.    This,  i  to  be  impi 

in  many  cases,  at  any  rate   in  the  town  are!  I  leaning 

•  tables  is  carried  out    in  the  backyards  of  the  house-   in 

thi    I,  an  areas,  and  it  does  not  seem  practicable  to  avoid  the 

'  i  the  sew.  r  ol   I  he  rain  water  falling  on  this  hack- 
j  anl  area.    H  rery  effort  should  be 

to   minimize   the   amount    ol    rain    water  thus   adi 
so  as  to  keep  the  si/,   ol  tin     ewers  within  reasonable  dimen- 
sions. 

.ui. I  he  as  nearl)  as  p, 
known  as  the  separate    ystem.    in  order  to  obviate 
th.    necessity  of  a  Bushing  cistern  to  every  I se,  with  con- 
probable  waste  ol    watei    owing  to  mishandlln 

that     -mall     groups    of    houses     inc. 

ti  cated  as  elei 

buckets  are  now    placed   bi 
by   a   commoi  i  epl    s '    'be   privy 

l  i  in  Ided,     This  dashing  chan- 
nel won  calls    by  a   power!  il 

mi   a  cistern  which  would  be  sub]  id  in  regular  official 
Miinois  would   1"'  connected  to  the 


:i< .  i  iny   and   '  'onti  •    March   29,    ' 


313 


proper  through  a  lai 
mesh   sufficient   to  retain  articles  likely  to  bloc! 
The  foul  water  From  the  kitchen  and  bai  kyi  rd     would  entei 
the  sewer  al   the  same  point,  having   pas  sd   thi 
iiicsin  d   grid   6i     let  e  countersunk   in  I 
the  yard. 

in  viru   in  Budden  tropical  Bhovi  irs    »  d 
run  i'ii  from  backyai  I      ton rerflows  would  have  to  be  pro- 
vided nt  suitable  Intervals  from  the  sew 

lilies.     \i     u  i'  erflovi s 

it  might    be  well  to  Insert  silt  traps  of  ample  dirnen   ia 
Intercept    sand  and   other  debris,  although    i         iccessitj    foi 

■ leai   as  in   I  ndia    ivhei 

Band  was  used  for  cleaning   bras     vessels  and  coo   I  I 

Di     Fowler  proposes  thai   the   present    public   drj    latrines 

possible   mome 

water-carriage    latrines,    as    the    present 
hardlj  help  being  extremely  offensive      !  '  b  public 

water-flushed  latrines  will,  he  remarks,  aci      torn  the  people 
to  the  use  of  water-carriage.     Moreover,  pending  a  complete 

dump-hole  might    be  provided   i nnection   with 

such    latrines    through    which    the    contents   ol    the    present 
buckets  might  be  discharged  into  the  sewers  together  with  an 

ample   flush    of  watei       The     result   of  this    would    iat    thi 

expense   of  carting    the  buckets  long   distances    with 
tensive  accompaniments  would  be  reduced 

Bungalow   Areas.  -It    appears   to   Dr.    Fowler   that    the    COD 

nection    of    bungalows    to    the   Bewers   and    the    provisi 

modern  sanitary  equipment  is  quite  practi  able  where  the 
distance  between  bungalows  'lees  not  exceed  100  yards.  This 
might  in  taken  roughly  as  the  economic  limit,  with,  of  course, 
necessarj  exceptions.  In  other  cases  somi  pecial  mi  ins  of 
treatment  of  the  sewage  either  by  a  small  septic  tank  or  other 
device  might  properly  be  adopted.  In  many  cases  it  would 
Bible  to  eliminate  bath  water  which  is  only  slightly 
polluted  and  also  the  greater  part  of  the  root  water  from  the 
in  i1  :ase  of  bungalows  and  admit  only  excreta  and 
sulla  ge. 

"Kampong"  Areas. — Dr.  Fowler  has  examined  a  number  of 
these  in  the  vicinity  of  lpoh  and  while  Isolated  habitations! 
surrounded  by  jungle  do  not  appear  to  require  much  ait. in 
tion,  their  various  waste  products  being  inoffensively  disposed 
of  in  natural  ways,  yet  in  more  closely  packed  collections  of 
.Malay  dwellings  offensive  conditions  arise.  The  onlj  prac- 
ticable remedy  in  such  circumstances  appears  to  he  the  pro- 
vision of  buckets  which  may  be  systematically  collected  and 
the  contents  "dumped"  into  the  nearest  sewer,  the  sullage 
being  drained  off  into  various  natural  ditches  as  at   present. 

The  report  suggests  that  the  problems  presented  by  "Kane 
pong"  areas  might   well  receive  the   special  attention 
town   planner. 

Treatment  of  Sewage. — Dr.  Fowler  has  no  hesitation  in  rec- 
ommending that  wherever  possible  the  activated  sludge 
method  of  purifying  sewage  should  be  adopted  "as  it  is  the 
only   d  i  r  than  sewage  farming  which   permits   the 

conservation   of  the  nitrogen  in  the  sewage." 

The  Singapore  Commission,  he  observes,  recommends 
sewage  farms,  "but  the  difficulty  about  these,  as  ordinarily 
conducted,  in  any  countries  but  those  deficient  in  water,  is 
that  in  order  to  bring  enough  fertilizing  elements  to  the  soil, 
more  water  has  to  be  added  than  the  soil  needs,  and  so  un- 
actory  and  swampy  conditions  arise  and  there  is  con- 
siderabli    risk   of   nuisance,  as   well   as   loss   of  nitrogen." 

TJ s(  of  sewerage  and  sewage  disposal  works  for  a  total 

)  I Pie,  which  is  roughly  the  population  of  the  four 

rned,  is  put  at    £1,500,000,  equal  to    £6  per  head. 


Early   Reinforced   Concrete    Bridges   in   Great   Britain 

first  ferro-concrete  bridge  in   England   was   built   in   II or 

the   Hampshire  County  Council.     The   bridge   in   question    is 
one  on  a  county  highway  at  Chewton,  near  Alton.    After  sev- 
eral bridges  had  been  constructed  in  England,  the  first  struc 
ture  of  the  kind  in  Scotland  was  built  in  1903.     Situal 
the  property  of  the  Dundee  Harbor  Trust,  this  bridge  i 
railway  as   well   as   road  traffic  and   therefore   may    bi 
as   the   first   ferro-concrete   railway    bridge    ia    i; 
In  1905  the  first  ferro-concrete  viaduct  in  Ireland  was  erected. 
Although  last   of  the  divisions  of  the  kingdom  to  commence 
concrete  bridge  building,  Wales  has   now   an   excellent 
series  of  Hennebique  bridges.     The   first   works  of  the   kind 
were  two  small  highway  bridges  at  Wyddgryg  and  Glanyraf- 
onddu.  built  in  1907.— From  Ferro-Concrete,   London. 


Advantages  of  Railway  Electrification 

Bj    VINCENT  RAVEN. 

•  .  i     i  Paper  Ri 

Befon  rth-1  Englneei 

The   paper  deals   generally    with     on thi    advantages 

i    uii   1 1 the  substitul 

ii,    with     ipi  m  •     to   expi 

ained  on  the  North  Eastern  Railway. 

The    mechanical    disadvantai        o     thi       team    loco 

may   brieflj    be   summarized   as  follows: 

'rin   locomol  ive  being  a  compli   e  in  nit  it     powei 

cannot   be  greater  than  the  capacity   oi   the  boiler. 
To  Increase  I  he  boiler  capacity  obviousi;    impii 

iions   and    weight,    but  Ii    of  Which 

rd  to  clearances  and  strer   I n  of  bridge  structures. 

It  is  known  that  on  man}   railways  in  Britain  the  limit  of 

'  ■  i;  in    ha  •    1"  i  n    ri  ai  bed.   anil    furtle  i    i  ipi 

is  only  possible  at   enormous  expense. 

The  boiler,  cylinders,  valve  gear,  crankshafts  and  all  recip- 
rocating parts  are  costlj  to  maintain.  Turntables,  fuelling 
plant    and    water   supply   appliances   must  be   provided. 

The  cab  is  small  and  open  to  the  weather,  involving  dis- 
comfort  to  the  locomotive  crew. 

I'l,,  locomotive  radiates  heat  and  usei  coal  all  the  time 
Steam  is  up,  that  is,  during  many  hours  when  it  is  doing  no 
work  and  either  standing  by  or  coasting. 

The  wear  and  tear  of  the  locomotive  on  the  track  is  con- 
siderably increased  by  the  impossibility  of  accurately  bal- 
ancing the  reciprocating  parts. 

These  objections  do  not  apply  to  the  electric  locomotive, 
and.  in   addition,   it  possesses  the   following  advantages: 

Simplicitj    of  mechanical  construction   and   operation. 

in.  reased  power  of  acceleration. 

Higher    scheduled    speed    due    to    the    possibility    of   heavy 

li   it    period    overloads    resulting    In    more    frequent    service 

ami  increased  use  of  existing  tracks.     Uniform  turning  effort 

resulting    in    better    factor   of    adhesion    at    starting    and   on 

gradients. 

Absence  Of  all  reciprocating  movement  and  accurate  bal- 
ance of  all  rotating  parts. 

facilities  for  driving  from  either  end  of  a  locomotive. 

Accessibility  of  mechanical   and   electrical   parts. 

Better  accommodation  for  locomotive  crew  by  reason  of 
increased   cab  area   and  by  closing  in  and  heating  the  cab. 

Possibility  of  coupling  two  or  more  locomotives  together 
under   the  control  of  a   single   driver. 

To  these  must  be  added  the  electric  locomotive's  availa- 
bility for  service  at  a  moment's  notice,  as  against  the  lengthy 
processes  of  preparing  and  putting  awaj  a  steam  locomotive; 
and  the  small  amount  of  attention  needed  by  the  electric 
motor  while  in  operation,  enabling  it  to  remain  in  revenue- 
earning  service  continuously  for  at  least  20  hours  in  every  24. 

Electric  and  Steam  Locomotives  Compared.— Complete 
utilization  oi  the  electric  locomotive  can  be  obtained  by  the 
adoption  oi  a  system  of  "pooling."  In  addition  to  this,  since 
the  only  requirements  of  the  electric  locomotives  in  the  ordi- 
nary conditions  of  service  consist  of  cli  aning  and  adjust- 
ments carried  out  in  the  ordinary  routine  inspection,  it  is 
possible  when  some  occasional  derangement  of  schedule  oc- 
curs, to  keep  these  engines  in  continuous  service  for  two  or 
three  days,  by  omitting  the  cleaning  and  routine  inspection 
for  that  period,  it  should,  of  course,  be  understood  that  the 
engine  is  in  good  repair:  but  provided  this  is  the  case  there 
is  nothing  to  prevent  continuous  service.  Such  an  extension 
Of  i  lino  in  service  would  not  be  practicable  with  steam  work- 
ing. This  advantage  applies  particularly  to  the  case  of  the 
electric  shunting  locomotives,  which  are  frequently  kept  In 
service  for  six  days  continuously. 

Examples  are  given  of  such  utilization  on  the  New  York. 
New  Haven  £  Hartford  R.  R.,  and  on  the  Newport  &  Shildon 
branch  of  the  North  Eastern  Railway.  On  this  branch  the 
mileage  run  by  the  electric  engines  today  is  11C  train-miles 
per  daj  per  engine  in  traffic,  as  compared  with  55  for  the 
steam  engines  in  1914. 

The  fundamental  difference  i  'ive 

and  a  steam  engine  lies  in  the  fact  that  while  the  latter  gen- 
erates its  own  power  the  former  is  only  a  transformer  of  the 
power  which  is  generated  at  the  power  station  or  stations 
into  haulage  power  on  the  track.  One  consequence  of  this 
difference  is  that  the  working  of  a  steam  engine  depends  to 
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ii  of  the  en  'I"-  lions  one  unll  of  electricity  Is  produced  with  lese  than  2  lb. 

fire  and  the  water  level,  and  in  look  umber  ol  coal. 

mica!  pans,  and  generally  nu  car,  mi  calculations  In  tbi    case  ol   the  Ninth  Eastern   Rj 

'   oul  "f  it.    The  working  and  condition  of  an        bov>    that    as  a    remit   ol    electrification   the   w,igi the 

not  nearly  bo  dependent  upon  the  skin  coal  that   would  !  burned  In  the  modern 

isistant     Pull  ways  avail-  electric  power  station  from  which  energj   would  be  taken  for 

w  orklng   the  trafDi    elect]  n    more  than    10 

- ilj  limited  by  the  Initial  design  of  the  electrical  per  i  ent  of  the  weight  o  on  Bteam  loco- 

•  nt  and  by  the  mechanical   ci  motives  to  do  the  Bfume  work.    On  this  basis,  if  we  take  the 

North    Eastern   coal  consumption   In    1919    (921,480   tonB)    we 

the  full  power  tor  th>   sake  ol  nursing  the  And  thai  if  electric  working  were  tor  Bteam  there 

and  all  trains  within  the  limit  of  load  for  which  the  locomotive  would  be  a   saving  ol    i  pel    annum,  and  a 

hauled  up  the  maximum  gradient  at   full  furthi  rould   be   effected   du<    to   the   fact   that    the 

it   Is  evident,  too,  that  the  ovi  Ity  ftde  fuel  would  bi  Ij    cheaper  than  the  high- 

•  Ion  or  stations  will  be  ••  thai 

ler  mounted  on  a  steam  locomotive,  and         The  author  enumerati  i  electric  oper- 

n   practice  only  ation,    inch  •    Btand-by    losses,   Bavlng 

limited  t  follows  that  an  electrii   I motive  In  transport   ol    fuel,  regenei  and   reduction   In 

ii, ni.    That  cost    oi    repairs   and    maintenance      In    Bupporl    of   the    last 

that  provided  the  irk  performed  does  not  claim  he  ipiotrs  figurei   given  b)    tfi     \  America 

-, iotlvi    ,va     di    Igned,  the  work  In    1920,   and   also   gives    the    following   comparl 

rl  periods,  be  greatlj  in  excess  of  the  aver-  which  bad  been  got  out  roi   i1:,-  Newport  and  Shildon  branch 

■  ilt  of  this  is  that  thi    spei  I,   ivhei  ol   thi    North   Ea 
gradient,  can  be  much   greater   with  an  electric   locomi  ••..-! 

Lh   a   steam   locomotive  of  the  same   nominal   ho  Bn   »$*_ 

rtra  work  done  by  the  former  is  compen-  £•   s.  d.     E.  s.  .rs.    d. 

the  light  duty  during  periods  of  running  on  the 

■  :  on  falling  gradients  when  the  motors  have  time  to  Steam,  freight.633 16   2    «34    I 

cool  down.  Electrii  98    9    9_258    5_1  10,101     1.816 

With  electric  working  the   general   avei  ige  nr  _        :>  . 

considerably  increased  without  any  increase  In  the  maximum  Water  Power  Development  in  Switzerland 

speed.     It  irakii  Switzerland  is  now  using  her  utmo  I   endeavor  to  develop 

cilitJes  permit,  this  i  ivi    oper-  her  immense  resources  In  water  power,  which  are  officially 

ation  would  all  trains  to  travel  at  an  average  speed  estimated  to  contain  a  capacits   ol    1,000, ill'.     According 

more  nearly  approa  ramc.    The  result  to  tin-  British   Department   ol   Overseas  Trade,  i ih   ,,i 

of  this  would    ■■    a  more  regular  flow  of  traffic  over  the  lino  this  energy  is  obtainabli    from  the  rivers,  and  tin-  remainder 

sitj   for  side  tracking  the  goods  trains  to  allow  from  the  lakes  and  streams  ii    the  mountains.     At  thi 

vould  i„-  reduced.    H  is  a  fact  that  nlng  of  1921  a  total  of  171    rorl      (of  ovei    i '.)  bad  been 

a  high   general   average   speed   ol    tra  a   the   total  erected,  or  were  in  pi t  erection,  while  190  work-   (ol 

capacity   of  the   line.  over  1,000  II. I'. i   had   reci  ived    or  bad  applied  for.  the  neces- 

Increa  speed  of  travel  and  better  traffic  working  sary    authorization    for    construction.      The    following    table 

pon  electrification,  which  may  avoid  the  necessity  supplies  certain  Important  data   with  regard  to  both  groups: 
of  Incurring   large   capital   outlay,   for  additional   track  eon-  built 

struction    and    other    work.  ■]M'"'~  ;,"f   v 

_      _  over  500    II  I    '       t, It  P.l* 

Savings  Effected  by  Electric  Operation.     Sir  \  incent  Raven  Number  of  works  171 

if  savings  which  electrification  would  effect  UUlisaWe  acoumulatlon    (In   cubic      H7790(W0  .,  „, 

on   an   existing    sream   railway.   250   miles   single   track,   which  Minimum  energy  "(net) '.'.'.'.'.'.'. .....  i',352',550 

now   been    decided    to   electrify.      Apart    from    obviating  Maximum  energy  (neO 1.B87.770  4.. ',27. Kin 

,      ,  , .  ..  ,  Annual   energy    production    in    mil- 

considf-rable  track  doubling  and  nev  are  shown  lion  kw   hrs io,9S6 

,  unt    to    a     reduction     In     the    annual    train    mileage    Of  Accumulation    energy    capacity    In  .,..,.  ,  -.,  ,,. 

ds  .rains,  of  about  25  per  cent  tor  the  same  total  m""on  kw-  hrs 315'030  '    " 

imi    time  the  average     peed  oi  travel  'For  which  authorisatloi   • r  applied  for. 

would   be   increased,   the    total    time   tor   the   double   journey  Among  the  power  stations   already   built,   or  building,   are 

being  reduced  from  about  56  hours  to  26.    The  saving  In  uev,  ave   with  from  60,000  to  68, H.P.;    one  of  52,000;   one  of 

cars    dm-   to  this   acceleration   of    service    was   estimated   to  48.600;  three  of  45,000;  one  of  12,000;  one  of  lu.SOO;  and  ten 

to  approximately  42,340-ton   ens.  or   the  equivalent,  of  from  20,000  to  32.6nu;  among  the  projected  stations  are  15 

On  the  Chicago.   Milwaukee  \-   St.   Paul   Ry.,  Mr.  Beeukes.  of  from  60,000  to  200, and  11  □ ol  50, to  66, H.P. 

the   electrical   engim  timated   from    actual   records  There  are  now  is  large   ii.  ,  .  from   20, I   to  72,000   H.P.) 

that  electrification  has  enabled  about   10  per  cent  more  tonnage  power  stations   In  operation,   and    the   sole   obstacle    to    the 

•  alt   with  in  about   SO  per  cent   ol   thi    time  formerly  rapid  execution  of  the  bulk  ol  the  numerous  schemes  is  the 

required   under   Bteam   operation,   whicl  an   effective  dearth  of  capital     At  the  pn    ent  time  about  26  per  cent  of 

cttj   ,'i   the  line  d  ion  ot  the   estimated    water   powei  ind    have 

been  turned  to  account     on  Jan.  I,   1914,  the  power  utilized 

Further  i  cted  by  electric  operation  are  those  was   officially   estimated   at    approximately (or    12% 

ibolition  ol  coaling  stations,  water  troughs  per  cent)     at  the  beginning  ol    1920  there  were  in  co 

the  time  and   lahoi    which   these   entail  construction  eight  works  with  ,,f  400.000  H.P. 

i  engine.  

adered    possible   by   the  Engineering    Council    for    Australia.     A    conference    of    the 

adoption  of  electric  workin  I     titute  of  Engineers   (Au  tralii  i  (  bemical 

otive  Institute,  and  the    Australian  Institute  of    Mining  and   Metal- 
meed       \p<  i  decided  to  form  thi    "Federal  Engineering  I 

d  Idle  time  the  n  vhich  Australia,"    with    headquarters    at    Sydnej       Subject    to    the 

Introduced  dui    to  the  very  unanimous  approval  ol  all  tin    constituent  bodies  othi 

mbustion  of  the  fuel  that  can  be  ob  eral  Institutions  ma]  be  admitted  to  membership.    Thi 
,,i   modern,.  oi    Ider  and  act  upon  ail  matters  of  common  concern  to 

I  on  in, livid-  the  ii  clinical  profi     Ion  irdinate  tl 

In  fuel  is  all  the  bodies  represented  In  regard  to  questions  of  national 

,  ,i   .    neral  Importam  ■  to   ha>  •    no  Juris- 

etlon  ovei   the  lnt<  mi  i  onstituent  body,  but 

i:]  t  bj  the  wii,,'. 

i  :  C(    i    lilu,  lit    bodies   are    to    be    adopted    by   all    Of   them       Times 
7  lb.   ol  Ing    Supplement.   London. 

. 
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Repairing    Viaduct    and    Canal  in    France 

With  Cement  Gun 

The  repairing  of  a  long  ma  o  ■  Paris- 
Orleans  K>  .ii  La  Bouzanne  in  the  center  "i  Franc.',  by 
the  cement  gun  method,  involved  Inl  iri  some 
of  which  are  shown  in  the  accompai  •■  Sum.' 


■**  mite  1 

BA^^hkSw^              flB 

Rolling    Scaffold    Used 


Dn    La    Bouzar 


portions  of  the  arches  were  badly  disintegrated.  Tin 
had  worked  out  and  the  limestone  had  been  damaged  b  thi 
frost.  Some  boles  bad  a  width  of  3  ft.  and  a  depth  of  it  In. 
to  16  in.  One  gun  was  used  on  the  repair  work.  Air  was  fur- 
nished by  an  8  by  8  in.  compressor,  driven  by  a  gasoline  engine 
which  was  placed  at  one  end  of  the  viaduct.  The  water  was 
delivered  under  compressed  air  pressure  from  a  tank.  An 
interesting  feature  of  the  work  was  the  use  of  a  rolling 
scaffold  which  had  sufficient  clearance  to  allow  trains  to  pass 
under  it  on  the  tracks.  A  platform  supported  by  the  scaffold 
permitted  the  workmen  to  reach  all  the  parts  of  the  arches. 


A  reinforcement  was  put  in  the  dei  per  boles;  V4  In.  round  bars 
were  placed  in  holes  drilled  with  a  jackhammer  and  supported 
an  additional   reinforcement  according    to  the   needs. 

The    other     illustrations     show     a     cement     gun     outfit    on 
under    tb<  service   des 

This  outfit  or  i  epaii  Inf 

walls,   old   lock    walls,   etc. 


The    Revised    British    Standard    Steel    Beam    and 

Channel  Sections 

Prom   the   Engin.  e\  lew 

The  mathematical  properties  of  the  Revised  standard  Beam 
and  Channel  Sections  have  now  been  published  by  the  British 
Engineering  standards  Association,    n  tre  obtainable 

at   l  shilling  net,  the  publishers   being   Crosbj    i.mkwood  & 
Son,  of  Stationers'  Hall  Court,  London. 

One  of  the  striking  features  of  the  new  list,  and   on< 
think,   that    will   be   of   great    value    in    extending   the   use   of 
British   structural  sections  for  foreign   markets,   is   the  inclu- 
sion of  tables  showing  the  metric  equivalents  for  the  d 
sions  and  properties  of  all  the  sections. 

As  we  have  previously  indicated,  the  beam-  have  been 
divided  into  two  branches— girdi  and  heavy  i 

and  pillars;   and  American  practice  has  been  followed  to  the 
extent  of  employing  regular  increments  in  weights  per  foot. 

It  may  be  interesting  to  see  to  what  extent  the  simple  rule 
for  approximate  modulus  of  section  is  true  for  the  new  girder 
sections:  the  rule  is  multiply  the  depth  in  inches  by  weight 
in  pounds  per  foot  and  divide  by  ten  to  get  the  section 
modulus.     We  then  obtain  the  following  figures: 

Appi  True 

- lulus.                modulus. 

I    lb 1.20                       l.ll 

1        ■    1    ,     ■      5    lb 2  00                         1  83 

4'_.  X  2       X     !    lb 3.15                         2  96 

5  •■    .  ■'.           Mb      I                              4.36 

6  ■    12    lb 7.0 

7  X  3%    •    15    lb 10.5 

8X4        <  18    lb Ill 

9X4        <  2]     lb 18.0 

10      X   t1  ■•        25    lb     25.0                         24  5 

12  X  5       X  30    lb 

13  X  5       ■    35    lb 

14  X  5>  'i  

L5  I  15    lb 

I    lb SO  0                       77  :: 

l'o 99  0 

Prom  this  it  is  clear  that  on  occasions  when  one  has  not 
access  to  the  tables  the  approximate  rule  is  sufficiently 
accurate  for  most  purposes. 

We  may  compare  the  relative  efficiencies  of  beam  sections 
of  the  same  depth  by  finding  the  section  modulus  per  unit 
of  area;  as.  however,  the  area  is  proportional  to  the  weight 
per  foot  and  the  section  modulus  bears  approximately  the 
same  relation  as  formerly  to  the  weight  per  foot  for  the  same 
depth,  we  shall  not  expect  to  find  much  difference  in  the 
efficiencies. 

One  feature  of  the  tabulated  values  of  properties  upon 
which  comment  may  be  made,  is  that  some  of  them  are  given 
to  seven  significant  figures;  this  is  a  degree  of  accuracy  that 
it  is  impossible  to  work  to  in  practice  and  is  almost  absurd  in 
view  of  the  rolling  margin  allowed  by  the  specification. 


Repairing   Walls  of   Canal   in    France   With   Cement   Gun   Outfit. 
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Bridge  Impact  Tests  and  Allowances. 
H  \i;i;y  JOHN   FEREDAY. 

It     l£ 

which   may 
in  order  to  obtain, 
.    Formula  for  imp 
.it  ol  thOBe    • 
this  and  other  countries 
be  noted  in  ;i  brldi 

oad 

Uon  "i   thi 
I  load. 

deformation    ol   the   mi  I 

and  dynamic  live  loads. 
Rapid  application  ol  the  live  load 

the    structure    as    a 
whole  ami  those  of  its  members  pro- 
I     by     unbalanced     locomotive 
<lm  • 

K   Caused   I  tl  ark  and 

rolling  si,„  k 
-   w 

tion  of  bearings, 
'binges  of  temperature 

There   is   no   difficulty    in   recordin. 

In  a  member 
of  a  bridge  produced  during  any  instanl 
of  time  by  a  live  load.    Dead  load    1 

dating  bridges  cannot,  of  course,  be 
but  those  in  new  bridges  can 
be  recorded  during  erection,  and  it  would 
be  advisable  to  do  so  in  future  for  import- 
ant bridges,  more  particularly  for  those 
of  the  cantile'  er  tj  i"1 

In  the  subject  under  discussion  it  is  only 
-   produced    by  the  application 
of  the  live  load   with   which    we   are   con- 
cerned, but  deformation  oduced 
by  live  load  must   also  tie  taken  into  ac- 
count   in    drawing    up    a    complete    set    of 
tor  guidance   in  design,     if  a 
.    large  number  of   records   be   taken 
D    old    bridge  under   the   usual 

per  square  inch   In   any  part   is 
j  <  ble. 
Course    That    Can    Be    Followed    in    Tak- 
ing   Stress    Records. — When    taking   stress 
records    for    the    I  in    of    impact 

■     rules    applicable    to   the 
of   new    work   one   of   two   courses 
can  usually  be  followed. 

to  taki     .    very   large  num- 
ber  of    stress    records    in    many    ol 

of  a  large  number  of  typical  bridges, 
nt    kimu  ledge  of  the   sub- 
'  1    expeel    the    maximum 
square   inch,   including 
sea,    •  mploying    typical    loco- 
motives  at    various    speeds,    form    a    crawl 

maximum  si d  permissible.     |  pom 

ecords    obtained    the    result-    can    lie  I 
i   against  loaded   length   and 
eluded  in  two  cur'.  ose  ordinal 

respectively    (1)    the   maximum 
es  per  square  inch   produced 
load     for    any     loaded     li 
1   'ling    maximum    Btl 
■    Inch  produced  by  the  dynamic 
perml 

1    In  the 

I     for    any     loaded 

ire  of  "impact  effe<  I 

mpirical 
'.  Men  will  r  h 

mlssible  al- 

be  design  of 

is,    however,   thai 

iCltly   only    to 

■ 

I  iking   the 

■  li    regardlnt 

■ 

ed  during  1 1  ■   Dy  and 

■ 


It    1  1.    two 

11   the   two  1 
thai  the  points  1 
d    have   been   produced   bj    the  same 
10  of  the  locomotive  on  the  b 
In  taking  the  static  live  load 
time   would   be  shortened   11   the   so-called 

■  1  e   about    5   m.p  b  . 

en      higher     BP Is      there      is      '1 

I  le    impact    eiiei  t.      This    method    "l 

ipact    effei  1    li    ei  sentlall] 

practical    and    useful,    and    a    formula     pro 

by    11    "ill    p  ih ie   m 

until   a    more 
one  is  evolved. 
■ 

nsista  of  a  much  full 

er  analysis  of  records  in  order  to  trace  to 
their  origin  the  many  minor  curves,  which 
« hen  add.,1  Igebraically  bj   the 

stress  1  ecorders,  form  the  cun  e  givi 

an    ordinary     stress    rei  01  om    an 

these    minor   curves   to   obtain 
the  laws  governing  their  production    Manj 
re,  ords  are  verj  complicated,  and  it  would 
be  almost  Impossible  to  analyze  them,    it 
therefore,     becomes    necessary    to    obtain 
i     in  \\  hlCh  some  of  the  minor  < 
minted  and  to  obtain  other  i . 
where      vibration      curves      only      without 
t losses   are   recorded,   so   that   the 
end  frequency  of  the  curves  can  be 
accuratel]    determined. 

Effect  of  Unbalanced  Condition  of  Loco- 
motive Drive  Wheels. — Very  many  stress 
records  of  bridge  members  have  bi  en 
obtained  m  different  countries  by  the  use 
of  various  types  of  Instruments  and  the 
experience  gained  from  them  is  of  inestim- 
able value,  and  should  of  course,  be  used 
in  making  further  tests.  From  the  inves- 
tigation of  such  records  it  has  been  deter- 
mined and  is  now  accepted  by  engineers 
generally,  that  it  is  the  unbalanced  con 
d  it  ion  of  the  locomotive  driving-wheels 
"Inch  produces  the  greatest  proportion  of 
impact  effect.  The  laws  governing,  this 
effect  have  not  yet  been  definitely  formu- 
lated and  much  further  knowledge  is  nec- 
essary, which  can  be  obtained  only  by 
further 

It  is  desirable  in  such  tests  that  the 
iii  Of  the  cranks  of  the  locomotive 
driving-wheels  should  he  in  some  predeter 
mined  position  on  the  bridge,  but  this 
is  almost  impossible  to  obtain  in  pra 
and  many  runs  may  have  to  be  made  with 
the  list  train  before  the  required  position 
is  hit  upon  by  chance,  and  it  is  obvious 
that  neither  of  the  driving  cranks  may 
reach    its   lowest   position    on    a    span    whose 

length  is  less  than  three-quarters  th 
cumference   of   the   driving-wheel       Where 
however,  a  bridge  is  composed  of  a 
I] '   spans,  or  where  a  Bpan 

rail-bearers,  the  instrun 
'he   number   available   might    be   attached 

each   in  a   similar  po    itiOH   on   all   the   spans 

■  rs.   and    the   exact    positions   of 

I   by  a   mar 

matically  on  each  of  I  he  records,  bo 
ol  them  ;i 

. 

records  much  valuable  Information  would 
i tabaed,  ami  it   maj   be  possible  from 
them  to  determine  the  law.     if  qoI 

eM  more    i 
Hue  may  have  to   be   undertaken      While 

obtaining   this    law.   of   which    one    factor   Is 

the   11,  onditlon   ol    I 

tlve  driving  w  heels,  it  would  be  a,i. 

"id.    Il  .Mti    another 

tor     the     lateral     oscillation     of     the 
Otlve     producing     vibrations     ,,f     the 
Btl  UCturi  !    direction. 

Tie-  author  does  not    al  •■   an\ 

way  <■ 

. 

Ion   or  the   locomotive,   but 


seismograph     (or    bj     lemporaril.v     COD 

Ing   tii  corded   into  one  for  the 

purpose),  by  which  humus  vibrations  would 
instead  of  stresses. 
To  reduce  the  number  of  engine  runs, 
a 
inder  the  static  loads  bj  a  deflecto- 
and    from    the    record    of    such   de- 
flection   the    approximate    critical    speed 

should     be    calculated,    and     .  ! 

The  ■  ..ii   of  a    law    lor   govern- 

ing   tii  the   sudden    application 

oiling   load   to  a   bridge  can    probably 

■  detei  mini  d 
m  which  there  an-  no  reciprocating  pans 

01    in    which    they    an'    balanced.      A      • 

ide   with   an   electric   trail 

with    a    four-cylinder    locomotive    over    a 

.1    bridges    With   a    perfectly    straight 
and  even  track,  w  ould  go  very 

llsh   the   law.     Thi  produced   by 

iddt  11    applii  e    load    are. 

bow  e\  er,  n  rj   small      in  i  onducting  I 

tests  i  bridge 

should      lie     Holed. 

Recording     Instrument     Essential. — For 
carrying  out  such  tests  on  bridges  as  here 

'Hiding  instruniei 
sarily    essentia]    and    the    records    of    the 
ained   should   be  of  a   perman- 
Moreover,   the   instrui 

must   I i   a    stouter   make  than  a   labora- 

nt   in  order  to  withstand  the 
ns  to  which  bridge  w  ork 
i    by    the    passage    of   a    high 
speed   train. 

The  records  should  show   a  base  lip. 
length   and   division   of  which   should  be  a 
measure  "f  time  and  consequently  al 
measure  of  train  speed;   a  rding 

line  Should  -how  every  vibration  ol  stress, 
howev.i  caused,  including  the  more  rapid 
minor  parts  of  a  bridge.  The 
sets  oi  instruments,  including  the  del 
meter  should  all  be  capable  of  being 
synchronized,  so  that  the  records  can  all 

Lomatically      and      instantam  i 
marked    at  least  with  the  exact  time  when 
He    li    ding  axle  begins  to  effect  the  stress- 
es in  a  bridge,  and  also  when  the  last  one 
•  eases    io   ,|o   so.     The   lowest    position   of 
tin'    driving-wheel    cranks    should    also    be  | 
permanently    and    automatically    recorded  I 
i 

The  synchronization  is  very  important 
the  facility  and  celerity  with 
which  tie-  records  from  the  instruments 
can  then  be  compared,  and  the  actual 
speed  of  the  train  ascertained.  In  fact, 
the  Instruments  should  be  such  that  they 
will  record  everj   vibration  of  stress  while 

a    locomol  ii'     ,-  ii  .n  ,  iin^  ,    ;,   ft. 

span  or  a  rail  beai  er,  at  80  mile-  per  hour 
■  i  ■  |   of   t 1 1 1 1 •  ■  I . 


Selection  of  Position  for  the  Instruments 
— The  selection  of  the  positions  for  the 
instruments  is  Important,  because,  what- 
'tit  under  a  train  load  occurs 
in  a  member  of  a  bridge,  to  which  an  in- 
strumeni  ied,  that   movement  has 

to  be  ■  "ie.  ■  ■  ed   to   I  he  in  I  i  ough 

the    poll  nl,   and    iis   amount 

n  .nlv    m  similar  parts  i 

records  obtained  should 
panied   bj    verj    full    data    of    pane 
:iil'  tin-  bridge,  the  locomotii i 
□  "i   the  instrument,  tie 

of    111' 

I  e|,,l 

ill!     be    llliv.  is,,    to    predict     tie 

natui ."i         i   .  n    Bi    formula    lor   i 
but   it    w  ill   | 

tor    ;  )  pe    of    bridge    and    ol     le. 

i  he  cent  ral  deflei ' 
•     under   unit    load,   and    may   c 

laximum  speed 

11.  ed     by     en: 

•     value   for   different    types   of  I  that    little    i-    to    be    gained    by    furti 

night   be  obtaimd   by  using  a | vestigatloo     ol  n     thej 
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grounds  that  a  variation  of,  say,  i 
cent,  above  or  below  the  Pencoyd  formula 
is  insignificant  rompared  with  the  total 
of  dead  and  live  combined  with  impact  as 
given  by  that  formula;  but  this  attitude  i> 
untenable  in  a  scientific  age,  and  it  is  quite 
certain  that  if  it  were  possible  to  calcu- 
late the  maximum  Btressea  which  are  like- 
ly to  occur  in  any  part  of  a  now  bridge, 
it  would  be  permissible  to  Btress  the  ma 
terial  in  such  a  bridge  to  a  much  higher 
degree  than  is  considered,  with  our  pres- 
ent knowledge,  to  be  desirable,  thus  re- 
sulting in  an  appreciable  saving  of  ma- 
terial. 


Relation  of  Iron  Bacteria  to  Incrusta- 
tion of  Water  Pipes. 

From  The  Surveyi 

Before  the  Engineering  Section  of  the 
British  Association  meeting  at  Edinburgh. 
Dr.  David  Ellis  read  a  paper  on  the  sub- 
ject of  Iron  Bacteria  in  Relation  to  the 
Incrustation  of  Pipes,  his  remarks  being 
illustrated   by  lantern   slides. 

Iron  bacteria,  said  the  reader  of  the 
paper,  occur  normally  in  water  reser- 
voirs, and  predominate  in  the  conduits  of 
these  reservoirs.  They  do  no  harm  in  the 
sense  that  they  give  rise  to  toxic  products, 
but  occasionally  they  multiply  in  an  extra- 
ordinary manner  and  render  the  water  un- 
fit to  drink.  The  problem  of  greatest  inter- 
est to  engineers  in  this  connection,  how- 
ever, lies  in  the  gradual  diminution  in  the 
bore  of  his  pipes,  to  an  extent  which 
causes  the  flow  of  water  to  be  sensibly 
diminished.  Cases  have  been  known  in 
which  the  pipe  has  become  completely 
blocked  up.  Under  these  circumstances 
the  biologist  can  render  services  to  the 
engineer,  for  it  is  his  business  to  index 
organisms,  to  study  their  life  histories 
and  apply  his  results,  if  possible,  to  the 
elucidation  of  practical  problems.  He  him- 
self had  been  engaged  for  the  past  twelve 
-  in  studying  iron  bacteria  from  all 
parts  of  the  world,  and  had  embodied  the 
results  of  his  work  in  book  form. 

Conditions  in  Which  Iron  Bacteria  Live. 
— The  five  species  of  iron  bacteria  with 
which  the  water  engineer  should  be  either 
directly  or  indirectly  acquainted  are  Lep- 
tothrix  ochracea,  Gallionella  ferruginea. 
Cladothrix  dichotoma,  Crenothrix  polys- 
pora.  and  spirophyllum  ferruginium.  all  of 
which  were  found  in  this  country. 

Dealing  with  the  physiology  of  iron  bac- 
teria, the  author  said  that  after  its  identi- 
fication the  next  step  is  to  deal  with  the 
conditions  under  which  they  live,  so  as 
to  be  able  to  combat  at  the  source  the  evil 
results  which  are  brought  about  by  their 
multiplicatinn.  It  is  well  known  that  the 
iron  bacteria  are  saprophyrea,  and  as 
such  require  organic  food  for  their  nutri- 
ment. Therefore,  the  question  for  the 
engineer  to  determine  is  whether  the 
water  under  his  care  contains  enough 
organic  matter  to  supply  these  needs. 
The  amount  of  this  organic  matter  should 
be  determined  by  bacteriological,  not 
chemical,  analysis,  on  account  of  the 
greater  delicacy  of  the  former  method 
of  testing.  Further,  he  must  ascer- 
tain whether  the  mineral  ingredients 
in  the  water  are  such  as  to  favor 
the  growth  of  iron  bacteria.  All  or- 
ganisms require  mineral  as  well  as  or- 
ganic constituents,  but  the  nature  of  the 
minerals  required  varies  considerably  with 
different  classes  of  organisms. 

Another  fact  which  has  emerged  from 
a  study  of  the  physiology  of  the  iron  bac- 
tetia  is  that  acid  waters  are  more  favor- 
able to  the  iron  bacteria  than  alkaline 
waters  in  which  the  chief  salts  in  solution 
are  compounds  of  sodium  and  potassium. 
or  soft  siliceous  waters  such  as  are  found, 
for  example,  in  the  Manchester  water 
supplv. 


The  third  fact  is  one  the  importance  of 

which    lias    only    lately    been    realized.      It 

[S  ili.u   iron  bacteria  can.  and  do,  multiply 

•  lently    of    the    presence    of    iron. 

They    are   not    iron    bacteria    in   the   sense 

that   iron  is  a  necessary  part  of  their  food, 

but   it  they  do  multiply  in  the  presence  of 

iron    they    are    capable    of    furthering    the 

rroua  to  ferric  compounds. 

This,    however,    is    an    incidental,    and    not 

intial,    feature   in    their   metabolism. 

Problems    Resulting    from    the    Bacteria. 

With  the.-.,  three  cardinal  facts  in  mind. 
tthor    then    examined    the    different 
factors  which  interfere  with  the  free  flow 
of  water  as  reservoir,  and  also 

with  the  growth  of  the  iron  bacteria  in 
tlie  reservoir  itself.  Practical  problems 
around  four  different  kinds  of 
growths.  These  were  (1)  slimy  stream 
ers.  which  appear  on  the  walls  and  on  the 
bottom — if  the  water  is  shallow  — of  stor 
age  reservoirs.  They  are  also  found  as 
streamers  attached  to  the  internal  sur- 
tace  the  conduit  pipes:  (2)  Tubercular 
Incrustations,  which  are  nodular  excres- 
cences on  the  pipes,  and  when  they  be- 
come confluent  they  seriously  interfere 
with  the  ilow  of  water;  (3)  Iron  incrusta- 
tions on  non-ferruginous  surfaces — the 
walls  themselves  are  not  corroded  in  any 
way  am!  <  4  >  spongey  disease  of  cast- 
iron. 

As  to  the  first,  slimy  ferruginous  stream- 
ers owe  their  existence  entirely  to  the  ac- 
tivities of  iron  oacteria  and  other  organ- 
isms of  a  similar  mode  ot  life.  Oallionella 
and  spirophyllum  are  the  organisms  chief- 
ly concerned  in  the  formation  of  these 
streamers.  Although  the  amount  of  iron 
in  the  water  is  roughly  only  one  part  in 
a  million,  the  unceasing  accumulation  of 
small  amounts  ultimately  ends  in  large 
quantities  being  collected  in  the  stream- 
ers. The  mucilaginous  degeneration  of 
the  cell-walls  of  iron  bacteria  furnishes  the 
matrix  in  which  the  liberated  iron  can 
collect.  When  this  mass  of  organisms 
dies,  their  dead  bodies  furnish  an  addi- 
tional amount  of  organic  matter  to  serve 
as  the  hasis  lor  the  organic  supply  of  the 
next  generation. 

With  regard  to  the  second,  the  occur- 
rence of  ferruginous  tubercules  is  very 
common.  The  familiar  limpet-like  struc- 
tures on  the  inner  surface  of  the  iron  pipe 
are  too  familiar  to  need  description.  The 
formation  of  these  tubercules  may.  and 
does,  take  place  in  the  complete  absence 
of  the  iron  bacteria  or  any  other  organ- 
isms. The  biologist  has  to  determine 
whether  organisms  influence  the  process 
when  they  are  present.  The  formation  of 
tubercules  is  dependent  on  the  presence 
of  CO.  in  the  water.  The  influence  of  iron 
bacteria  is  thus  accelerative  rather  than 
causative,  inasmuch  as  they  enrich  the 
immediate  neighborhood  of  a  tubercule 
with  CO...  and  thus  accelerate  a  chemical 
process  which  would  take  place  in  any 
case,  even  if  the  iron  bacteria  were  absent. 
\  to  the  third  problem,  the  incrusta- 
tions that  form  on  monferruginous  sur- 
must  obviously  obtain  their  iron 
from  the  water,  and  are  entirely  due  to 
iron   bacteria. 

Remedies — Discussing  the  remedies,  it 
was  stated  that  each  water  supply  must 
be  considered  on  its  own  merits.  The 
removal  of  slimy  streamers  must  be  gov- 
erned by  our  knowledge  of  the  iron  bacter- 
ia. It  must  first  be  ascertained  that  the 
organisms  concerned  are  iron  bacteria.  If 
this  is  proved,  it  becomes  the  duty  of  the 
water  engineer  to  remove,  if  possible, 
every  factor  which  is  favorable  to  the 
life  of  such  bacteria.  The  most  obvious 
metnod  is.  of  course,  the  removal  of  or- 
ganic matter  from  the  water.  If  the  or- 
ganic matter  can  be  removed  or  oxidized, 
there  will  be  very  little  material  upon 
which  the  iron  bacteria  can  subsist.    Acid 


watel 

.o  i  .-n     is    non-acid.      The  BCt    Of 

various  mineral  salts  on  these  organisms  is 
not  yet  fully  understood,  but  anything  tend- 
ing to  reduce  the  acidity  will  also  dimin- 
ish the  power  of  the  bacteria  to  do  harm. 
In  the  past  attention  has  been  concentrat- 
ed on  the  iron  content  of  the  water,  but 
it  is  now  certain  that  the  attention  of  the 
water  engineer  should  be  concentrated  on 
the  organic  matter.  By  the  removal  of 
the  organic  matter  a  good  part  of  tie 
fending  iron  will  also  necessarily  be  re- 
moved. This  is  an  additional  reason  for 
tackling  the  question  ot  the  organic  mat- 
ter. 

There  should,  concluded  the  author,  be 
periodical  biological  as  well  as  chemical 
tests  for  water  reservoirs.  The  following 
tests  should  be  conducted  periodically: 

l  1 1  The  amount  of  organic  matter  as 
determined  by  the  number  of  bacteria  oer 
cubic  centimetre  that  the  water  can  sup- 
port. 

(2)   The  acidity  of  the  water. 

I  :  i  The  organisms  that  are  established 
in  the  reservoirs  and  conduits,  and  particu- 
larly the  iron  bacteria  that  are  normally 
present  in  the  conduits. 


How  the  Pyramids  Were  Built. 

By   S.   McPHERSOX. 
i  flu-  Quarry  Managers'   Journal. 

Broken  Stone  Roads  in  3.000  B.C.— The 
first  thing,  I  believe,  that  appealed  to  ex- 
plorers in  Egypt  in  their  endeavors  to 
Bind  out  how  the  Egyptians  were  able  to 
quarry,  dress,  ana  build  the  huge  Pyramids 
e i  Egypt,  was  the  remains  of  the  roads 
which  were  discovered.  Naturally,  roads 
capable  of  carrying  the  stones,  weighing 
many  tons,  were  an  absolute  necessity. 
"These  roads  are  constructed  original- 
ly very  much  as  our  roads  are  built  to- 
day," says  Dr.  Fisher,  of  the  University  of 
Pennsylvania.  "The  right  of  way  was 
levelled,  and  large  stones  were  packed  in. 
On  top  of  these  were  placed  layers  of 
stones  gradually  diminishing  in  size,  until 
the  fine  ground  stone  of  the  surface  was 
placed.  This  was  wetted  and  pounded, 
probably  by  hand,  until  the  top  presented 
a  smooth  surface."  Apparently  our  old 
friend  Macadam — was  not  the  inventor  of 
the  broken  stone  road  which  we  know  by 
his  name.  At  any  rate,  5,000  years  ago 
water  bound  metalled  roads  were  in  exist- 
ence  in    Egypt. 

How  the  Egyptians  Quarried  Their  Stone. 
— At  this  time  the  Egyptians  were  work- 
ing an  alabaster  quarry  at  El  Amara,  11 
miles  from  the  banks  of  the  Nile,  and  200 
miles  from  Memphis.  The  road  from  the 
quarry  to  the  river  bank  was  built  over 
hills  and  dales,  through  valleys  and  gul- 
lies: and  over  this  road  the  blocks  of  ala- 
baster was  transported  to  build  elaborate 
palaces  and  public  buildings.  Sleds  and 
man-power  with  ropes  were  the  means  of 
locomotion,  the  surface  of  the  road  being 
well  watered  all  the  time  to  make  it  slip- 
pery. 

The  quarrying  of  the  stone  was  done  by 
wooden  wedges.  So  far  as  we  know  bronze 
was  the  metal  of  which  chisels  and  drills 
were  made  with,  and  holes  having  been 
made  in  the  stone  the  wooden  wedges 
were  driven  in  at  frequent  intervals.  Soak- 
ing with  water  made  them  swell  and  split 
the  stone. 

The  blocks  of  masonry  were  aressed  by- 
bronze  chisels.  The  tempering  of  bronze 
for  tools  is  one  of  the  lost  arts.  I  believe. 

Arrived  at  the  river  bank,  the  blocks 
were  transferred  to  barges  and  poled 
down  the  river:  transferred  again  to  sleds 
and  hauled  to  the  site  of  the  building. 

Erection  Methods — Herodotus  records 
that  the  great  pyramids  at  Gizeh  took 
forty  years  to  build,  and  required  the  labor 
of  100,000  workmen.    This  is  commonly  be- 
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.it urn.  but  in  an) 

mired   in  construct   tins 

enormous   mass    of   ma  that 

■ be   most    prli 
must  have  1  ■  lat. 

The     method     used     tor     bulldini 

to  position  on  the  BmaJler  build- 

■ 

Inclined    pli  adrled 

ugh  rabble  were  used.     These 

.st  the  outer  tace  < -r  the 

wall,  as  the  wall 

temporary  structure  was  built 
I  be  top  ol  the  course,  and 
the  next  course  dragged  up  11  I 
and   so  on   till   the   lasl    course   was  laid. 
The  final  dressing  to  the  tact 

after  the)    were  bulil .   t  • 
e  lirst.  and   the  temporary  structure 
dismantled  course  bj  course,  as  the  Btone 
a  finished  the  dressing. 
In  the  interior  ol  the  building  wh< 

inns  support    thf   rool 

when  Bted     ol     drums, 

:  In  the  same  way  When,  however, 
they  consisted  ot  monoliths,  a  dl 
method  was  employed.  This  Is  vers  clear- 
ly shown  In  the  temple  ot  Kephren 
Mycerlnus  at  Qizeh.  These  were  built 
in  connect  ion  with  the  second  and  third 
pyramids   of  the  group  of   which   thi 

real  pyramid  is  the  largest  ami  old- 
est m  <i;i t •■  Hire,  in  the  outer  and  inner 
halls,  positions  of  the  various  piers  were 
first  marked  out  on  the  rock  found.it  ion 
Then  at  each  plai  I  haft  was  cut 

with  three  Bides  vertical,  the  fourth  Bide, 
always  on  the  Bide  from  which  the 
brought,  being  cut  awa 
long   -  i         roughly    squared    blocks 

for   the   pillars  were  then   dragged  on   Bled- 

i. ni  their  ends  were  over  the  shafts 
and  In  line  with  the  slope.     The  out 

block    was    then    lifted    up    with 
d    ropes   until   it    was   standing 

lly  in  the  hole.     The  slope  not  only 
made  this  labor  easier,  hut  made  the  stone 
isition  without  any  serious  jar. 
which  might  have  fractured  it.     The  shaft 
'hen    tilled    with    stones    and    debris, 
over  which   the   floor  slabs  of  same   finer 
i   were   laid. 
Methods   of  Constructing   the    Pyramids. 
— On    all    temples    tie-    roofs,    as    well   as 
the   walls    and    floors.    '  ,,,.,   and 

isition  before 
ork    was    taken    down.      All    re 
and    other    decorations    on    the    walls 
after    the    masonry    was    fully 
itlon.      In    'he    construction    of    the 
pyramid  similar  methods  were  used. 
li'i,  structure    was    solid    ma- 

sonry,   with    tie-    exception    of    the    small 
burial    chambers    in    the    center    with    the 
li  ading     to     them.       The     burial 

chamber,  which  was  sometimes  below  the 
actua  '    rock   surface,   was  con- 

Btructed    Bi   t       it!    the    pj  ramida    ot    the 

.nth      dynasty      thi-      Chamber      was 

and  roofed  with  One  masoni 
in  order  that  tin-  ■  ould  be  built  a 
square   pit   had   first   to  be  CUl    down   I 

proposed  Boor  level  of  the  chamber,  ami 

in  tin-  tli"  complete  room  was  built.  The 
n  filled  in  around  and  above 
ad    rool   of  the  chamber   with 

masonry.  The  passages  wire  begun  in  the 
loped    upward 

through    the    masonry    of   tin 

ture    worl  ntinued    pari 

buildings    of    thi-    pyramid 

a   height   or  from   200  ft. 

di    a  ed   tor  dragging 

up   thf    blc  1'    around    the   sldeB 

of    the    pyramid    itself,    spirally,    as    we 

might    say.      It    has    I n    suggested    by    a 

architect    that    tin 

I  elf,    and 

ti  r    tin-    main    ma 

i  ere  all 

finally    with    finer 

in 


from  tin-  apt  tTUCture  downward. 

completed  II  com 
tin-   Incline,  ami   a   smoothly-finished 

was  bit  behind  as  the  masons  worked 
their    way    down. 

The     Rocker    Lifting    Method.      Still     an- 
other  method   of   lifting   described   by   Dr. 
d   long   Know  n  to   i  !gj  ptoloi 
i  mi    end  ol  " 
tilted    down.     Bj    in. in-   hi    wedgee    and 

to  'in-  end  re  then 

inserted     m     the    other    end,     whicb     was 

d  dou n  by  man-power  until  thi 
had  i  high  as  possible,  w  ben 

mi  was  blocked  up      tl         hi  u-.---t.il 

that    a    falsi-   platform    "as    built    lo   take   all 

of  thi-  weight  ol 

then   became  an  easy  matter  lii  ele\    ' 

unburdened  end  of  the  rocker.  Under  the 
whole  device  was  then  constructed  a  false 
platform,  and   I  be   proi  ess   ol   rockln 

wards    was   repeated    time   and    again    until 

'  be    di  Bit  ed    height     bad     been 

While  thi  entailed   an  enormous 

amount  of  labor,  that  was  a  plentiful  com- 
modity in  Egypt   in  her  days  of  glory. 


Methods     of     Protecting     Reinforced 
Concrete  From  Marine  Deterio- 
ration. 

RANCIS   ERNEST  WENTWOB 

SHE1LDS. 
Water  and  Watei 
Our   experience   ol    n  inforced    concrete 

lor   maritimi  no"    extends   m  ,r 

us.       During    this    period,    we    have 

l.arnt    that     ibis    material    is    likely    to    be 

very  useful  to  the  harbor  engineei       Bui 
there  have  been  several   failures,  and   we 

bat  reinforced  concrete  is  mini 
liable  to  deterioration  in  and  near  sea- 
,vater  than  elsi  «  hei  e  ft  is  of  I  he  great- 
mpoi  tance  to  study  the  ■  au  -<  ol 
such  deterioration  and  how  it  may  be 
avoided. 

Nature  of  Deterioration.  Failures  in 
marine  structures  have  been  of  four 
kinds: — 

Hi  Tie    concrete  has   become  softened 
in  the  chemical  action  of  sea  water 
■  i  mi-lit  -a  i 1 1 ■  ■  1 1  it  conl 
cm  The  concrete   has   scaled  off  owing 
to  tin   action  of  frost. 

I  \\    The  concrete  has  worn  off  owing  to 

i      .1,1     torn 
ill  The  concrete  has  split  ami  crai 
owing  to  the  rusting  of  the  enclosed  steel 
.,ii,l   its  consequent  increase  [n  vo 

The    lirst    three    classes    of    failure 
,  1    COUrSe,    not    limited  i  ,!    con- 

they     are    comparatively    rare,    the 
fourth    being   the    most    common    t 
failure. 

Preventative  Measures.     1 1  i    I  hi      ill 

of   thi  I   1 1  ea    water    on 

Portland   cement   concrete   has   trequentl] 
been  discussed  in  this  institution  an,; 

and  the  \  annus  means  for  it-    pi  - 
ventlon  an-  well  known.    Generally,  it  has 
I  een  found  i  hal   ci  men!   concrete  ol 
quality  can  safely  be  used  in  salt   water, 

provided   that    it    is   made   highly   imp 
abb-. 

i  hi    -  caling  ol   i  on,  i  ete  by  frosl   is 
ou    matter  m  verj  cold  climate       I  ■ 

;n    it     tl ii,  i  ele  BhOUld   be   allowed 

to    harden     in    air    before    exposing     it     to 

tidal  I  Imnlii    lie      ' 

and   imp,  rmeable 
(3)  Where  concrete  is  liable  to  hi 

■■  0      H"       ' II    ha      been 

,i  i,     w  it  li 

and  to  let   it  harden  in  air  In  i 

Even  in  these  i 

If    probable    that    Impermeability    is    an    mi 

pi         mi',       it      has      |,ee|| 

found  ■  i  in  reinforced  concrete 


il   eti  li  from  rust  proi  id,  d 

Ol     quality        In   inari- 

i  ructures,  how  ever,  there  has, 

n  hen    moisture  and   air  have 

ted    through   ■■' i   ,  el,,  i ete  to  the 

i    and   swell, 
and  to  crack  in-  bin 

havi 

i'     thi-    action      eg.. 

tag  thi     tee!  mils  w  oh  p..  i  blj  a 

i    Portland    •  • 
ant  decrease  the  bond 

i         me  i 

,ii\    handled. 

BhOUld  i         ' I    Hat    -teel 

stirrups    or    111  CaUBi  mis    in 

acrete,  and    which   prevent    it   from 

iiic       the       main       b 
should    i"     foi  biddl  a.      The    si/, 
bbould     I"'     linn.       to  n       ::i       in.      The 

thickness  ol  tie-  ci  mat 

lii    the    early    days    a 

In.   to   i '  .   in    was  cons  li 
-  nth,  i,  nl    bu  ;    ', di 

in      Working 

lid    be    kl  p|    low  .  and    tie 

lally 

ieavj    in  •■   loads   ha  \ ,    t ■ ,   i, 

porti  e  i.nd  i,e  taken  in  pi 

-  rent-    passing    tii 

■     |      ouli 

most  line    is    to 

Permeability  of  Concrete.      I 

,    v.a\   nt   pre\  enting  all  kinds 

en    i     I,,   a,. 1 1  e   the  concrete 

bighlj  neabli       I  many 

lie      uggi     nil.   but    their  rel- 

nd 
further    In 

lie        Well        mi\ed. 

and    sand    should    be 

.  mid   nut    tie   uniform   in 
hut  \  i  om  coarse  to  dm  .     Mr    Fut- 

on    m   this  subject   are  well 
in         Another  Important  mat- 

in  ol  ed    in 

mixing,  which  should  he  neither  too  great 
ill,    as    either    excess    tends    to 

produi  ■  i  i     com  rete      it    has 

.11       be 

ients,  but 

i  no  experiments  which 

ai '    com  in   Ivi    "ii  i  hi:-   i I       '•-'   i  in.  many 

,     on    the    market    for    which 
i  limed   that    it    mixed    wi( 

dei  nasi-   its   per- 
meability.      An       elaborate       investigation 
number   nt    such    Buhstances    was 
.  i  nan    Bureau   ol    Stand 
i  ,  !  tl  ml    to    show- 

that    tin-    ml  iJtion    nl    -in  h    BUbBt   I 

of  littli    use  in  the  i  rich  mixture 

and    thai      oi  le    ol    them    dei  reused    the 
the    com  rete      Pi 

•id     eelin   nt     Itself. 
In   ot  li  i  i     word-.    In 

nch  mixture  should  be  a  ed      Pi  opoi  tions 

.       ,    .  .  mi  n:    to  i     now 

commonly   used,   and    a    mixturi 

nii.n led       Such    a    mixture 

eem    tO   I"'   exti.nai.-ant.  but    after  all. 

tra  i  em. -nl  is  but  a  small 

proportion  of  the  whole  cost,  ami  tin-  mon- 

,v  is  probabl]    we];  -pent.     Another  means 

[on    ll    t  he   coating  of  the  out- 

Sl,|e      ,,|       ||ie      COllCret,         Willi      S0I11P      killll      Of 

iQUid       I'.xpei  n  in  c   has   shown 

thai   in-  i  oil,  whli  i  pin  '">  ,ne 

water    and    deposited    on    reinforced    con- 

I  oved    to    he    an    effc-i  live    pre- 

i    In n    found    thai    pal 

wax.    bituminous    paint,    tar.    and     various 
,,i    hi,  e.  ,!    oil     paint,    are    more  or 
preventing    water    from 
Into   thi     i of   i  on, -n  i, 

•See  '         lv 
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The  Automobile  Accident  Rate 

Few  advances  of  civilization  conic  as' unmixed  blessings 
In  mankind,  and  the  automobile  is  not  anions  the  few.  After 
ii  has  been  longer  established  among  us  many  of  the  evils 
attendant  upon  its  introduction  and  early  use  "ill  be  elimi- 
nated, or  at  least  largely  overcome.  We  have  become  so 
thoroughly  used  to  the  motor  vehicle  thai  we  are  api  to  for- 
get that  we  are  after  all.  still  in  an  early  stage  of  the  develop 
ment  of  its  use. 

A!  present  the  auto  is  conspicuous  as  an  aid  to  crime  and 
vice,  and  as  a  producer  of  fatal  ami  becrippling  accidents. 
If  we  are  wise  we  shall  not  curse  the  automobile  for  these 
things  nor  accept  them  as  unavoidably  inherent  evils,  any 
more  than  we  curse  the  rubber  shoe  because  ii  help-  the 
sneak  thief,  the  hotel  as  a  place  of  assignation,  or  the  rail- 
road for  its  accidents.  In  their  present  forms  and  extent, 
the  evils  are  primarily  evidences  of  an  immaturity  which, 
unless  we  are  sluggards,  we  shall  actively  strive  to  outgrow. 

The  accident  list,  which  is  really   worse  than  it   should   be, 

almost  entirely  to  sonic  form  of  human  cai 

the  craziness  of  intoxication,  an  amazing  cold   1  looded   indit- 

.    or   a    still   more    amazing   stupidity    on    the    part    ol 

otherwise    intelligent     people        Who    of    US    docs    not     know 

people  of  good  mind  and  high  character  who  drive  their  nia- 

as  if  they  expected   Divine  Power  to  guard  them  and 

all   in  their  path?      How  many  of  us.  ourselves,   drive   thus? 

Of  course  it  is  not  every  accident  which  is  the  driver's  fault; 

but   neither  is  it   to  his   credit   that   othei    accidents   do   not 

happen.     Who  of  us  has  not  cursed  aloud  or  silently  at  some 

fool  who  has  cut  his  corner  or  who  has  skidded  so  that  only 

quick   footwork   has   saved  us? 

However,  human  nature  is  not  to  be  changed  quickly,  and 

no  amount  of  exhortation  will  materially  reduce  recklessness. 

The   sole   remedy  at  present  seems   to   lie  in  more  rigid   en- 

aent   Of   law   and    severer   penalties.      These   unquestion- 


ably will  reach  the  indifferent,  and  if  the  penalty  extends  to 
the  deprivation  of  license,  it  will  serve  the  double  purpose 
of  removing  a  dangerous  driver  and  warning  others  what  to 
expect.  Doubtless  deprivation  would  react  in  some  measure 
even  on  the  Divine  Power  dependents,  and  at  the  very  least 
it  would  in  time  remove  a  considerable  number  of  them  from 
the  field. 

Here  are  a  few   figures   from   the  latest  census  report: 

1916       19X8       1919       1920 

Allien)..!. Me  deaths  within  the  death  regis- 
tration area   (including  about    82  pel    e< 

of  the  population)  of  the  U    S 5,193  ■•     9.103 

A.utom<  s  per  100, population  in 

ration    area    7.::         9.]         9.4       10  i 

Automobile   deaths   per 

DO    population    in    Boston 9.5       14.0       16.S       lis 

i population   in    Buffalo 11 

Hi". population   in   Chicago  '■  <>  l       12.3       17.:: 

i"". pulal  on  in  i  I  1.0       II   0       19   ' 

0   population    m    Los    Angel.  - 1-1 

100. lopulation   in    Minneapolis.  9.4       11  i        L0.1        10.1 

100, p  ipulation    in    New    York  B      14.0       13.6 

'   population   in   San    Fram  i  15.0       L6  9       1T.2 

I  le  .'H     per   100,000  population   in   th.    i  •  gis- 

1.404  1.X12      1,288 

Typhoid   fever    13.3  12.6        9.2 

influenza    :,y  ^ 

Vio'enl    deatl 

These   figures   bring   various    reflections:      In    L919,   out    of 

every    1. I   deaths    in   the    United    Stati  -    more   than    7 

caused  by  automobiles:  of  all  violent  deaths,  except  suicides. 
almost     12     per    cent     were    due    to      nit..-;     auto    and    typhoid 

.baths  were  practically  equal,  bul  the  typhoid  rale  is  steadily 
sing,  while  the  auto  rate  is  steadily  increasing:  autos 
caused  almost  1  10  as  many  deaths  as  "flu,"  and  1919  was 
a  bad  year  for  that  disease  In  1920  there  were  averages  of 
25  deaths  per  day  in  the  legist:  alien  area:  1.3  per  day  in 
Chicago:  and  2.1  per  day  in  New  York  A  majority  oi  the 
accidents  in  cities  appear  to  be  to  pedestrians,  of  whom  the 
greater  part  are  children.  Only  a  part  of  these  accidents 
are  the  fault  of  drivers — what   part,  we   do  not  know. 

A  newspaper  dispatch  from  Los  Angeles  on  March  29  states 
that  since  January  1  of  the  present  year,  that  city  has  had 
daily  averages   of  95   accidents,   0.6   persons   killed    and    177 
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injured.     In  justice  to  La  noted 

thai    :i  high; 

thai  the  number  ol  Don  resident  tourist  automoblli 

than  in  any  other  city;   ami  ;;  number  of  tourists 

and  visitors  I  re  added  to  the  resident  popu- 

the  death  rate  per  i"». would  be  somewhat  reduced. 

automobile  accidents  will  tlrely  elimi- 

ople  will  agree  that  they 
Bhould  i  •■  greatl]   reduced  and  that  • 

ken  tn  that  end.     An  encouraj  ppears 

in  ill.  leaths  per  i  ar,  as 

''■d    in    the   following    Bguree    given    bj    the    National 
Automobile  Cbambi 

I  021 .    1917,   19;    1918,   L6;    !  • 


The  Railway    Department  of  a  State 
Highway  Commission 

The   Highway    Commission   ol   Wisconsin    has    established 
a   Railwaj    Department    under   the   direction   of    Mr.    M.   W. 

Ison,  former  bridge  engineer  ot  the  commissioi 
(unction  ol  the  n>  \\  department  as  planned  is  to  su] 
and    Improve   the  and   highways      it 

will,   undoubtedly,    result    in    a    kind    ot   attention    to 

:  grade  crossing  eliminations  not   heretofore  to 
be  found. 

iBing   problems  are  marked   by   two   main   phases — the 
i  tic   and    the    ethical,   or   humanitarian    phase. 

i  i    risk,  but   so  does  every  piece 
of  construction   work,  •■very  trip  by   boat   or  train  or  auto, 

Btep  in  a   busy  street— even  life  in  the  home      in   short, 
at  of  human   life.     Probli  ms  in  safety,  then,  of 
e  act  lial   aboli- 
tion ot   risk  or  danger,  and   unfortunatel]    we   have  not    the 
data  for  their  scientific  solution.     Furthei  then    is  no 

measure  ol  the  value  of  life  and  limb. 

The    engineer    on    a    safety    problem,    therefore,    is    handi- 

;   by   a  lark  of  the   most   important   data,   and   his  deci- 

ist  tie  arbitrary  in  proportion      Strength  of  character, 

reasonableness,  and  good  judgment  should  in  espe,  ial  degree 

mark   this  em 

The  economic  problem  of  the  crossing  warrants  little  com- 
ment here,  although  it  has  many  times  been  inadequately 
or  incompletely  treated.  The  value  ol  a  grade  crossing 
elimination  in  doing  away  with  traffic  delays  on  either  or 
both  of  the  routes  involved  can  be  computed  exactly  for  a 
present  traffic,  and  for  the  future  with  the  same  accuracy  as 
lue  of  any  other  long-lived  Improvement.  The  value 
in  reducing  probability  of  accident  even  may  be  estimated 
With  some  accuracy  In  certain  cases,  although  this  is  not 
to  be  confused  with  the  ethical  pha  iblem,  which 

involves   values   not  to   be   measured    by    awards   of  damage 
claims 

ng  i  enerated  at 

onflicting    int 
ntil  I  t(         nt  by  count  or  compro- 

Such    an    innovation    as    that    made    bj    the    Wisconsin 
ay   Commission   should    go   far   toward   bringing  these 
problems   to   a   carefully   studied    solution    to   the   benefit   of 
all  pal 

Improve  and  Standardize  Automobile 
Signals 

v   highway  traffic 

:  icnals    and 

I  Iced  and 

rapid  Improvi  gnaling  devices;  but  even 

ill   scarcely 
claim  that  every  m  nd  available 

or  that  attained  rapidly. 

ad   their  per- 
:n  the  bands  ol  the  ma 
petitivi    and 

b    would    be   still    further 
i  i  '"ii    and    an    active 


'fie    foregoing  is  not   Intended  as  a  reference  to  mad  sig- 

inly,   tor    the   need   of   Improvement    and    standardization 
ot    vehicle    BignalB    i-.    it    anything,    greater       Hand    signals,    a 

and   ii.iim.il   development,   should   long   ago   have   been 
bed   b>    legislate  tents  on         tandard  basis 

tor  the  whole  country,     Thai   there   is  an  approach  ■ 

•  in  is  dip-  to  their  being  in  pari  naturally 
alsi   to      worthy,  bul  onlj  partialis  successful. 
■uii  private  organizations.    But  a  mere  app 
to  uniformity  leaves   us   very   far  from   th  which 

should  exisl  tor  the  ben,  in  ol  thi    modern  traveler 
Hand  Blgnals  at  tii.ii    best  ate  unsatisfactory      Th< 
i  rve,  hard  to  glvi    i  practical!]   Impo 
closed 

and  nearlj   useless  at  night.    One  wondei     that     on 
yet  adi  m  of  mechanical  Blgnals  v.  herd. 

in  the  car  behind   will   be   warned  of  the   Intentions   of  the 

drivi  r  ahead  has   i  ,,n. 

The  possibility  ol  .  nals  makes 

tl stahlishment  of  a  l.  ndard  Bystem    i  practical 

Presumably    i  »0uld    bav< 

I  i  i    and    undoubt  dlj    thi 
difficulties  in  securing  that   uniform!! 
Nevi  rthel         .e  believe  thai 
ultimately  it  is  inevitable 

We  suggest  that  this  subject  deserves  tie  attention  of  such 
national  organizations  as  that  ,.t  the  State  Highwa;  Commis- 

>    Highway  Engineers,  I  ountj  Co  is  and 

County    Engineers.      .Members    of    such    01  ,    more 

than  any  other  class  of  people,  would  be  likely  to  co-operate 
effectivelj  In  the  Interest  ol  a  benefit  ol  this  character.  The 
ii""'    '  'lion    Is    before    different    systems    become 

established   in   different   states,   and    we  hope  that  some  of 

this  Bummer's   sessions  will  bear  the  much  needed   unit. 


Suggested  Training  for  Engineers  for  Highway 
Work 

In  a  paper  presented  in  the  lymposium  on  highway  trans- 
portation held  Jan.  20  by  the  American  Society  of  Civil  Engl 
leers.  Mr  Thomas  H.  MacDonald.  Director,  TJ.  S.  Bureau  of 
Public  Roads,  estimated  that  the  number  of  engineer 
ployed  by  the  state  highway  departments  in  1918  totaled  ap- 
proximatelj  10,000.  He  stated  that  the  construction  pro- 
gram has  practically  doubled  since  then,  but  the  number  of 
engineers  had  not  increased  in  the  same  proportion.  He 
further  stated  that  the  closest  estimates  that  could  be  made 
i"  1919  Indicated  thai  not  less  than  1,000  to  1,200  new  engi- 
neers would  be  required  in  the  highway  work  each  year. 
These  men.  he  said,  must  be  furnished  by  the>  engineering 
schools,  and  although  there  is  a  lack  ol  employment  at  pres- 
ent, for  engineers,  generally,  with  nf  the  con- 
struction season,  the  road-building  industry  will  he  able  to 
absorb  and  will  n.  in  are  available  Of  those  fitted 
to  assist  in  producing  the  el  needed.  As 
indicative  of  the  training  ol  mi  n  needed  for  the  highway 
program,  and  the  character  of  instruction  which  should  be 
received  in  the  colleges  and  universities,  the  following  sug- 
gestions were  given:  ' 

1.  Human  Kelations:    The  ideals  ol  public  service;   proper 
cts  with  the  public;  and  proper  relations  with  the  con- 
tractor. 

2.  Management:  Laws — State  and  national;  layout  of 
plan  :  material  supplies;  transportation;  estimates;  con- 
tractors' obligations;  and  engineering  and  administrative 
reports. 

3.  Construction  Proper:  Design  Interpretation  and  rela- 
tive \  lication  interpretations;   and   workmanship. 

4.  Materials:      Interpretation    of     laboratory    tests;      field 

and  soils. 

5.  Traffic  management  during  construction, 

6.  Relatlt  i  it  inn. 

Tin                      us  are  noi  to  i,    Interpreted  a-  advoi 
the  adopt  Ion                    and  unii  ei  Bit  i   com  ■  rflcial 

■  'ion.    hut    th.'   curriculum    of   the   average 
eering  course  should  be  and  can  he  revised  ami 
•  led  to  ough  training  In  Bon f  the  broad  funda- 

mentals of    i  h,  economii     and  Ideals  ol  public - 

service,  In  addition  to    ound  co  ered  In  the  Junior  and 

Senior  years,  which   will  lil   men  to  enter  highway   work  much 

prepared  than  tie  ■  nt, 
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Need    for    Propaganda    for    Highway 
Improvements 

To  the  Edltoi  The  Spring  of  the  year  is  the  most  » •  im *<  >'' 
tune  tun.-  to  discuss  the  popular  sub  i  mads  and 

automobiles,  and  in  this  connection  it  is  interesting  to  note 
the  number  of  articles  on  mad  construction  in  its  dlfli 

and  on  the  relationship  that  the  motor  industry  bears 
to  the  highway  situation,  that  haw  been  contributed  re- 
cently  to  the  newspapers  by  several  nnali *  -  and 

authorities.  It  is  a  time  o!  the  year  when  automotive  dis- 
plays are  much  in  evidence  and  these  naturally  prompt  good 
roads    discussions     for    the   two     ub  closely 

in  tin-  dei  ade  jusl    passed   rn    b 

38  in  the  motor  production  industry  and  we  have  also 
on  the  part  of  the   highway  builders  to 
keep  pace  with  the  growth  of  the   motoi    tran  portation  ac- 
complishments.     Although  we  have  madi    wonderful  progress 
in  building  of  highways  throughout   th untry,  this  under- 
taking  suffers   by    comparison    with    the    phenomenal   strides 
which   have   been   made   in   the   production    of   a  itomobiles. 
Many  and   serious  obstacles  ha                     ted   the  mad  build- 
ing  work,   while   hindrances   have   not   been   put    in   the   path 
of  the  motor  production  industry   in   a   marked   degree.     The 
automobile  has  been  and  will  continue  to  be  the  chief  stimu- 
lus  for   the  highways   movement,   and    in    turn    the    highway 
will  be  the  greatest  economic  asset  to  efficient  motor  trans- 
portation.     We    realize   that    the    true    success   of   the   motor 
lortation,   whether  in  the  form  of  pleasure  pursuits  or 
ommercial  purposes,  is  dependent  on  the  hard,  smooth 
r  pavement  of  good  alignment  and  low  grade.     More 
than  anything  else  it  is  a  realization  of  the  extent  to  which 
ndividual   and    the    community    are   benefited    that   will 
spur  the  taxpayers  of  the  country  to   shoulder   heartily   the 
present  and  future  burdens  for  ths  building  of  good  highways. 

As  a  nation,  as  a  state,  a  community  or  an  individual  we 
are  more  concerned  with  the  economic  side  of  the  highway 
situation  than  was  the  case  of  an  age  gone  by,  when  expan- 
sion of  road  systems  was  gradual  and  moderate  and  the 
taxation  burdens  easier  to  bear.  The  building  of  extensive 
highway  systems  with  the  prevailing  mode  of  constructing 
the  high  cost  road  types  should  be  a  matter  of  vital  concern 
to  every  taxpayer,  for  to  him  is  accruing- the  benefits  derived 
from  them  and  in  him  is  vested  the  power  to  say  whether  or 
not  this  work  will  go  on  in  uninterrupted  manner  until  we 
reach  the  goal  of  our  endeavors.  With  the  rapid  expansion 
of  the  highways  throushout  the  nation  there  has  naturally 
developed  heavy  bonded  indebtedness  and  surely  these  obli- 
gations of  a  national,  state,  or  municipal  nature  are  reflected 
in  the  tax  impositions  that  we  bear,  as  individuals.  It  is  a 
time  of  national  financial  strain,  the  inclination  is  to  tighten 
urse  strings  everywhere  and  we  cannot  feel  sure  that 
oad  budgets  of  the  present  and  near  future  will  be  safe 
against  the  knife   of   "economy." 

Those  responsible  for  the  furtherance  of  the  highway  build- 
ing in  the  several  states  and  the  nation  should  be  constantly 
on  the  watch  for  attacks  that  would  in  any  way  result  in 
the  curtailment  of  the  road  programs  of  the  present  and  the 
near  future,  for  this  work  must  be  continued  without  break 
for  a  long  time  to  come. 

It  is  human  nature  to  abhor  taxation  for  any  purpose  what- 
soever and  the  natural  abhorence  to  tax  levy  is  increased 
when  people  fail  to  see  some  tangible  gain  coming  to  them. 
It  is  more  often  the  rural  sections  of  the  country  that  lack 
the  true  spirit  of  the  highways  development  and  fail  to  in- 
terpret and  understand  the  values  derived  from  the  well 
made  road.  A  reflection  of  the  antagonism  that  can  arise 
against  the  movement  for  good  roads  is  reflected  in  the 
specific  case  of  the  state  of  Michigan,  where  recently  peti- 
tions emanating  from  the  granges  of  the  state  call  for  the 
stoppage  of  the  sale  of  the  state  securities,  the  proceeds  of 
which  shall  be  used  for  the  highway  work.  There  may  be 
some  local  point  to  this  which  we  cannot  discern,  but  it  no 
doubt  is  a  drastic  step  and  will  be  regretted  if  it  takes  effect. 
We  may  expect  periodic  attacks  on  a  work  that  is  of  the 
magnitude  of  this  national  undertaking  and  we  can  feel  sure 
that  the  large  part  of  the  assaults  arise  from  ignorance  of 
the  situation.  However,  it  is  often  difficult  to  hear  the  weak 
voice  of  logic  and  reason  in  the  din  of  a  popular  howl  of 
•grievance.     In  a  local  or  state  roads  issue  it  is  customary  for 

(8; 


those  responsible  for  thi  ommu- 
ii it \  to  stand  ready  with  i  nance  figures 
and  other  data  to  just i i >  the  between  the  tax- 
payer  and    the   road    engineer,  commissioner   or   econo 

you    will   Bell  I  I    Of   the   discussion. 

It  seems  possible  that  we  in i  14 lit  bridge  over  this  gap,  in  part 
anyway,     by     creating     more     Interest     in     this    all     important 

work  bj   the  frequent  issui o!   suitable  propaganda  calling 

attention  to  some  ,11  th,  manj  economies  that  are  affected 
with  good  hlghwaj  5  tern  and  the  potent  influence  these 
Bystems  have  on  our  daily  lives  Herein  lies  an  opportunity 
for  highwaj  depart nts,  bureau  and  road  officials  an  oppor- 
tunity bordering  on  duty  to  put  forth  continues  and  con- 
vincing  matter,  to  sustain  the  taxpayer  In  his  burden  and 
create  that  "esprit  de  corps"  which  this  nation  should  have 
behind   this  prodigious  work. 

With  the  press  of  the  country  as  a  mouthpiece  for  such 
propaganda,  the  number  of  earnest  supportei  tor  the  high- 
ways movement  throughout  the  nation  will  increase  many 
fold. 

We  must  not  forget  that  there  Is  one  phase  in  the  con- 
struction of  highways  that  is  particularly  important  to  this 
elass  of  construction,  and  that  is  the  necessity  of  continuity 
of  operation.  Broken  stretches  of  improved  highways  are  a 
utility  only  in  the  manner  which  they  serve  some  local  use, 
but  the  real  service  rendered  by  a  system  of  highways  comes 
from  affording  unbroken  transportation  facilities  to  and  from 
centers  of  commerce,  production,  population,  etc.  Moreover, 
from  the  standpoint  of  costs  of  materials  and  labor  it  is  a 
sound  time  to  construct;  it  is  opportune  from  the  view  of 
the  general  unemployment  situation;  and  it  is  an  economic 
need  to  the  county,  state  and  nation,  that  should  spur  us  to 
"carry  on."  U  \l    J.  DOUGHERTY, 

Portland,  Me.  Highway  Engineer. 


New   Method    of   Gravel    Road    Con- 
struction in  Iowa 

To  the  Editor:  A  letter  written  by  Chas.  H.  Miller  of 
Memphis,  Tenn.,  published  on  page  192  of  your  issue  of  March 
1,  1922,  asks  for  more  detailed  information  concerning  our 
experience  with  gravel  roads  constructed  in  Iowa. 

Not  being  familiar  with  Tennessee  roads  I  am  unable  to 
predict  as  to  whether  or  not  our  method  would  be  satisfactory 
in  that  section.  From  Mr.  Miller's  letter,  however,  I  assume 
that  they  are  now  using  practically  the  same  methods  for 
constructing  gravel  roads  that  were  in  use  here  about  four 
\eai-  ago.  In  changing  to  the  new  system  of  construction  I 
encountered  the  same  objections  from  local  road  officials  that 
are  advanced  by  Mr.  Miller  in  his  letter.  These  objectors, 
however,  were  turned  to  boosters  as  soon  as  they  were  able 
to  observe  the  results  obtained  from  our  present  method  of 
construction. 

Relative  to  binder  I  have  had  several  tests  made  of  mate- 
rial taken  from  the  road  after  v.  had  been  constructed.  These 
tests  were  taken  from  the  top  2  in.  of  the  road,  the  second 
2  in.  and  the  third  2  in.  from  the  top.  In  practically  all  of 
these  tests  the  top  2  in.  shows  from  9  to  20  per  cent  of 
binder.  The  percentage  of  biuder  in  the  center  2  in.  varies 
from  about  8  to  16  per  cent,  while  the  lower  2  in.  contains 
from  20  to  40  per  cent.  The.  e  results  are  obtained  from 
pit.  run  gravel  carrying  from  1  to  5  per  cent  of  binder  in 
the  bank.  To  my  mind  these  tests  show  that  it  is  not  neces- 
sary to  add  additional  binder  when  the  material  on  which 
the  road  is  being  built  will  make  a  suitable  binder. 

These  tests  ha\e  further  shown  that  on  highways  that 
were  being  constructed  during  wet  weather  there  is  no  defi- 
nite plane  in  the  finished  road  between  the  gravel  and  the 
subgrade. 

We  at  one  time  encountered  the  theory  that  it  was  necessary 
for  the  subgrade  to  have  a  crown  in  order  that  the  water 
going  through  the  gravel  surface  and  encountering  the 
crowned  subgrade  would  run  off.  As  a  matter  of  fact  water 
going  through  the  gravel  surface  will  not  run  off  between 
the  gravel  and  the  subgrade  because  there  is  no  definite 
plane  for  this  action  to  take  place.  Any  water  that  goes 
through  the  surface  material  .vill  simply  saturate  the  sub- 
grade.  It  is  true  that  we  need  4  to  6  in.  of  crown  in  the 
finished  surface.  If  this  road  is  perfectly  maintained  there 
will  not  be  enough  water  go  through  the  surface  to  do  harm 
to  the  subgrade. 

) 
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it  i-  true  that  our  Brat  .   avel  when  verj   thin  In 

the  center  often  becomes  bad!:  cul  up,  bul  this  is  dragged 
layer  brought  In  from  the  shouldei 
eel  thai  the  materia)  In  the  (irst  layer  Is  still  In  the 
subgrad< .  adding  siai  lllty  to  the  road  as  ,i  whole  The  Becond 
layer  will  never  cul  up  .is  bad  as  the  tirsi  and  by  the  time 
the  n'a<!  has  reached  its  final  i  n  «>■  have  a  good 

gravel  wearing  surl 

\\,  have  found  thai  we  gel  ■>  road  with  better  wearing 
qualities  when  constructed  with  the  minimum  amount  of 
irnwii  Tin'  reason  for  tins  is  thai  automobiles  going  over 
the  road  an  nol  continually  throwing  the  material  to  the 
ahouidi 

.1    K    REYNOLDS, 
District   Engineer,  Iowa  State  High  Bion 

storm   Lake,   la 


Concrete  Road  Construction  in 
Canada 

Climatic   and   Soil   Conditions  Outlined    in   Paper  Presented 
at  Recent  Conference  of  County  Road  Superin- 
tendent and  Engineers  of  Ontario 

By    1.     \     PARDO 

lent,   !<•  "i   i •<  ';"' 
Mj    remarks  are  mostly  applicable  to  the  construction  of 
te  mads  in  suburban  areas  and  particularly  applicable 
found  in  the  count]  of  Kent,  v 
istlj  a  beavj   plastic  clay,  tin-  countrj   verj   Bat  and  the 
water  level,  which  is  controlled  bj  the  adjacent  rivers 
ami  lakes,  about  •'■  ft  lrom  tin-  surface 

Effect  of   Temperature   Changes.      In   a   country   when 
perature  varies  over  100  degn 

and   the  destructive   work  "t    tin-   powerful   agi 
plain!  nol  only  in  every  i  "  truction   for 

which   man   is   responsible   bul    in   our  rugged    mountains   and 

on  our  rock]  shores     If  a  concrete  pavemenl        tructed 

that   it  absorbs  any  appreciable  amount  of  mol 

cold  weather  will  cause  sufficient  expansion  to  loosen 

pebbles  and  minute  particles  at  th<    surf These  are  later 

whipped  oul  of  place  by  tin-  wind  or  passing  vehicles,  thus 
providing   gi  •  itles    foi    this    agent    to    carry    on    its 

work  which,  although  comparatively  slow,  is  verj  pi  rsi  tent 
and  certain  to  produce  holes  "i  varum-  sizes  "ii  ill"  surface 
It.  thet  that  everj  effort  should  be  made  in  the 

duce  at  the  surface  a  com  i ete 
that   will  absorb  a  minimum  amount  of  moisture. 

Importance   of   Good    Drainage.      It    is   equally    important,    in 

the  |nt  mooth  surface,  that   good  drainage  should 

be  provided  -o  as  to  reduce  as  much  as  possible  the  percent 
;n  the  ground,  beneath  the  pavement  and 
In  thi  Bhoulders.  Water  expands  10  percent  In  free  In 
I' Tterth  dry  earth  would  not  show  an]  appreciable  effect 
from  frost  at  all,  but  such  conditions  cannot  be  found  or  ex- 
pected,  bo  that  tin  rate  of  expansion  in  our  coldest  weathei 
zero  and  10  percent  and  the  nearei  It  approaches 
zero,  the  ideal  condition,  the  less  will  be  the  disturbance  in 
the  foundation  of  tl  i  >ad. 

It   has   been  observed  that  cracks  occur  usual)]    when   the 
frost    is  going  out  of  the  ground   in  spring  and   not   during   the 

ng  or  in  oiler  words,  when  the  ground  Is 
contracting  under  the  pavement.  Tins  would  -uggc-t  t,,  us 
that  daring  the  period  oi  expansion  which  i    usuall]   gradual 

h    was    downward    or    toward    tl  -,ng    to 

the  weight  and  great  strength  ol  the  slabs  When  the  thaw 
ing  pi  -    Bubgrade  an  i  pavement    In  obedii 

the  law   ot  gravity.  Bettle  downward,  and  natural   beams    l.e  in 
in  the  subgrade  on  account  of  it-  varrylng 
ducing  cracks    which   open   mi   the   Burface   ami   admit   more 
ire  if  not  properly  repaired      One.-  this  natural  adjust 

nail]     slow     to 

pro*  Ided  the  ,  ondition  i  d  to  the  di 

i  .  •       •    ■    aslant 
Subgrade    Movement.     The    explanation    of    thl 

■   .hiring   the   iir-t   twelve   month-   ami   n     compare 
■  hereafter  r<  nvestigat  Ion     The 

■  ,      emei 
d  movemi  nts,  ami  i  on   » Ithin  the 

opinion  that  a  critli  a1  analysis 


ni  any  ubgrade  tor  a  depth  ol  i  oi  5  ft  below  the  surface 
would  renal  a  -reat  variation  everj  tew  feet  in  compact 
lies-,   denslt]    and    porosity;    consequently,   when   the   action 

el     trn-t     begins,    its    inti-nsitv     will     v.uv     in    accordance    with 

those  conditions,  producing   a   network  of  beams  and   these 

conditions  obtain  once  the  adjustment  is  made  so  long  as 
conditions    "f    drainage    remain    unchanged.       It     would    seem 

then  that  a  subgrade  ei  uniform  compactness  is  very  essen- 
tial ami  that  can  onlj   be  attained  bj    breaking  up  the  road 

wax    to    some    depth    below    lln     proposed    BUbgrade,    level,    dis- 
turbing as  much  as  possible  .,n   natural  arches  ami  pocket 
formed  through  ages  ami  earlier  construction,  ami  Snail)   re 

compacting   the   same   by    proper   rolling. 

The  climatic  conditions  ol  Cauada  are  rather  extreme  and 

they   pies,  tit    to  tin    Canadian   eieiin  .  r  ami    road   build,  i 
lems    not    considered    in   many    pails   ol    Hie   world       The   mod 

climate  of  the  British  isles  is  conducive  to  successful 
good    mad    construction    and    particularl]     their    low    ii 
maintenance  considering   the  amount   >a   traffic      Again,  the 
topograph]    of    the   county    is    such    a-    in    permit    excellent 
drainage 

Poor  Drainage  Responsible  for  Many  Cracks,  (bod  drain- 
age siimiiii  be  provided  in  thi  subgrade  ot  anj  pavemenl  In 
a  localit]  win  obtains  for  any  length 

of  time   sufficient   in  penetrati    i       Som<    -oils  have  natural 

drainage,      and      in      si localltief       lb.-      natural      ground 

water    level    is   many    net    below     tin-    surface    and    BOme    soils 

.ii.-  quite  Impervious,  offering  al  ao  I  complete  resistance  to 

the  transfer  ol    water   Inun    lln-    -an...  i     in   points  deeper  down 

where  it  will  not  freeze     Some  soils  absorb  a  great  amount 

nl    water   and    like   our   heavv    clay,    soils    been pongy    and 

plastic,     owing  to  the  uniform   support    which   the  BUbgrade 

in.  aii.ii  to  give  to  the  .1  mi.  'i    -lab.  surely   we  cannot 

afford  to  allow  it  to  saturate  and  tree  proi  that   would 

i  e  most  destructive.  Almost  all  spei  ifications  tor  the  con 
struction  of  large  engineering  work  require  that  foundations 
go  below  the  frost  and  thai  concrete  must  nol  la-  deposited 
on  frozen  ground.  In  the  construction  of  highways,  we  can 
eliminate  the  latter  but  we  cam  o  '■  the  frost  line  for 

.mi  foundation,  consequently,  mi''  attention  should  be  turned 
to  some  practical  means  of  preventing  the  subgrade  from 
freezing.  How  can  It  be  doni  '  it  mj  opinion  that  thi 
gradi  must  be  dry.  or  as  free  as  possible  from  moisture 
without  which  the  action  of  freezing  temperature  is  nol 
much  to  be  feared.  The  carious  methods  of  pin 
viding  drainage  are  somewhat  beyond  the  scope  of  this  paper 
but  ii  has  been  introduced  to  suggest  how  poor  drainage,  in 
co-operation  with  cold  weather,  may  be  held  responsible  for 
the    majority    of   cracks    and    settled    joints    almost    invariabh 

found  on  our  concrete  i 

it  is  difficult  to  prevent  deterioration  caused  by  expansion 
alone,  Elastic  joints  are  inserted  at  Intervals  of  from  30 
in  r.u  ft.  in  accordance  with  various  specifications  and  prac- 
tice  but    the   fact    that    most    damage   to   concrete    surfaces   on 

account  of  expansion  occurs  at  the  joints  has  led  many  cities 

and    suburban    districts    in    Canada    and    the    United    State-    to 

abandon  their  use.  except  when  ;,  joint  Is  made  at  noon  ami 
at  night   ni    an]    other  time   when    pouring  operations 

tor  longer  than  thirty  minutes  However,  in  a  climate  such 
as   this    it    is  difficult    to  believe   that    the   joint    is   not   of   some 

use  in  saving  the   pavement    from   the   destructive  effi 
expansion. 

Advantages    of    Uniform    Aggregate.      If    we    wish    in    obtain 

a  smooth  riding  pavemenl  we  must  pay  some  attention  to  the 
uniform   qualit]    of  the  aggregate,  thai    Is,   so   far  as     ; 

,,    wear    and    toughness    i-    concerned.      It    is    getierallv 

admitted    that    a   certain   amount    ol     eparation    unavoidablj 

Occurs  when  the  hatch  is  deposited  although  we  talk  pro 
venting   it    in   various   ways       Ii    is   also  a    known   fad    ibat    the 

ofte  i    rocks  are   the   llghte  i    .mil    n    sufficient   agitation    is 

provided  during  the  finishing  operations  ii  is  natural  to  61 
peel    that    the   materials   will   arrange   themselves   in    lln-   ina-s 

in  accordance  with   their  Bpecinc   gravity,  that    is.   with   the 

BOftest    mi    the    surface   and    will,    the    degree    of    hardness    in 

creasing  towards  the  bottom  lui  h  an  arrangi  menl  of  ag 
gregate  would  favor  absorption  ot  water,  aiding  the  action 
i  and  wear  Man]  gravel  pit  contain  an  aggregate 
in  which  then-  is  a  high  per ceu tag<  ol  Btone  that  can  be 
ground  up  with  east  thl  maj  be  expected  in  cause  uneven 
".ii    winch   in  turn   would  inci  ict    from  traffic  ami 

further  destruction  to  the  surface,  giving  a  rough  riding  ami 
rough  ,i ;  pearlng   pav<  menl 
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The  Use  of  Calcium  Chloride  in  Con- 
crete  Highway  Construction 

By    B.    H.    lMKI'MElKR    and    H     P.    CLBMMER, 
Unilinear  of  Construction  and  Englneei  -     Division  of  High 

ways,  Illinois  st.it.'  Deoartmenl  ol  Publii    Wort I  Buildings 

1  Hiring  the  past  year  actual  practice  and  laboratory  ex- 
periments have  demonstrated  the  vain.'  ol  calcium  chloride 
in  highway  construction  t<>  such  an  extent  thai  the  Division 

of   Highways  Of   Illinois;  has   not   only  allowed   its   usagi 
celerate  the  setting  of  concrete  in  cold  weather  construction 
1  .ut  is  also  advocating  it  as  a  simple  and  practical  method  of 
curing. 
Laboratory  investigations  were  conducted  on  a  large 

every  known  ami  advocated   method   having   1 n   tried  out. 

Over   450   specimens    were   made   ami    tested    for   transverse 
strength.      In    all    of    the    experiments    nun!,     the    specimen 
treated  with  calcium  chloride  showed  tile  best  results.    Set 

era!  methods  of  applying  this  chemical  were  tried,  with  the 
result  that  the  greatest  strength  was  shown  by  the  speci- 
mens, the  hare  surface  of  which  was  sprinkled  with  the 
granulated  chemical  in  the  proportion  of  3  lh.  per  square 
yard  ol  surface  This  method  of  curiae  brought  greater 
.strength  to  the  specimens  at  the  end  ol  14  days  than  did 
th.    wetted  earth  method  at  the  end  of  28   days 

It    was    thought   that    heavy    rains   might    wash    the    calcium 

chloride  from  the  pavements  and  thus   destroy    its  usefulness 

when  applied  in  this  way.     Accordingly,  tests  were  made  with 

specimens    from    which    the    granular    chemical    was    washed 

_'   hours  after  its  application.     The   results  of  these   tests 

seemed    to   prove   conclusively    that    the   beneficial   effect  of 

calcium  chloride  occurs  chiefly  within  the  first  24  hours  of 
its  stay  on  the  concrete  and  that  after  that  length  of  time 
does  not  aid  curing  to  any  appreciable  extent.  As  in  the 
usual  course  the  chemical  is  applied  to  the  pavement  in 
from  v  to  16  hours  after  the  concrete  is  finished,  it  would 
he  an  easy  matter  to  protect  it  from  rainfall  for  24  hours 
if  the  weather  looked  threatening,  or  to  make  the  second 
application  in  case  the  first   was  washed  off. 

Tables  I  and  II  show  the  results  and  methods  used  in  a 
typical  series  of  tests  made  by  the  Bureau  of  Tests.  In 
this  series  the  specimens  were  made  and  cured  in  green 
concrete  forms  in  order  to  approximate  as  nearly  as  prac- 
ticable the  conditions  surrounding  actual  pavement  slabs. 

The  actual  curing  of  concrete  pavements  with  calcium 
chloride  was  tried  in  a  few  cases  during  the  past  construc- 
tion season  apparently  with  very  favorable  results.  In  one 
case  7  miles  of  pavement  were  cured  by  first  covering  the 
pavement  with  about  an  inch  of  earth  and  then  sprinkling 
the  earth  covering  with  a  rich  solution  of  calcium  chloride. 
The  solution  was  applied  at  such  a  rate  as  to  insure  ap- 
proximately 4  lh.  of  the  chemical  per  square  yard  of  surface. 
The  earth  covering  was  at  that  time  presumed  to  he  neces- 
sary to  hold  the  solution  on  the  surface  of  the  road  and  to 
prevent  loss  in  case  of  a  heavy  rain. 

The  solution  for  curing  was  taken  from  water  barrels 
placed  at  specified  intervals  along  certain  portions  of  road 
the  day  before  pouring  the  slab.  When  the  road  was  finished 
the  proper  amount  of  calcium  chloride  solution  was  applied 
to  the  earth  covered  surface  of  the  pavement  by  use  of  an 
ordinary  sprinkling  can.  Inspection  was  frequently  made 
and  although  the  weather  was  hot  and  dry  much  of  the  time 
it  was  noted  that  the  earth  covering  at  all  times  was  moist. 
This  would  leave  to  the  conclusion  that  the  slab  was  at 
least  as  well  cured  as  by  ordinary  method  of  earth  covering 
and    sprinkling. 

The  data  gathered  indicate  that  the  surface  application 
of  calcium  chloride  not  only  results  in  more  rapid  hardening 
but  may  also  frequently  be  less  costly  than  the  usual  methods. 
On  the  usual  job  one  man  can  apply  the  chemical  as  rapidly 
as  the  road  is  constructed.  This  method  is  especially  eco- 
nomical   where    central    mixing    plants    are    used    as    in    such 


casfiB  there  would  be  no  necessity  tor  pipe  lines.  The  early 
attainment  of  high  strength  makes  it  possible  to  open  roads 
to  traffic  at  an  earlier  date  than  usual  without  danger  to 
the  concrete 

investigations  hearing  upon  the  effect  ol  placing  concrete 
at  low  temperatures  Indicated  that  undei  Buch  conditions  cal- 
cium chloride  incorporated  in  the  iui\  at  the  rate  of  from  2 
to    :'.    per    cent    of    the    weight    ol    .eiiietit     produces    the    best 

results  in  hastening  th.-  Betting  process  of  the  cement,  in 
.-.•curing  an  earlier  strength  in  the  concrete,  and  in  prevent 
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ing  injury  to  the  pavements  by  the  action  of  frost  or  freez- 
ing.    Uniform   distribution   of  the   chemical   may   be   secured 
h\    dissolving  the  material  in   the   mixing   water. 
The   laboratory   experiments    along   this    line   consisted   of 


TABLE      I.— TRANSYKRSK      STI1KN.  M'l  I       IN"      POUNDS      PER 
SQl'AKE    INCH    AT    END   OP    tl    HAYS. 

Modulus  of 
rupture  ai  eragi 
Treatment.  specimens 

No  treatment  given.    Specimens  exposed  t..  air 77.; 

Calcium  chloride  applied  dry  to  surface,  .'i  pounds  per 

square   yard   952 

Covered  with  2  inches  thick,  wet  for  seven  days  812 

Calcium  chloride,   3  pounds  per  square  yard   applied 

with  dirt  1  inch  thick   791' 

"Calcium  chloride  applied  In  concentrated  solution. 

CABLE     IL— TRANSVERSE      STRENGTH      IN      POUNDS      PER 
SQUARE  INCH  AT  END  OP  28  PAYS. 

Mo. lulu-  ..I 
rupture  .u  eras. 
Treatment.  of  .">  sp. 

No  treatment  given.    Specimens  exposed  t..  air .::>'. 

Covered  with  dirt  2  inches  thick,  wet   for  3  days   ...  785 

Covered  with  dirt  1  inches  thick,  wet   for  7  .ta\s   ...  7.11 

Covered  with  dirt   L'  inches  thick,  wet  for  II  days..  7>'a 

Calcium  chloride  applied  do  to  surface,  one  pound  to 

square   yard    • 

Calcium    chloride,    l    pound    to    square    yard    applied 

with  dirt  1    inch   thick    794* 

Calcium   chloride.   3   pounds   to   square   yard    applied 

w-:th  dirt   1  inch  thick    802* 

Covered  with  asphalt.  %  to  %  gallon  per  square  yard  820 

Calcium  chloride  applied  dry.  3  pounds  to  square  yard  907 


•calcium  chloride  applied   in  concentrated  solution. 
TENSILE  STRENGTH  OF  STANDARD  MORTAR  BRIQUETTES 
.  Average  taken  of  3  specimens.) 

Icium  chloride. 


Storage. 

Damp  closet 

Temp    68 

Ice  box 

Temp.  38 ■ 


per  sq. 
33  lbs. 

per  sq.   i 


o   treatment. 
Tested   at 

7  davs, 
320  His 

l.  per  si.   i 

142  IPs 

l.  per  sq.  i 


•Calcium  chloride  dissolved   in   mixing   water. 


2  days 

20C  lhs. 
per  so.  ii 

7.7  lbs. 
per  sq.   it 


(87) 


Tested   at 


3in  lbs. 

p.-r    SI      :n 

206  lbs. 

per  s  |.   in. 


:   ,     'i 

2   .lavs. 
208  lbs. 

all 
Te 

urn 
-t.-ii 

chloride. 

at 

7  davs. 

310  lbs 

per  s.i.   in 
7.7  lbs 

per  sq.  in 
191  lbs 

per  sq.  in 

per  s.j.  in 

I  g    fot     dprH    5,    192, 


D  w  s 

■    In. 

i    in  q    In  -i    In 


making  I  tttn£   time  ol 

nuns  containing  variable  amounts  "f  calcium  chloride     The 
.  n-   ,\ ere  made  up  in  set^  ot  six,  I 

.  .in  Ice  box  i  temperature  38  di 
the  other  thri  tored  In  a  moisl  closel  (tempera- 

w    the   end  ot   two   and    seven   da 
ited  for  tensile  strength,  and  at   the  end 

The 

D    in    Table    III    and    1V       Small 

truncal  I   neat   cement    were   made   up  and  stored 

in  the  Bame  manner  .is  the  other  specimens  and  were  used 
in  the  penetration  tests  tor  determining  the  setting  time. 
A  uniform  penetration  was  secured  In  everj  tesl  through 
the  use  of  varied  weights  on  the  penetration  needle.  The 
i  Sxed    penetration    was    to   eliminate   errors 
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Road    Being   Cured    With    Solution    ot   Calcium    Chloride   and    Dirt. 

which  might  be  present  due  to  early  surface  hardening. 
The  penetration  used  in  all  cases  was  %  in.  Figure  1  shows 
curves  which  illustrate  the  sotting  action  of  cement  in  rela- 
tion to  the  weights  causing  the  penetration. 

It  is  to  be  noted  that  in  the  laboratory  tests  for  tensile 
and  compressive  strengh  the  specimens  containing  2  per 
cent  of  calcium  chloride  showed  higher  strength  ihan  those 
containing  3  per  cent  of  the  material,  while  the  specimens 
which  contained  the  higher  percentage  reached  a  set  earlier 
than  the  others.  Though  no  tests  were  made  on  specimens 
containing  2Vi  per  cent  of  calcium  chloride,  that  amount 
would  probably  produce  the  best  results  in  both  strength 
end  early  setting  time.  Due  to  the  variation  in  action  of 
calcium  chloride  with  different  cements,  it  is  thought  that  no 
fixed  percentage  should  be  advised  for  all 

Fir  cold  weather  field   work  the  cl  as   purchased 

in  granular  form,  in  steel  drums  and  in  100  lb.  bags.     It  was 
i  d  in  about  equal  parts  of  water  and  then  added 
to  the  mixer  drum   before  the  mixer  was  charged  with  the 
batch.     A   sufficient   amount  of  the   chemical    was   added   to 
each  batch  to  Insure  a  i  ontent  ot  about  2  per  cent  by  weight 
amount  of  cement.     This  method   permitted  the  road 
.'i   mncb    more   satisfactorily  and   within 
had  shut  down   at   the   close 
•  urk. 
The   granular    calcium    ohlorii  0    used    in    a    few 

subgrade   to   keep   down    the   dust   and   to 
mbgrade   when   a   low  temperature 
was  expected.    In  these  cases  approximately  2  lb.  per 
prinkled  on  the  sub) 
Alt'  ected    Indicates    that   calcium 

chloride  Incorporated   in  the  mix  may  prevent  concrete  from 
■.  temperatures,  it  was  thought 
that  ti  ght   damai  'I   con- 

to  cover  pavement      with   straw  or 
earth  i  ther.    In  spite  of  the  fact  that 

calcium  chloride  may  not  safely  protect  concrete  at  all  times, 
usage  may  frequently  permit  the  closing  of  Important 
gaps  at  the  end  of  the  season. 


Automobiles     Increased     by     More    Than     1,000,0C0     During 
Past    Year 

With  returns   received   from    til  Btates,  the   U.  S.   Bureau 
of  Pul  that  I  n,(    motor  1 1  hlcli 

tor  the  year  L921  totalled  10,448,632     This  represents  an  In- 

Ol    more    than   a    million    o\er    the    l'.iL'n    'i.  ,    or   a 

number  equal  to  the  total  number  at  the  beginning  of  1913. 
The  greatest  Increases  in  registration  were  In  industrial  sec- 
tions, the  agricultural  Bectloni  In  general  showing  a  smaller 
amount   of  Increa  e      Ni 

than  the  1920  figures.  The  total  amount  collected  as  fees 
of  various  kinds  amounted  to  (122,478,664.  It  has  been  ex- 
pected  that  the  registratio  ear  would  show  a  greater 

tailing  on'  in  the  rate  ol  bun  the  figures  reported 

show        The    Increase    this    yeai  approximately    the 

same  average  rate  that  has  been  maintained  tor  the  last  seven 
years  ami  shows  no  indication  of  the  Deal  I   B  con- 

dition oi    aturatlon  in  the  supply  of  motor  vehicles. 


Concrete  Paving  Prices  in  Iowa.  Concrete  paving  prices 
at  the  beginning  ot  1922  were  the  lowest  in  Iowa  in 
according  to  the  Januarj  Service  Bulletin  of  the  (owa  State 
Highway  Commission.  At  the  Kossuth  County  letting 
ting  on  111'.",  miles  of  18-ft  concrete  pavement  to  be  built 
from  Algona,  the  county  seat,  east  to  Wesley  near  the  Han- 
ountj  line,  the  Job  went  for  $2.69  per  square  yard. 
This  is  at  the  rate  of  $27,350  per  mile.  A  primary  road  con- 
tracl  let  Her.  i,  1919,  wenl  .it  the  rate  of  $3.59.  The  war- 
time peak  price  contract  was  tor  approximately  2  miles 
of  concrete  let  on  Feb  16,  1921.  This  2-mile  contract  for  an 
18-ft.  roadway  totaled  $46,147  per  mile.  The  contract  for  the 
last  section  of  the  Mason  Citj  Clear  Lake  concrete  road  prior 
to  the  war.  was  let  at  .<:' .Is.  per  square  yard.  This  was  at 
the  rate  of  $23,020  for  the  Is  it  road.  The  Mason  City-Clear 
Lake  road  was  for  a  7-in.  thickness  of  pavement  and  the 
Kossuth  for  an  8-in.,  with  nearly  double  the  amount  of  rein- 
forcing steel. 


Makes  Automatic  Tests  of  Road-Building  Materials. — An 
experiment  to  determine  just  how  hard  rock  or  gravel  must 
be  in  order  to  be  satisfactory  for  use  in  building  concrete 
roads  is  being  carried  on  by  the  Bureau  of  Public  Roads 
at  the  Arlington  Experimental  Farms  of  the  United  States 
Department  of  Agriculture.  \i  out  60  sections  of  experi- 
mental road  are  being  constructed,  in  which  practically  every 
variety  of  stone,  gravel  and  sand  will  be  used.  These  sections 
will  then  he  traveled  over  thousands  of  times  by  a  machine 
automatically  operated  and  which  has  the  same  effect  on  the 
pavement  as  a  motor  truck.  This  will  continue  until  the 
wearing  properties  of  all  the  sections  are  determined.  The 
bureau  believes  that  the  results  of  these  tests  will  show 
that  many  local  materials  heretofore  deemed  unsuitable  may 
be  used  safely  in  building  conciete  roads,  thereby  saving  the 
cost  of  importing  stone,  gravel,  or  sand  from  a  distance. 


Railway  Department  Formed  by  Wisconsin  Highway  Com- 
mission.— Through  the  formation  of  a  Railway  Department 
as  an  active  branch  of  Hie  Wisconsin  State  Highway  Com- 
mission, definite  recognition  has  been  'he  necessity 
of  careful  planning  in  tli.  .if  highways  and  expert 
u  of  the  question  of  eliminating  grade  crossings. 
M.  w  Torkelson,  fdrmei  nicer  for  the  Wisconsin 
commission,  has  been  placed  at  the  Rail- 
way Department.  His  work  will  be  chiefly  connected  with 
relocation  of  highways  and  elimination  of  grade  crossings. 
Tin'  Wisconsin  authorities  are  firmly  convinced  that  many 
dangerous  crossings  can  ire  eliminated  by  pri  pi  tep  before 
expensive  Improver  I  out,  and  that  by  careful 
relocation  many  ol  i  i  alto- 
gether. 


Cost  of  Labor  Favorable  to  Road-Building  Program. — Labor 
on  Federal-aid  projects  under  construction  this  year 
indicate  that  there  will  be  no  drawback  along  this  line  in 
the  building  of  roads  during  the  coming  season,  according 
to  the  D  S  Bureau  of  Public  Roads.  The  price  tor  common 
labor  ranged  around  LT.  and  30  ct.  an  hour  in  a  great  majority 
of  Hi,  in-   somewhat    '.I,,    in    the   Southern   States 

ami   Koini-   > 1 1 >   to  marly  B0   el     ,im    hour   in   the    Pacific    States. 

The  prices  of  teams  reported  were  In  a  great  mat 
as  low  as  the  1914  level.    It  is  probable,  however,  that  there 
will  he  an  increase  when  •  season  begins,  as  teams 

i  heaper  in  v.  It 
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Surface  Treatment  of  Gravel  Roads 
With  Tar 

Experiences  of  Maine  State  Highway  Commission 
Described  in  Paper  Presented  at  Annual  Confer- 
ence on   Highway  Engineering,   at 
Ann  Harbor,  Mich. 

By  PAVL  D.  SARGENT. 
Chief  State  H         ....  \j 

For  the  last  8  years  the  Maine  State  Highwaj  Commission 
has  been  surface  treating  gravel  roads  with  success.  During 
thai  time  we  have  used  exclusively  a  refined  tar  product 
suitable  for  cold  application. 

The  Early  Treatment  Method.-  Naturally,  we  more  or  less 
followed  in  our  early  tar  applications  methods  in  vogue  at 
that  time.  We  attempted  to  get  r.  true  crown  on  our  gravel 
roads  by  adding  an  inch  or  an  inch  and  one-half  of  new 
gravel  where  necessary  and  then  by  the  use  of  a  drag  or 
light  grader  truing  up  the  surface  before  the  application  of 
the  bituminous  material.  The  first  year  this  work  was  done 
on  any  scale  we  applied  our  bituminous  material  in  two 
applications.  In  May  we  used  about  0.4  gal.  to  the  square 
yard  and  about  the  tirst  of  August  retreated  all  of  these  sur- 
faces with  an  additional  0.2  gal.  per  square  yard.  Treatment 
was  laid  only  10  ft.  wide.  The  real  thing  we  sought  to  do 
with  this  treatment  was  to  bond  the  loose  surface  material  to- 
the  tightly  bonded  surface  below  it,  and  we  fairly  well  accom- 
plished this  result. 

By  the  end  of  the  season,  however,  we  observed  that  on 
certain  sections  of  our  roads  so  treated  there  was  a  slight 
rippling  and  waving  of  the  surface.  It  occurred  to  us  that 
this  might  be  on  account  of  the  fact  that  we  had  not  secured 
an  effective  bond  between  the  loose  surface  particles  of  the 
road  and  the  tightly  bonded  gravel  beneath.  In  other  words, 
the  material  which  had  been  impregnated  with  tar  had  laid 
more  or  less  as  a  mat  upon  the  surface,  and  not  being  suffi- 
ciently filled  with  mineral  aggregate  had  pushed. 

We  had  obtained,  however,  a  much  more-  satisfactory  sur- 
face, generally  speaking,  than  we  had  ever  before  seen  on 
any  surface  treated  road.  The  good  sections  presented  the 
appearance  of  a  first-class  bituminous  macadam  surface,  tightly 
sealed,  smooth  and  dustless.  As  might  have  been  expected, 
the  edges  of  the  bituminous  treated  section  sheered  off  and 
crumbled  away  on  account  of  so  much  traffic  turning  out 
for  meeting  and  passing. 

The  Next  Development. — Our  next  development  was  an 
attempt  to  clean  the  gravel  surfaces  before  the  application 
of  the  tar.  This  was  accomplished  by  the  use  of  graders 
and  drags  and  later  by  using  a  street  sweeper  and  finally 
by  following  that  with  hand  sweeping.  We  also  increased 
the  width  of  our  treatments  to  15  ft.  We  found  that  all  of 
these  steps  gave  us  a  much  improved  surface  and,  in  fact, 
since  the  first  year  we  have  used  tar  we  have  never  made 
but  one  application  to  any  gravel  surface  during  a  season. 
No  sand  Covering  was  used  during  our  first  two  or  three 
years  of  treatment.  The  tar  was  applied  on  warm,  dry  days 
from  an  automobile  tank  distributer  under  pressure,  and  we 
just  allowed  the  tar  to  lie  on  the  road  until  it  was  absorbed 
and  took  its  set. 

Needless  to  say,  we  had  much  complaint  from  the  travel- 
ing public  on  account  of  the  dangerous  condition  of  a  freshly 
tarred  surface  for  rubber-tired  traffic.  We  attempted  to 
obviate  this  danger  as  far  as  possible  by  treating  one  side 
of  the  road  at  a  time.  We  would  do  a  considerable  stretch 
of  road,  anywhere  from  6  to  10  miles  long,  and  treat  it  on  one 
side  only.  While  the  treatment  was  being  put  on  the  first 
side  the  other  half  of  the  road  was  left  open  for  traffic  and 
by  the  time  we  had  the  first  half  finished  the  tar  that  had 
been  first  laid  was  well  enough  set  so  that  traffic  could  go 
on  it.  Then  the  other  half  of  the  road  would  be  treated  in 
the  same  way. 

We  observed,  of  course,  that  steel-tired  traffic  wherever  it 
ran   on   the   freshly   tarred   surface    stripped   the   bituminous 


material  from  the  surface.  This  made  it  necessary  to  do 
more  or  less  patching  by  band  U  o,  on  account  of  the 
increasing  automobile  traffic,  which  was  continually  getting 
on  to  the  freshly  tarred  surface,  we  found  it  necessary  to 
sand  the  tarred  surface  a  few  hours  after  application. 

For  tin'  last  three  of  four  years  we  have  mad.-  a  practice 
of  treating  all  of  our  surfaces  IS  ft.  in  width,  which  has 
practically  obviated  the  necessity  of  any  patching  on  the 
-boulders  or  edges  of  the  treated  surface.  Eighteen  feet  in 
width,  which,  by  the  way.  is  our  standard  width  ol 
mriits  and  hard  surfaces  today,  affords  a  good  double  track 
way.  We  have  been  following  the  practice  during  the  last 
three  or  four  years  of  Immediately  covering  the  bituminous 
material  with  a  light  application  of  iand.  By  immediately, 
1  mean  that  within  5  or  10  minutes 

delivered  tar  to  the  surface  of  the  road  it  lias  been  covered 
u  it li   sand. 

Points  Regarding  Application  of  Sand. — There  are  one  or 
two  points  about  sanding  that  I  think  should  be  spoken  of. 
We  place  the  sanding  gang  at  intervals  of  150  to  200  ft.  apart, 
according  to  the  length  of  road  that  the  tank  of  tar  will 
cover.  Immediately  the  tar  tank  has  passed,  these  men 
begin  to  sand  and  the  sanding  is  started  at  the  center  of  the 
road  and  first  a  place  is  made  where  passing  vehicles  may 
turn  out  on  the  freshly  tarred  surface.  This  affords  traffic 
meeting  places  at  stated  intervals,  so  that  with  careful  driv- 
ing it  is  not  necessary  for  a  vehicle  to  become  smeared  or 
spattered  with  tar  or  to  take  the  risk  of  skidding  incident 
to  driving  on  a  freshly  tarred  surface.  Our  sanders  are  also 
instructed  to  keep  an  eye  to  the  traffic  so  in  case  anyone  gets 
into  difficulty  we  will  have  some  witness  as  to  what  actually 
happened.  These  men  also  more  or  less  caution  drivers  to 
be  careful.  Where  we  are  applying  tar  over  a  summit  grade 
we  always  plan  to  have  a  sander  stationed  at  the  summit 
to  keep  an  eye  to  passing  vehicles  and  to  warn  them  against 
collision.  These  are  points  we  have  learned  from  experience 
and  we  have  found  them  to  pay.  I  offer  the  suggestions  for 
what  they  are  worth. 

Present  Standard  Practice. — I  might  say  that  in  general 
we  have  developed  the  following  standard  practice:  As 
early  as  we  can  get  on  the  roads  in  the  spring,  that  is,  when 
the  roads  begin  to  settle  and  dry  out  after  the  frost  has  left 
them,  we  begin  shaping  with  the  road  grader.  The  roads 
are  carefully  watched  during  the  two  or  three  weeks  while 
they  are  settling  and  are  shaped  either  with  a  drag  or  blade 
grader  several  times  if  necessary  to  have  them  settle  with 
as  true  a  contour  as  possible.  The  next  step  in  our  surface 
treatment  is  to  draw  out  sand,  which  is  left  on  the  shoulder 
of  the  road  in  piles  of  about  >4  yd.  every  25  feet.  Generally 
speaking,  we  use  about  50  yd.  of  sand  to  a  mile  of  cover. 
We  use  less  sand,  however,  on  a  brand  new  treatment  than 
we  do  on  retreatment.  Sometimes  as  little  as  30  yd.  to  a 
mile  is  used  on  the  original  treatment.  Retreatments  will 
take  from  40  to  50  yd.  per  mile,  as  the  tar  has  less  oppor- 
tunity to  penetrate  into  the  surface  of  the  road.  The  next 
step  is  to  clean  the  surface  of  the  road  of  all  loose  mate- 
rials. If  a  pocket  of  sand,  dust  or  stone  is  left  on  the  sur- 
face we  are  absolutely  sure  to  have  the  treatment  break  over 
that  pocket  in  a  short  time  after  application.  This  cleaning 
is  done  by  the  use  of  a  street  sweeper  behind  a  light  truck 
and  if  further  cleaning  is  necessary  after  the  sweeper  has 
finished  this  is  done  by  men  with  push-brooms.  Then  comes 
the  tar  distributing  gang,  which  is  equipped  with  Kinney 
pressure  distributers  mounted  on  3%-ton  trucks.  We  have 
limited  ourselves  to  this  size  of  equipment  because  it  is  as 
heavy  as  our  roads,  generally  speaking,  will  carry.  We  have 
a  law  which  limits  the  gross  weight  of  load  to  9  tons,  and 
I  am  free  to  say  that  one  of  these  600-gaI.  tanks  filled  with 
bituminous  material  will  a  little  exceed  the  limit  set  up  by 
statute  for  the  gross  weight  of  load.  Under  average  con- 
ditions one  tank  truck  will  spread  about  2,500  gal.  of  tar 
per  day. 

We  still  hold  to  the  practice  of  tarring  one  side  of  the 
road  at  a  time  and  several  days  may  elapse  between  the 
tarring  of  the  first  side  and  the  tarring  of  the  remainder  of 
the  road.  As  pointed  out  above,  immediately  after  the  tar 
is  applied  a  light  sanding  is  given.  We  put  on  just  enough 
sand  to  fairly  blot  the  bituminous  material  and  keep  it  from 
running  off  the  crown  of  the  road  to  the  edge.  The  surface 
is  carefully  watched  for  three  or  four  days,  and  if  evidence 
of  bleeding  shows  up  spots  where  this  occurs  are  treated  with 
more   sand.      Sometimes   after   a    treatment   has    been    down 
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tor  two  <>r  three  weeks  an  extremel]  hot  da]  will  start  a 
little  bleeding.  This  is  watcbed  carefullj  b]  the  patrolman 
ami  the  Bami    treatmenl  ol  light  Banding  given 

in  the  treatment  of  new   gravel  surfaces,  thai  is.  surfaces 

which    bav«    never   received    a    tr<  itmenl    before    but    which 

may  base  tak.'ii   traffic  anywhere   from   two  to  four  or   Bve 

with  an  occasional  resurfacing  "t   gravel,  we  use  not 

ceed   '.   gal    per  square  yard,  and  In   more  cases  prob- 

nhlj  16  u.ii    pei   square  yard  for  the  treatment 

The  amount  of  material  depends  upon  the  tightness  of  the 

We  ii.i\ ••  found  thai  tit  •  smallest  quantit)  ol  mate 

rial   in    ran   use  and   got   the  BUrface  covered   ^i\  '-s   us   the 

best   result      With  a   small  quantity   we  never  have  trouble 

from  rippling  or  waving  of  the  Burface,  provided  the  gravel 

is  in  pr<  per  shair  to  receive  the  treatmenl  when  it  is  given, 

that  is.  thorough!]  bonded  and  tight  with  no  pockets  ol  loo  e 

gravel,  dust,  or  other  material      We  also  find  thai   surface: 

which  have  n    eived  a  small  quantity  of  tar  can  be  ce-treated 

for  a   longer  time  than   surfaces    which    have   I a   given   b 

heavier  treatment  Those  which  have  received  tin-  heavlei 
treatmenl  "ill  ripple  ami  get  out  ol  shape,  say  In  two  or 
three  oi  foui  years,  while  sections  receiving  a  light  treat 
menl  'an  be  maun. lined  without  breaking  up  for  a  consid 
erably  longer  time. 

it  must  he  borne  in  mind  that  the  addition  of  the  bitu- 
minous Burface  treatment  to  a  gravel  road  does  nothing  hut 
re  the  surface  against  disintegration  from  passing 
traffic,     it   ''■'•■■-   not   material!]    strengthen   the   road   in   the 

that  it  "ill  cause  the  road  to  carry  heavier  loads  than 
the  crawl  surface  Itself  or  the  foundation  upon  which  it  is 
laid    will   sustain.      Surface    treatment    will    not    supply    or    take 

the  place  ot  drain 

Maintenance     of     Surface     Treated     Sections.     Our     surface 

.',  sections  are  kept  under  constant  patrol  maintenance. 
We  patrol  these  i  "ids  with  a  light  truck  and  two  men  and 
they  are  assigned  lections  anywhere  from  12  to  is  miles 
long.     Besides  watching  the  bituminous  surface  and  mending 

any   small  hreaks  that   may   occur     and    we   have  these  breaks 
OCCaslonall)      and     patching    the    shoulders,    these    men    also 
•he  dirt   shoulders   Bhaped   bj    dragging,   keep  the  gut- 
ad  culverts  clear,  and  do  whatever  other  work  is  neces- 
sary      We    suppl]     about     3    bbl.    of    bituminous     material 
like    that    with    which    the   road    is    treated   tor   each   mile   of 
-  .       This  material  is  mixed  with   sand  and   kept   in   stock 
plies.     The  mixing  is  usually  done  by  hand,  and   we  use  about 
17  gal.  oi   tar  to  cu.  yd.  of  sand.      In   a   few    instances   we  have 
a  small  concrete  mixer  to  prepare  the  tar  and  sand  for 
patching  and   we  have  been  aide  to  use  as  little  as   It   gal.  to 
a   yard  of  sand   when  the  mixing  is  done  in   a   concrete   mixer. 
Patches  an-   made   by  simpls    cleaning   out    I  he   hole,   throwing 
in  the  mixture  if  bituminous  material  and  sand  and  patting  it 
in   with   a   shovel.      Any   I. ad    breaks   on   the   shoulders   are   re- 
paired   the   satin-   waj 

Condition  of  Gravel  Treated  Surfaces  in  Spring.  -The  most 
>ii  our  gravel  treated  surfaces  do  not  remain  intact  over  the 
-print  period,  a  good  deal  of  it  hreaks  up.  This  is  due  to 
several    cause-        An    open    winter    which    allows    the    frost    to 

penetrate  deepl)    into  the  roadbed  and  allows  traffic  to  run 

all    winter    long,    or    heavy    traffic    coming    on    these    surfaces 

Alien  the  frost   is   leasing  and  the  surfaces  are  Mitt   will  break 

up    and    generally    disintegrate    tin-    surfaces.      This    reall]     is 

more   or   1688   of  an   advantage,    because    if   obviates    the  neces- 

■    breaking    up    these    surfaces    and    we    save   just    that 

much    expense    In    getting    the    surface    ready    for    subsequent 

..-nts.     I  have  in  mind  one  section  of  gravel  road  which 

triad  ,i.i|  during  the  summer  of  1920,     Most  every- 

i   led    it    a    g( ectiOD    "t    load;    in    fact,    man]    aiitomo 

have  referred  to  it  as  bituminous  macadam  and  many 

■ . f  our  citizen e   refer  to  our  surface  treat.,!  gravel   roads  as 

macadam    roads,   especlall]    when   they   want    to 

teii  about  a   bituminous   road   tie-   Hlghwaj    Commission   has 

built    which    ha-    failed    in    the    winter       The    particular    BeCtiOD 

i  refer  to  was   bo  bad  during  March.   1921,  thai  automobiles 

COUld    not    past   over   it.  or   through    it.      For    I    or  5   miles   this 

ol   i I   was  literally  a  sea  of  mud   for  a   period  ol   about 

•      tin'    surface    treatment     completel] 
peered         We     reshaped     the     road     as    it     dried     out     and 

]..  i    ipring      ii    presented   a   good    surface   all 

through  the  BUmmer  and  fall  until  it  was  covered  with  snow 
I    apprehend    thai    tin-    coming    spring    will    be    a    repetition    nf 

.  r,riir  ,,r  [92]     Tiie  road  will  be  in  about  as  bad  condition 
u  then  bm   !  .   .inn,    i :.  n   will  look  like  a  boulevard 
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on  I  In-  other  hand.  I  have  in  mind  one  .section  of  surface 
treated  gravel  mad  which  is  built  on  a  sandy  foundation 
when-    Hie    drainage    is    perfect     that     has    never    broken    up 

(luring  the  laal  B  yean  it  get-  a  re-treatmenl  about  every 
othei  year,  maybe  1  6  or  1  t  gal.,  a-  the  gang  goes  by,  ami 
during  the  intervening  year  it  does  not  get  treated.  This 
particular  section  shows  evidence  of  slight  ripples     it   is  on 

our  heaviest  traveled  line,  where  the  snow  leases  earliest  in 
the  siring  ami  we  have  tie  mosl  Bevere  truck  traffic  in  the 
Stale. 

We  base  a  gi  oil  main  ,,i  ,,i  ,,|  siirtai  ■■•  treated  gravel 
roads  which  do  not  break  up  m  the  spring  The  most  of 
these  se,  tioiis  get  a  re  t  real  iin-n  I  each  sear.  The  second  year 
the  amount  of  tar  which  we  has.-  used  ha-  been  from  0.8  !■• 
':,  of  a  gal.  per  si|iiare  said  I'm  the  third  and  fourth  years 
ile  amount    has   run  as   light    a-    ',    gal,   and    in   some    instances 

n  ■:      These  surfaces  are  quite  apt,   however,  after  three  or 

lour     le  treatments,     to     lei  nine     rlppl]      enough     so     as     to     be 

uncomfortable  to  rule  over.  Tins  condition  is  dm-  to  a  com- 
bination  of   reasons.      One   is    that    we    may    have   as    much    as 

1V4  or  l'  in.  oi  tar  penetration  winch  becomes  separated  from 

Hie  gravel  road  itself  on  account  of  the  passage  nl  In-ass 
loads  when  the  frost  is  coming  out  of  the  roads  and  the  whole 
loadbed   is  more  or  less   sot; 

Method  of  Treatment  for  Wavy  Surfaces.  Where  this  ten- 
dency exists  at  all  it  is  ahsass  mote  pronounced  where  the 
surface    has    received    BUCCe      Ive    treatments    than    w  here   only 

one  oi   two  treatments  base  been  given      Bach  year  we  have 

to  break  up  more  or  less  ol    tins   kind   of   surface  and   get  the 

road  in  shape  for  ness  treatment     The  method  used  is  about 

as  follows:  We  take  a  Bection  of  road  about  1,000  ft.  long; 
it  is  broken  up  either  by  using  a  pressure  scarifier  on  a  steam 
roller  or  by  using  a  heavs  blade  grader  behind  a  truck  or  a 
roller  and  setting  the  blade  30  thai  it  will  do  more  of  a 
plowing  operation  than  a  scraping  one.  The  bituminous 
surface  is  in  this  way  broken  up  into  junks  anywhere  from 
2  in.  to  1!  or  3  ft.  square.  We  nexl  take  a  road  grader  and 
scrape  this  whole  surface  oft  to  the  shoulder  of  the  road, 
then  we  plane  the  roadbed  below  to  as  true  a  surface  longi- 
tudinally and  transversely  as  possible.  We  then  work  back 
a  portion  of  the  bituminous  bound  material  from  the  shoulder, 
distributing  it  over  the  surface  In  this  distributing  opera 
tion  the  bituminous  bound  gravel  is  broken  up  more  or  less 
Into  small  chunks.  We  then  leave  the  road  for  two  or  three 
days  for  traffic,  which  materially  helps  in  further  breaking 
up  these  pieces  of  bituni inoiis  bound  gravel,  then  the  road 
grader  is  brought  on  and  further  working  of  the  surface  Is 
given  just  by  pushing  the  junks  around  and  pulling  in  more 
from  the  sides.  By  watching  the  surface  carefully  and  using 
the  road  grader  every  two  or  three  days  we  base  been  able 
to  get  the  surface  back  into  reasonably  smooth  condition,  It 
presents  more  or  less  of  a  mottled  or  mosaic  appearance. 

Gravel  which  has  been  covered  with  the  bituminous  mate 
rial  has  lost  its  binding  properi  s  and  it  is  necessary  quite 
often  to  add  a  bit  of  good  binding  material  here  and  there 
to  complete  the  bonding  of  the  surface.  This  binding  mate- 
lial  is  used  sparingly.  We  do  not  intend  to  have  enough  to 
leave  any  appreciable  amount  of  dust  to  be  swept  off  prior 
to  the  new  treatment  As  soon  as  we  have  the  surface  in 
shape  we  plan  to  imnieiliai eh  give  [I  a  new  application  ol 
tar.  We  find  that  one  of  these  surfaces  broken  up  and  re 
Shaped  as  just  described  is  sirs  hard  to  keep  in  true  contour 
under  traffic,  and  if  it  is  allowed  to  go.  say  two  weeks,  sve 
may  have  to  break  it  up  and  reborn!  ii  before  the  tar  surface 
treatment  is  given,  else  it  would  be  so  uneven  as  to  be  a 
bad   riding  road  all  through  the   season, 

Experience    has    shown    that    one    ot    these    old    tar    -n 
can    be   scarified    and    broken    up   much    more   easily   when    the 
temperature    is    between    60    and     70       K     than    during    cooler 
weather      Good    svarm.  sunny    weather  also   materlall]    assists 

in  breaking  up  the  junks  of  tarred  gravel  which  are  left  on 

the  sin  face  of  the  road. 

tine  thing  sve  have  satisfied  ourselves  upon  is  the  fact 
that  sve  cannot  success!  nils  appl)  tar  surface  treatment  on 
a  wet  road  or  on  a  damp  road  We  have  also  had  tin- 
experience  of  rain  falling  within  two  or  three  hours  after 
tar   has    been   applied   and    before   the    tar   has   taken    any    set. 

and    with   a    traffic   say   of    luu    to   2 ats    per   hour    this    has 

r<     lilted    in    making    a    mil    h\     -iiriace    which    it    is    practical!] 

Ible  to  Hue  up  ami  make  satisfactory.    We  have  prac 

tlcally  come  to  the  conclusion  thai  When  this  condition  pie 
sails    we   would   do   better  to   scrape   the   new    tar   surface   right 
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oil  on  the  shoulder,  throw  it  away,  reshape  our  road  and 
put  on  a  new  application  of  tar.  We  will  spend  more  money 
In  patching  the  surface  which  is  l;iid  under  these  conditions 
than  it  would  cost  to  replace  the  surface,  and  such  surface 
after  patching  has  never  been  satisfactory 

Cost   of   Tar    Application.— During    the    last    four    years    our 
surface  treatment  work,  plus  the  cost  ol   patrol  maintenance, 

for  a  season  of  eight  months,  lias  averaged  to  co  I   -l per 

mile  \\'e  estimate  sand  to  cost  us  an  average  ol  $2.00  per 
cubic  yard  delivered  in  piles  along  side  the  road     Tai   costs 

;  2   In   tank  cars  delivered  on   the  nearest   railroad   siding. 

\\ ,    figure  the  cost  of  applying  the  tar  al    $0.02   pei    gallon. 

Sanding  costs  about  (0  75  per  cubic  yard  of  sand.      Using,  say 
I. sal   ol  tai   per  mile  gives  us  a  cost  for  tar  on  the  road- 
bed ol  {560;  50  yd.  of  sand  will  cost  $100,  applying  the  same 
making   the  cost   of  the  tar  treatment    covered   with 
697  50 
Cost  of  Shaping.     The  average  cost   Ol   shaping  and   gelling 
the  surface  ready  tor  treatment  in  the  earlj   spring  would  be 
aboul    $25.00   per  mile.     We  use  ordinarilj    a   2-ton   truck   to 
draw    the   road   machine.     The   truck   rental    would    be   $1"    per 
day.  the  driver's  pay  $3.75  and  a   helpei    {3       ["he   rental  of 

the  road  grader  is  figured  at  $2  per  day.  Gas  and  oil  will 
run  from  $5  to  $6  a  day.     This  outfit   will    ivi  mooth 

four  miles  per  day  Usuall]  on  the  first  Smoothing  we  make 
about  four  round  trips  per  mile.  On  subsequent  smoothings 
possibly  two  trips  will  do.  it  all  depends  upon  ih>  condition 
of  the  road  when  it  is  smoothed  and  the  subsequent  condition 
of  rain   and   settling  of  the  road. 

Cost   of    Sweeping. —  For    sweeping    me    use    a    mechanical 

Sweeper  drawn  by  a  light  truck.  sa>  a  ,  Ion  or  a  1  ton  truck. 
We  usually  make  four  round  trips  with  the  sweeper,  ami  tins 
outfit  will  sweep  about  two  miles  per  day.  as  we  can  only  run 
the  sweeper  about  three  miles  per  hour  The  expense  lor 
BWeeping  would   run  about   as  follows: 

Pi  i  daj 

Truck  rental    

Oil  a  nd  i:.is    2.00 

Driver     

Helper    ::  "" 

Rental   <>t   sweeper   2.00 

Total     $15.75 

On  the  basis  of  sweeping  two  miles  per  day  this  gives  a 
cost  of  $7.87  per  mile. 

Cost  of  Patrol  Work.— The  balance  of  the  $1,000  is  paid  tor 
patrolling  the  road  through  tie-  season.  The  usual  patrol 
gang  in  bituminous  surface-treated  gravel  roads  is  a  patrol- 
man with  a  1-ton  truck  and  helper.  According  to  the  amount 
of  traffic  and  the  condition  of  the  road,  this  outfit  will  cover 
anywhere  from  12  to  IS  miles  of  road.  The  outfit  costs  $13  75 
per  day.  made  up  as  follows: 

Rental  ■•!  one-ton  truck   

cl.is   .end   oil    2  00 

Patrolman,   win.  drives  the  truck   3.75 

Helper    

These  gangs  work  an  average  of  200  days  per  year,  so  if 
the  patrol  section  was  133-.,  miles  long  the1  average  cost  per 
mile  would  be  just  $200. 

Based  on  the  figures  given  above,  this  would  show  a  main- 
tenance cost  of  $930.37  per  mile.  I  have  said  that  on  new 
roads  we  use  ty  gal.  of  tar  per  square  yard.  That  will  in- 
•  the  cost  $14u  per  mile  over  the  figures  already  given. 

Where  it  is  necessary  to  scarify  or  break  up  the  old  bitu- 
minous surface,  we  run  into  a  considerably  larger  expense  for 
preparing  the  surface  than  indicated  above.  I  think  I  have 
given  enough  explanation,  however,  to  show  that  the  average 
.est   is  very  close  to  $1,000  per  mile. 

There  is  one  point  that  I  neglected  to  mention,  and  that 
is  that  quite  often  in  making  an  original  treatment  if  traffic 
is  running  fairly  heavy  and  it  will  take  us  six  or  eight  days 
to  treat  the  section  we  are  working  upon,  we  will  slide  over 
the  road  with  a  priming  coat  of  the  tar  material,  using  0.2  to 
0.25  gal.  per  square  yard,  the  quantity  depending  upon  the 
tightness  of  the  surface.  This  will  hold  our  surface  in  perfect 
condition  under  traffic  for  a  week  or  ten  days  We  imme- 
diately apply  the  balance  of  the  quantity,  sand,  and  finish  up 
the  job.  We  have  almost  come  to  the  conclusion  that  it 
would  be  good  practice  to  do  the  priming  everywhere  on  new 
surfaces.  It  gives  a  better  penetration  of  the  bituminous 
material,  besides  holding  the  surface  in  proper  contour  until 
the  treatment  can  be  completed. 

Traffic  on  Surface-Treated  Gravel  Roads.  I  ought  to  state 
before   closing   that    we   have   many   miles   of   surface-treated 


gravel  roads  which  an-  carrying  a  12-hour  traffic,  from  7  a.  m. 

to  7   p.   m.  averaging  from   2,300   to    '-.' vehicles   per  day 

lor  a  week's  time,  with  a  maximum  traffic  during  the  12 -hour 
period  of  as  high  as  5,500.  This  traffic  continues  for  a  pel  lod 
of  tour  to  five  months,  from  about   tie    20th   ol    May  until   well 

toward  the  first  of  October. 

\\..  Hud  it  impossible  to  bold  our  gravel  surfaces  in  satis 
factor)  i  ciniiition  by  ordinary  patrol  maintenance  methods, 
that  is.  dragging  and  patching  with  graved,  when  the  traffic 
,  icceeds  500  to  600  vehicles  per  12-hour  day.  and  tin  expense 
of  such  maintenance  runs  about  (I per  mile. 

The    material    which    we   use    for   surface    treatment    falls 

within  the  specification  T  ('.  1.  tar  for  cold  application,  Bul- 
letin No.  691,  r.  s.  Department  ol   Agriculture. 

Credit    for  the   most  of  the   developments   we   have   made   in 

Burface   treat nl   of   gravel    road     i     due   to   A.   .1.   Wiggin, 

Superintendent  of  Maintenance  ol  the  Maine  State  Highway 
i  lepartment. 


A  Methcd  of   Finishing  Joints  in  Concrete 

Pavement 

By   E.    E.    BAUER, 
Instructor     in     Hlghwej      Engineering       '   niversitj     ol     Illii 
i  i  bana,  111. 

The  securing  of  a  smooth  surface  on  a  concrete  slab  aja- 
cent  to  the  transverse  joint  has  been  such  a  source  of  trouble 
that   many  engineers   have   eliminated    the   joint    from    thi 
designs       The    chief   difficulty    i-     that    tin-    concrete    within    a 
foot   either  side   the   joint    is    invariabl)    piled    too   high    and 


Finisher  at   Work 


ith   the   Straight- Edge 


none  of   the  operations  of  finishing   succeed   in   bringing   tin 
surface  down. 

It  is  a  common  practice  to  test  the  joint  before  the  con 
crete  has  set  by  touching  a  straight-edge  to  the  surface  at  a 
number  of  points  across  the  slab.  This  method  will  catch  a 
number  of  the  irregularities,  yd  it  may  also  miss  many  high 
and  low  places  in  between  the.  points  where  the  straight-edge 
is  used.  Furthermore  the  concrete  is  soft  and  the  straight 
edge  will  sink  in  a  small  amount  at  various  points,  thus 
making  it  appear  that  the  surface  is  all  right. 

It  is  quite  generally  agreed  that  the  best  way  to  secure- 
a  smooth  surface  is  to  use  a  templet  moving  longitudinally 
along  the  slab.  At  joint,  however,  we  need  a  templet  moving 
transversely   across   the   slab  to  cut   off   the  excess  concrete 

This  idea  was  carried  out  by  the  local  contractors  last  sum- 
mer and  uniformly  excellent   iesults   were  secured. 

The  concrete  for  the  slab  is  placed,  shaped,  rolled  and 
belted  once  in  the  usual  fashion.  The  straight-edge  required 
by  the  specifications  is  then  used  as  a  templet  or  cutting  tool. 
The.  finisher  begins  at  the  middle  of  the  slab  and  works 
toward  the  gutters.  He  draw-  tin-  straight-edge  over  the 
surface,  giving  it  a  slight  longitudinal  motion  as  he  moves  it 
transversely  across  the  pavement.  The  finisher  must  hold 
the  straight-edge  so  that  the  ends  will  just  touch  the  surface 
established  by  the  templet  nice  dig  along  the  slab.  This  may 
seem  a  little  hard  at  first,  but  a  skilled  workman  will  do  it 
easily  after  one  or  two  attempt- 
After  the  straight-edge  has  been  used  in  this  manner,  the 
only  work  that  should  be  done  on  the  slab  is  to  give  it  the 
final  belting  and  run  the  edging  tool  along  the  joint. 
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Gravel  Road  Maintenance  in  Ontario 
County 


Methods    Employed     by     Canadian     County,     Described     in 

Paper  Presented   March  2,  at  20th  Annual   Meeting 

of  Ontario  Cood   Roads  Association 

Bj  D.  .1    KB  W 

unty. 

most  Important  points  to  bi  In  the 

or  maintenas  d  arc  drainage  and  foun- 

doI  matter  whether  tin-  surface  be  earth, 
mar. i. lam  oi    concrete,   Its   life  depends  on  a 

I    ■    stability  of  the  foundation  depends  on  ade- 

Of    a    Subsoil    saturated    With    wal.T    cannot 
furnish   a   (  Hon. 

Drainage   Methods.— To  drain  the   surface  Ol   the   roadways 
dd   sufficient  crowi  be   water   into  the 

..-.    provided  to  carrj    the  Burfai  i 

tlel      Dnder-dralnage  is  used  to  lower  the  water 

soil  and  keep  it  at   a  sat.-  distance  troi 

foundation  and  also  to  centralize  the  location  and  direction. 

Ondi  pts  the  How  of  sub-surface  water  be- 

road.     In  this  way  the  ground  dries 

quickly  in  the  Spring  avoiding  d  spongy  road  that 

would   soon  become   a   mass   of  mud      A    road   on  a  wet  un- 

ttom    \\  ill    always    he   troublesome   and    expensive 

to  maintain,  and  when  um  consider  the  expense  the  munici- 

irl  diction  over  these  undrained  sections  of 

road  :<■  i  with  each  Spring,  and  the  inconvenience 

the  traveling  public  are  subjected  to,  tile  under-drainage  and 

proper  side  ditches  are  surely  beneficial  and  economical.     It 

is   therefore   economy  in  the  long  run  to  go  to  considerable 

expense  in  making  the  drainage  of  the  sub-soil  as  perfect  as 

possible. 

Particular  attention  should  be  given  to  under-drainage  at 
points  50  to  200  ft.  or  more  down  grade  from  the  top  of  a 
hill,  and  particularly  so  if  the  roadway  is  in  an  excavation 
a  sidehill  cut.  Water  will  filter  out  to  the  surface  at 
points  and  the  entire  skill  of  the  road  builder  will  have 
to  be  exercised  to  prevent  the  road  heaving  and  breaking 
up  into  a  mire  in  spring  time.  In  such  cases  put  in  ample 
tile,  do  not  curtail  the  under-drainage,  but  care  must  be 
exercised  to  provide  a  proper  grade  and  a  good  outlet  for 
the  tile,  otherwise  poor  results  will  be  obtained  if  the  tile 
is  indifferently  laid.  Sometimes  a  blind  drain  may  he  used 
to  good  advantage. 

Side  ditches  and  a  proper  crown  are  essential  to  all  country 
roads,  the  object  of  the  side  ditches  being  to  drain  the  water 
from  the  traveled  roadway.  The  grade  of  the  ditch  should 
be  such  that  the  water  is  carried  rapidly  to  a  good  outlet. 
Surface  drainage  of  the  traveled  portion  of  the  road  is 
iplished  by  niving  it  a  crown,  the  proper  crown  will 
vary  with  the  nature  of  the  roadway  For  earth  or  gTavel 
roads  a  usual  crown  is  from  %  in.  or  1  in.  to  a  foot  It  is 
not  good  policy  to  have  too  much  of  a  crown,  for  then  the 
traffic  is  concentrated  in  center  whereas  we  wish  to  dis- 
tribute the  traffic  over  the  whole  of  the  traveled  portion  of 
the  road. 

Maintenance  Methods.— When  the  gravel  road  requires 
dragging  at  frequent  intervals,  it  may  be  due  to  the  gravel 
becoming  worn  out,  having  very  little  metal  left  in  it,  at 
the  same  time  being  subjected  to  unusually  heavy  traffic  or 
to  extremes  of  wet  or  dry  weather.  It  is  good  economy  to 
spread  a  thin  layer,  according  to  the  condition  of  road  and 
traffic  requirements,  of  fine  pit  or  cementitious  gravel  over 
the  surface  and  rolling  it  If  a  roller  be  available.  If  not  the 
traffic  will  compact  it  by  reason  of  the  fineness  of  the  ma- 
terials and  the  thinness  of  the  | 

Two  principles  are  involved  in  the  use  of  the  drag.  The 
first  Is  the  length  and  position  of  the  hitch,  and  the  second 
is  the  posi'  iriver  on  the  drag.     For  ordinary  pur- 

poses fasten  the  clevis  on  the  chain  at  such  a  point  so  that 
rag  unloaded    will    follow    the   team   at  an   angle   of  45 
degrees.     In  this  position  the  earth  moves  freely  along  the 

lf|   on   the   team   is  light,   if  tin 
In  the  line  of  the  draft. 

Sometimes    conditions   are    met    with    that   require    special 

treatment  but  for  the  most  part   road  working   with   this  im- 

Dt  Is  very  simple.     The  object  of  such  treatment  Is  to 
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from   the   side   toward  the   center  of   the 

roadway,  to  till  the  holes  and   ruts  and  to  raise  the  center 

i        surface  at  the  sides;  there  will  generally 

I),,  tonii  lod   material  at   sides  of  road  which 

a  i  rowded  out  by  traffic.    This  material  if  not  dragged 

in  toward  the  cental   ol  the  road  will  soon  accumulate  and 

i    water   from   escaping   to  ditches.     The  traffic  then 

will  BOlidlfj    ne    fresh  material  in  the  ruts  and  holes. 

Another   Implement   b>    the  use  of   which  very  satisfactory 

can  be  obtained  is  the  one  man-one-team  grader.   This 

in   many  cases  is  superior  to  the  split-log  or  steel  drag  for 

leveling,  but   both  Implen  a  good  purpose  when 

in  the  hands  of  a  competent  operator. 

When  to  Use  the  Drag.— The  drag  does  its  best  work  when 
ill.-  soil  is  moist  hut  not  Bticky,  the  material  then  moves 
freely  along  the  blade.  If  the  roadway  is  badly  rutted  and 
full  of  holes,  it  is  best  to  use  I  he  Made  grader  at  least  once. 
This  is  particularly  true  in  the  Spring  just  as  the  frost  is 
going  out.    A  smooth  road  surface  is  secured  by  this  method. 

Bring  the  road  to  a  suitable  grade  and  cross  section  and 
provide  ample  side  ditches  and  it  sub-surface  drainage  is 
•  equii  ed,  put  it  in. 

The  gravel  is  dumped  on  the  toad  in  such  quantity  that  it 
will   spread   to  the  thickness   desired   and   then   spread    with 
or  by  light  blade  grader,  which  saves  time  and  money 
and  does  better  work  than  by  hand. 

\  thin  layer,  3  to  5  in.  thick,  has  proven  economical.  It 
quickly  consolidates  and  gives  smooth  surface.  A  drag  is 
very  useful  for  maintaining  the  surface  during  this  period 
and  if  the  dragging  is  done  carefully  after  the  rains,  a  smooth 
even  durable  surface  will  result. 

lit  gravel  falls  into  four  groups:  (1)  Ideal  gravel,  (2)  too 
coarse,  (3)  too  fine,  (4)  lacking  in  bonding  material.  The 
bonding  property  of  gravel  is  due  to  clay,  iron  oxide,  lime 
and  the  angular  shape  of  gravel;  the  clay  should  not  exceed 
20  per  cent.  Gravel  should  be  well  graded  from  a  size  that 
will  pass  a  2-in.  screen  down  to  fine  clay,  no  more  than  80 
per  cent  nor  less  than  60  per  cent  should  pass  a  1%-ln, 
screen. 

Rolling  and  Scarifying. — Good  economical  maintenance  can 
he  accomplished  by  using  a  scarifier  and  roller.  The  graveled 
portion  of  the  road  is  scarified  to  a  depth  not  to  exceed  3 
to  4  in.  Even  this  depth  will,  on  the  ordinary  country  road, 
dig  up  considerable  stones  of  a  rounded  shape.  It  is  not 
advisable  to  rake  or  throw  these  oft,  but  better  policy  to  have 
at  least  2  men  follow  the  scarifier  with  light  tapping  ham- 
mers, weighing  about  2  or  2%  lb.,  with  long  springy  handles. 
These  stones  are  made  angular  in  shape  by  breaking  and 
when  again  covered  with  gravel  and  silt,  they  will  work  in 
to  the  road  and  bond  better  with  the  other  material  on  the 
road,  and  not  so  liable  to  shoot  sideways  when  subjected  to 
the  pressure  of  the  traffic  as  they  did  formerly.  After  the 
stones  have  been  broken,  the  road  is  reshaped  with  a  light 
grader  and  rolled. 

This  method  of  maintenance  will  average  1V4  miles  a  day 
and  cost  approximately  ?25  to  $30,  depending  on  length  of 
haul  of  water  and  coal.  A  gravel  road  requires  Intelligent 
maintenance. 


Foreign  Engineers  Inspect  American  Road  Construction. — 
Foreign  countries,  particularly  those  of  South  America  and 
Japan  and  China,  are  much  interested  in  American  methods 
of  road  construction.  In  recent  months  the  U.  S.  Bureau 
of  Public  Roads  has  been  visited  by  several  Japanese  and 
Chinese  engineers  sent  to  this  country  to  study  the  operation 
of  the  Federal  and  State  highway  organizations  and  to  in- 
spect actual  construction.  According  to  one  of  the  Japanese 
visitors,  his  country  has  recently  made  Its  first  appropriation 
for  modern  highway  construction,  an  amount  that  would  not 
be  considered  large  by  some  of  our  States,  but  it  is  thought 
that  the  movement  will  prow  rapidly  when  the  people  can 
see  the  benefits  of  the  roads  to  be  constructed  with  the  pres- 
ppropriatlon,      In    n  the    interest    in   our   roads 

by  the  South  American   Republics  the   Pan-Am 
Union  rei  enl  d  bulletin  on    American 

road   .   printed   in   Spanish   and    Portu 

ted   by 
lUl  .au  of   Publl  d  con- 

struction,   ai  ry.      The    bulletin    will 

1 1  he  valuable  to  the  South  Aj  I  their 

d  stimulate  trade  "  rofld 

machinery. 


/   and   Contracting   for   A  [nil   .">,    1922. 


329 


Method    of   Constructing    Precast 

Concrete  Slab  Pavement  for 

Wyoming  Highway 

A  precast  concrete  slab  pavement  has  been  in  satisfactory 
service  for  over  a  year  on  the  Casper-Salt  Creek  highway  in 
Natrona  County.  Wyoming.  The  pavement  has  been  sub- 
jected to  very  heavy  and  severe  tratlic  conditions.  During 
the  spring  of  1921  it  is  estimated  that  6,000,000  lb.  of  freight 
were  moved  over  this  highway  in  a  single  month  from  the 
warehouses  and  storage  yards  of  a  local  refining  company. 
A  very  conservative  estimate  of  freight  hauled  by  other  com- 
panies during  the  same  period  amounts  to  4,000,000  lb.  In 
addition  to  this  a  weight  of  100  motor  vehicles  per  day  passed 
over  this  main  north  and  south  state  road.  In  an  article  in 
the  February  Concrete  Highway  Magazine,  Mr.  '/■  E.  Sevison, 
State  Highway  Engineer  of  Wyoming,  states  that  the  wear- 
in--  surface  of  this  pavement  is  in  excellent  condition  and 
the  slabs  show  no  sign  of  displacement  in  spite  of  the  fact 
that  they  have  been  subjected  to  extremes  of  winter  and 
summer  weather.  The  methods  of  constructing  this  pave- 
ment are  described  by  Mr.  Sevison  in  the  above  mentioned 
publication,  from  which  we  have  taken  the  notes  that  follow: 

Owing  to  the  difficulty  of  procuring  water  and  aggregates 
in  the  vicinity  of  the  highway  under  consideration  for  im- 
provement, the  idea  of  casting  concrete  slabs  at  Casper  and 
transporting  them  to  the  job  was  conceived.  The  accomplish- 
ment of  this  idea  was  further  facilitated  by  five  miles  of 
concrete  pavement  already  installed  upon  the  highway  over 
which  the  slabs  were  to  be  transported. 

Early  in  the  fall  of  1920  a  contract  was  let  by  the  State 
Highway  Department  to  the  Levy  Construction  Co.  of  Denver, 
Colo.,  for  manufacturing  2,400  lin.  ft.  of  reinforced  concrete 
pavement  of  this  type.  The  slabs  or  units  are  8  ft.  long  by  9 
ft.  wide  and  of  a  uniform  thickness  of  6  in. 

How  the  Slabs  Were  Cast. — Separated  and  well  graded 
sand  and  pebble  aggregates  were  hauled  to  the  plant  in  trucks 
and  wagons  and  deposited  in  two  conveniently  located  stock 
piles.  Wheel-barrows  were  used  to  wheel  the  aggregates 
from  the  stock  piles  to  the  skip  of  the  2-bag  batch  Yaeger 
mixer.  Cement  in  sacks  was  hauled  to  the  job  as  required 
and  placed  into  the  skip  by  hand  labor  in  the  usual  manner. 
The  water  for  mixing  was  obtained  from  the  North  Platte 
River  and  was  pumped  through  a  1-in.  pipe  line  to  a  tank 
at  the  mixer  and  measured  into  the  mixer  as  needed.  A  1:2:3 
mixture  was  used. 

The  mixed  concrete  batches  were  discharged  from  the 
mixer  drum  into  two  2-wheeled  concrete  buggies  which  were 
pushed  by  hand  to  the  forms,  placed  on  a  wooden  floor.  After 
being  spread  by  hand,  the  concrete  was  struck  off  with  a 
2  by  6-in.  wooden  screed  with  a  2-in.  steel  strip  upon  its  base, 
belted  three  times  and  edged.  The  mixture  was  made  as 
dry  as  possible  consistent  with  the  necessity  of  entirely 
enclosing  the  reinforcement.  As  an  excess  of  water  appeared 
at  the  surface  of  the  slabs,  arrangements  were  subsequently 
made  for  a  roller  finish. 

A  level  area  of  ground  was  selected  for  the  floor  on  which 
the  forms  were  to  be  placed.  This  was  carefully  graded; 
2  by  4-in.  joists,  placed  14  in.  center  to  center,  were  set  with 
their  tops  slightly  below  the  level  of  the  surrounding  earth 
and  the  intervening  spaces  carefully  compacted  by  hand  tamp- 
ing to  the  top  of  the  joists.  One-inch  planks  were  then  laid 
with  their  finished  side  uppermost  and  nailed  to  the  joists. 
Four  board  floors,  each  116  ft.  long  and  20  ft.  wide,  were 
installed  in  this  manner  and  covered  with  a  roofing  paper  to 
prevent  seepage  of  concrete  mortar  into  floor  board  joints 
and  to  enable  the  slabs  to  be  lifted  without  disturbing  the 
floor.  The  2  by  6-in.  wooden  forms  were  fastened  upon  the 
floor  and  adequately  braced;  each  floor  contained  space  for  a 
double  row  of  14  slabs  with  a  6-in.  space  between  rows  and 
a  2-ft.  overlap  of  platform  at  the  edges. 

On  the  first  two  types  of  slabs  a  2  by  6-in.  header  board 
was  used.  Two  other  types,  however,  required  an  inter- 
locking curved  and  warped  surface  at  each  end,  and  to 
obtain  this,  plaster  of  paris  headers  were  cast  by  hand  on 
a  pre-molded  pattern  of  the  same  material.  These  headers 
were  painted  with  liquid  paraffin  to  prevent  adhesion  of  the 
fresh  concrete.  Every  other  slab  was  first  cast,  using  these 
headers,  which  were  then  removed  and  the  ends  of  the  slabs 
painted  with  liquid  paraffin  and  used  as  header  forms  in  cast- 


ing the  intervening  slab.  The  slabs  were  numbered  a 
were  finished  in  the  forms  and  were  placed  upon  the  road- 
way in  the  same  consecutive  order  so  that  a  perfect  joint 
resulted.  A  flat  surface  was  made  in  the  usual  manner  at 
the  end  of  each  fourth  slab  and  the  start  of  the  next  suc- 
ceeding series  in  order  to  provide  for  an  expansion  joint. 

The  Reinforcement. — The  general  style  and  placement  of 
reinforcement  was  the  same  for  all  types  of  slabs.  1 
versely  %-in.  round  bars  were  placed  14  in.  from  each  end 
of  the  slab  and  the  next  two  bars  of  same  size  placed  10 
in.  and  6  in.  respectively  from  the  first  bar  at  each  end,  leav- 
ing a  space  of  36  in.  between  the  center  bars.  The  bars  were 
embedded  2  in.  from  the  bottom  of  the  slab.  Under 
bars  was  placed  a  layer  of  No.  049  A.  S.  &  W.  Co.  standard 
reinforcing  steel  mesh  extending  through  the  entire  width 
and  length  of  the  slab.  The  mesh  reinforcement  was  laid 
upon  the  floor  and  pulled  up  into  the  concrete  by  means  of 
hooks  after  it  was  deposited.     Two  pieces  of  2-in.  galvanized 


Placing   the    Finished   Slabs   on   the   Subgrade. 

pipe  5  in.  in  length  were  embedded  in  the  slab  on  each  side 

2  in.  from  the  bottom  and  20  in.  from  the  ends  of  the  slab. 
A  %-in.  round  bent  rod  was  placed  longitudinally  in  the  slab 

3  in.  from  edges  and  lapping  over  the  pieces  of  pipe. 

The  reinforcement  was  designed  more  for  the  purpose  of 
preventing  breakage  or  cracking  during  the  operation  in- 
volved in  transporting  the  slabs  than  to  provide  sustaining 
strength  against  heavy  traffic. 

After  the  concrete  had  obtained  its  initial  set  the  slabs 
were  covered  with  2  in.  of  fine  sand  which  was  kept  wet  for 
14  days.  The  first  set  of  slabs  were  removed  from  the  floors 
after  17  days,  stacked  up  at  the  side  and  left  in  the  yard  for 
30  days  before  being  transported  to  the  job. 

Placing  Slabs  on  Road  Bed. — In  moving  the  slabs,  two 
large  iron  hooks  were  inserted  into  the  two  pipes  embedded 
in  each  side  of  the  slab,  and  by  means  of  small  hand  jacks 
the  slab  was  raised,  placed  on  rollers,  pushed  to  the  edge  of 
the  platform  and  stacked  in  layers.  Each  slab  was  then 
lifted  by  a  3-ton  triplex  chain-hoist,  operated  on  3-ton  rollers 
set  upon  10-in.  I-beam  trucks  mounted  on  A-frames.  In  this 
manner  they  were  placed  on  trucks,  carried  to  the  job,  re- 
moved in  the  same  manner  and  firmly  bedded  on  a  thoroughly 
compacted  sub-grade  covered  with  a  2-in.  sand  cushion.  The 
pavement  was  laid  on  one  side  of  the  34-ft.  roadway  with 
a  1-in.  slope  toward  the  outer  edge  to  allow  for  drainage. 
This  plan  allows  for  the  future  addition  of  an  adjoining  strip 
of  the  same  width  on  the  unpaved  side  of  the  roadway.  Six 
types  of  heavily  reinforced  slabs  were  made,  the  contract 
calling  for  50  slabs  of  each  type. 

The  manufacture  and  placing  of  the  slabs  were  subject  to 
exceptionally  thorough  and  competent  inspection.  A  very 
smooth,  even  surface  of  flinty  hardness  was  obtained. 


New  Films  Show  Road  Building. — Close-ups  of  the  activities 
of  the  U.  S.  Bureau  of  Public  Roads  are  contained  in  two  films 
recently  released,  "Building  Bituminous  Roads,"  and  "Mixed 
Asphalt  Pavements."  The  fiist  mentioned  deals  directly 
with  the  surface  treated  and  penetration  macadam  type  of 
bituminous  roads.  "Mixed  Asphalt  Pavements"  embraces  the 
construction  of  asphaltic  concrtte  and  sheet  asphalt  roads, 
and  carries  the  audience  from  the  paving  plant,  where  the 
materials  are  mixed,  to  the  completed  highway  open  for 
traffic.  Scenes  depicting  the  actual  construction  of  the  vari- 
ous types  of  roads  were  made  under  the  direction  of  skilled 
engineers  of  the  Bureau  of  Public  Roads,  United  States  De- 
partment of  Agriculture,  and  are  designed  to  instruct  the 
layman  as  well  as  the  engineer  in  modern  road-building  prac- 
tices. Several  animated  close-ups  graphically  depict  the  de- 
tails of  construction. 
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The  Highway  Contractors'  Problems 

More  Vital  of  Constructors'  Problems  Outlined  in 

Paper    Presented     Before    Chicago 

Good  Roads  Congress 

Bj    HENRI    M     WILSON 
,,.    u   ,  -..  hmond,    \'a 

internal  Relations^.    The  greatest  problems  of  construe 

beading  and  man)  ol  these  problems  are 

ol  ilu-ir  own  creation      Perhaps   the  greatest   of  all  n 

to  the  education  of  themselves      Thl     education   should   be 

conducted  along   the  lines  ol   cultivating  skill.  Integrit)    and 

aslbUltj   and  eliminating  the  old  tl Jealousy  and  dis 

tmst  through  encouragement  of  a  Bpirit  of  co-operation  and 

mutual  helpfulness   in  everj    membei    ol   the  Industry.     The 

Individualistic  tendenc)  dates  from  a  time 

limited  only   by  history  and   Is   believed  to   be   more  large)} 

responsible    than    anything    else    foi    manj    of    ins    existing 

problems. 

II   is  good  business  for  constructors  to  educate  their  com 

[or  them  to  discuss  each  other's 

problems,    construction    and    administrative    methods:    it    is 

good  business  to  get  each  other's  viewpoint;  it  is  good  busi- 

iti    both  to  tli"  contractor  and  owner. 

i.  out  the  best  means  consistent   with  first  clasf 

and   to  assist    In  standardisation   ol    method   and   equipment 

along  those  lines;   it   is  good  secun    added   pro 

d  bj  all  legitimate  means.    Organized  construction  can 

romote  these  things.    Sane,  honest  and  common  sense 

s  better  for  all  Interested  in  highways  than  the 

Individualistic  tendenc)    whicb   has  so  often,  in 

the   past,   mad.'   bighwaj    construction   a    financial   shambles 

and    brought    upon   it    disrepute    as    a    business   proposition. 

The  comparativelj    limited   number  of  concerns  which  have 

ible  to  Burvive  In  the  business,  with   profit,  over  anj 

considi  od   ol  years,   is  the   proof  of  the  foregoing 

points. 

The  Public— Until  the  past  two  or  three  years,  there  has 

en   the  cohesive  action  upon  the  part   ol   constructors 

pro]  er   pn  senl  their  case  at    the 

public  opinion.    The  better  minds  of  the  industry  rec- 

that  our  problems   must   be  solved   with  the   welfare 

of  the   public  constantly    in   mind   and   that  it   will   be  idle   to 

attempt  that   which  is  not  economically  sound.     At   a  recent 

highway  conference,  made    ip  atives  from  almost 

every  line  of  business  directly  or  indirectly  associated  with 

highway    work,    a    large    number   of    axioms    were   displayed. 

The  one   receiving  the  most   marked   comment   and  unanimous 

endorsement    read: 

"If   1    knew    you    and    you    knew    mo. 
Tis    seldom    we    would    disagree." 
it  i,  t.,  the  Interest  of  the  body  politic  that  the  constructor 

hnii!.:  known   and    understood   and    il    Is    one   of   his 

problems   to   place   himself   m   such   a   position. 

ntr.oi    prices   are    imperatively    needed   to    secure 
ter   mileage  of  roads   for  the   public.     The   greal 

dUCtlon  Which  can  be  brought  about,  would  doubtless  result 
i!  certain  n>-ks  now  assumed  by  the  contractor  were  assumed 
by    th(      It  It)         I'     is    almost    superfluous    to    say    that    a    con- 

tor  i  an   figure  closet)    on   work  In  direct    proportion   as 
•    tisk  anil   uncertainty  ate  eliminated      In   many 
■  -:    these  elei  k  ami  uncer- 

are  required  by  the  organic  law   and  can  only  be  es- 
caped bj  access  to  public  opinion  as  expressed  through  leg- 
on     To  bring  about  a  change  in  the.-,,  laws  whicb 
will  facilitate  a   more  balanced   ami   equitable   form   ol    con 

through    the   elimination   ol    'he    above   el. 

and  thereby  permit  constructors  to  conduct  esti- 
mating and  operations  along  well  i-  tablished  business   pun 
problem  not  only  of  the  constructor  but 

:    .ill    others    it. t ted    in    highway    building,    w  hu 

desire    ,|e,  ami    better    stabilization    of    the 

tb(     problem    of    the    highway     builder    to    use    hi" 

inflie  entlmenl  winch  will  countenance 

paid    and    better   qualified    engini  i 

agnize    that    one   of    tin-   greatest    problems 
confront  ng   highway    commissions  and   chief  engineers   is   a 

llch    will    permit    them    to    employ    men    mori 


competent  and  experienced      it  can  be  stated  as  a  truism 
that  good  constructors  Invariable   find  engineers  and  lnspe< 
tors  satisfactory   In  direct   proportion  as  the  latter  possess 
Integrity,   Intelligence  and   experiem  e  ami   that    the  emplo] 

nieiii    of    high    class    men    will    invariably    justify    itself    in    an 

ultimate  saving  to  tin-  taxpayers 

As   was   pointed  out   ill   the   recent    report   of   the    High   Com 

mittee  of  the  Associated  Qeneral  Contractors  of  America,  the 

nt     Investment     in     highways     is     held     by     many     to     he 

i  conomlcally    unsound   ami   the    elimination   of   all   expense 

possible.,    without    sacrificing    quality,    should    benefit    through 

better  satisfaction  upon  the  pan  of  the  public  and  a  • 
luentl]    increased  volume  ol  work  tor  all  interested. 

Highway   Departments  and   Engineers.       The  problem  of  tin 

tonstructor  here  la  to  cooperate  in  pointing  out  those  re 
quirements  of  the  specifications  which  entail  Increased  costs 
without  any  commensurate  advantage-  and  those  requirements 

which    can    be    waived    in    the    interest-    ..i    economy    without 

sacrificing  quality     it   is  doubtful  II  tin-re-  will  evei   b< 

oi    specifications   written   for   highway    work    which    will   not 

be  susceptible  of  Improvement,   therefore,   it   should   bi 

endeavor  of  all   interested  to stantlj    sttiv.-  tor   Improve 

men!  ami  economy  In  same     Man)   clauses  now  current 

g,st  that  the  writers  thought  only  of  tin-  equity  lying  on  

side  of   their  subject. 
Contractors   should   endeavor    to   cultivate   a    broader   and 

more    sympathetic    attitude,    within    their    own    ranks,    as    to 

ih.  viewpoint  and  limitations  of  commissions,  engineers  and 
other  public  servants  in  their  dealings      Many  of  us  i 

that,  under  present   laws,  the  difficult)    with  commissions  and 

engini  •  «  bicb    «  e   are  asking  i 

uch  in  theli  i  ei  ognlze  the  just   prin- 

ciple to  appl)  as  in  finding  a  m  ans  to  apply  it  practically. 

closer  acquaintance  and  mutual  discussion,  in  a  collective 
way.  between  contractors  and  engineers,  will  do  much  to 
bring  about  that  bi  tl  landing  and  co-operation  which 

will  stimulate,  and  react  in.  added  technique,  a  large-, 
cum  of  standardization,  more  econom)   of  methods  and 

eeiuetit  reduced  costs.  Organized  construction  is  and  has 
been  moving  in  the  direction  ol  greater  co-operation  and  it 
is    hoped    that    engineers    and    others    interested    will    not    tail 

to  recognize  the  mutual  advantages  to  be  derived  therefrom. 

One  of  our  problems  is  to  bring  about  a  realization,  by  all 
engineers  and  inspectors,  that  tin  constructor  is  their  partner 
and  not  their  bondman  in  a  great  work.  When  bighwaj  BH 
gineers.  constructors,  mate-rial  producers,  equipment  manu- 
facturers and  all  others  Interested  come  to  a  complete  reali- 
zation of  the  tact  that  they  are  confederates  in  the  most  stu- 
pendous work  of  our  age  (and  one  b)  Whicb  the  future  will 
doubtless  chiefly  judge  our  civilization  I  highway  building 
will  be  reborn  and  most  of  our  problems  will  have  I  sen 
solved 

In  the  matter  of  specifications,   we-   believe   it   to  be  one  of 
our  problems  to  Becure  tin-  settlement,  b)  an  impartial  referee 
i  when  desired  by  either  part)  i  ol  disputes  betwei 
end  engineers  as  to  the  Interpretation  ol   specifications  and 
matters  of  equity. 

As  was  pointed  out  b)   William  H    King  of  the  Washington 

ile     II    Bar.    in    his    very    able    address    before    thee    Associate  el 

General    Contractors   of  America   last    year:    "The   engineer 

writes    what,    in    his   judgment,    has    .,    certain    meaning       Tin- 

eas)    evolution  of  authorit)    to  the  architect  or  engineer  to 

decide    all    uncertainties,    directl]     encourages     vagueness     in 

writing  specifications."  An  engineer,  with  e-ve-rv  desire-  to  t . . ■ 
fair,  will  oftentimes  interpret  specifications  too  much  in  the- 

light  of  what  he  had  in  mind  to  safeguard  when  he  wrote-  or 
adopted    the    specification    in    dispute-       The    working    out    of 

standard  specifications  for  the  country  as  a  whole  will  save 
much  effort  and  expense  fot   which  tin    taxpayers  now  pay. 
Labor.— Uniform  ami  fan   treatment  of  labor  and   possibl] 

more   uniform    vvage-s   and    working    conditions   for   the    various 

classes  of  skilled  labor  employed  upon  highways  an-  believed 

in  p..  a  preehle-m  from  Which  benefit  can  he  derived.  If  if 
wore  possible  to  clove-lop  olio-  CO-ordlnated  industry  in  the 
northern  and  border  states,  whereby  highway  labor  might  be 
retained    'In-    year    around    upon    some    productive    work,    con 

iiui  tots  would  be-  abb-  tee  m-i  nre-  greater  economy  and  added 
toy    from    their    organizations      Co-operation    between 

mi-   working  in  the  same-  locality,  in  the  matter  of  labor 
will  go  far  towards  stabilizing  conditions  and  creating  greatei 

n.  v 
Materials     line  problem  her.-  relates  to  the-  working  out  of  a 
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form  of  contract  with  material  producers  which  will  be  a 
standard  for  the  industry  and  more  binding  upon  both  con- 
tracting parties;  in  fact,  it  is  believed  that  a  solution  of  this 
cannot  fail  to  reflect  itself  in  decreased  costs.  The  experi- 
ence of  many  contractors  with  material  contracts,  during  the 
war  and  post-war  period,  had  a  direct  tendency  to  increase 
contract  prices. 

Another  problem  under  this  heading  is  the  matter  of  re- 
sponsibility for  rejected  material.  Some  pro. hirers  refuse  to 
accept  responsibility  for  material  condemned  after  unload 
ing.  while  some  engineers  refuse  to  make  final  inspection 
until  the  material  is  unloaded.  Uniformity  ol  practice  and 
understanding  in  this  matter  will  remove  an  element  ol 
anxiety  and  loss  to  many  constructors  and  will,  doubtless, 
reflect  itself  in  lower  contract  prices.  Through  the  (dose 
CO-operatlon  of  all,  other  inconveniences,  delays  and  expense 
can    be   avoided. 

Transportation.  -Our  chief  problem,  in  this  connection,  is 
to  assist  the  railroads  and  indirectly  the  public,  in  the  elimi- 
nation of  waste  and  expense,  by  so  designing  work  and  un- 
loading facilities  as  to  provide  for  prompt  release  of  cars 
1  Hiring  the  working  season,  thousands  of  railroad  cars  arc 
devoted  entirely  to  transportation  of  highway  materials.  Bach 
expense  can  be  avoided  and  added  efficiency  secured  tor  the 
railroads  through  a  study  of  car  movements  and   routings. 

Equipment.  The  Engineering  News-Record,  in  a  recent 
editorial,  charged  that,  during  the  past  three  years  of  in- 
tensified paving  construction,  contractors  had  done  practically 
nothing  towards  standardization  of  methods  and  equipment 
Standardization  of  equipment  holds  great  possibilities  tor 
efficiency  and  economy  and  organized  construction  is  already 
moving  in  this  direction.  Here  again  the  working  out  of 
standard  specifications  for  the  country  at  large  will  do  much 
to  facilitate  matters  as  it  frequently  happens  that  equipment 
suitable  for  construction  in  one  state  is  not  suitable  in 
another. 

Surety  Companies. — One  of  our  greatest  problems  lies  in 
our  relations  with  the  surety  companies,  and  it  will,  perhaps. 
be  interesting  to  call  attention  to  the  following  resolution 
adopted  at  a  recent  convention  of  highway  constructors. 

"Resolved  that  it  is  the  sense  of  this  meeting  that  a  re- 
duction in  the  cost  of  highway  construction  can  be  effected 
through  a  reduction  by  the  surety  companies  of  the  premium 
now  charged  for  contract  bonds;  and.  it  is  believed  this  re- 
duction will  be  justified  by  a  more  careful  investigation  upon 
the  part  of  the  Surety  Companies,  of  contractors  whom  they 
bond." 

This  resolution  was  adopted,  with  a  request,  to  a  prominent 
surety  executive  present  at  the  conference,  that  he  present 
same  to  the  surety  companies'  association  for  consideration 
and  action.  It  is  not  going  too  far  to  allege  that  much  de- 
moralization has  been  caused  in  our  industry  (and  much  in- 
direct to  the  taxpayers  through  delayed  and  unsatisfactory 
work)  by  the  bonding  of  irresponsible  concerns.  Within  the 
past  ten  years,  there  has  been  an  increase  of  approximately 
100  per  cent,  in  bond  premiums,  and  within  the  past  30  years, 
the  increase  has  been  comparatively  greater. 

In  conclusion,  it  is  believed  that,  when  the  problems  out- 
lined herein  have  been  solved,  there  will  be  fewer  abandoned 
contracts,  less  loss,  trouble  and  expense  to  the  public  in 
being  deprived  of  the  use  of  its  highways  through  delayed 
and  unsatisfactory  work,  a  saving  to  the  taxpayers  in  cheaper 
work  resulting  from  the  elimination  of  improper  risks  in 
contracts,  lower  engineering  costs  through  more  expeditious 
execution  of  work,  better  work  by  better  satisfied  constructors, 
a  better  satisfied  public  and  a  better  and  cleaner  highway 
construction   industry. 


Overloaded  Trucks  on  Massachusetts  Highway. — Every 
third  truck  on  the  Hartford-Springfield  road  and  the  Boston 
Post  road  in  Connecticut  was  loaded  beyond  the  capacity  of 
the  truck  and  the  tires,  according  to  a  report  covering  two 
weeks  of  investigation  on  each  roadway  conducted  by  the 
l".  S.  Bureau  of  Public  Roads,  in  co-operation  with  the  Con- 
necticut State  Highway  Department.  Overloading  occurred 
on  all  types  of  trucks,  but  was  most  common  on 
the  trucks  of  3  to  5  tons'  capacity.  One  3-ton  truck 
was  found  to  have  a  62  per  cent  overload.  It  was  found  that 
89  per  cent  of  the  trucks  on  regular  trucking  lines  had  a  total 
weight  of  truck  and  load  in  excess  of  12!j  tons,  the  maximum 
weight  allowed  by  law  in  the  State. 


Constructing  and  Maintaining  Gravel  Roads 
in  Muskogee  County,  Oklahoma 

By    J.    II     TAIT. 
Count)    Engineer,    Muskogee   County,   Oklahoma. 

The  highway  system  of  Muskogee  County.  Oklahoma,  to- 
da>  includes  96  miles  of  gravel  roads.  .",:'.  miles  of  which  repre 
sent  Federal  Aid  projects  built  under  the  supers  ision  ol 
federal,  state  and  County  engineers,  the  balance  built  by  the 
county  under  the  supervision  of  the  ..unity  engineer.  These 
roads  average  IS  ft.  ill   width,  anil  cany  earth   shoulders.     The 

gravel  which  has  been  used  throughout  the  work  is  a  bank 
gravel,  containing  from  1.".  to  20  r.er  cent  Clay,  which  acts  as 
a  binder  for  the  mineral  aggregate  oi  the  giavel.     The  mineral 

aggregate  is  mostly  flinty  chert  and  ranges  111  si/e  from  l-in. 
stone  to  dust. 

The  gravel  is  taken  from  the  bank  by  steam  shovels,  placed 
on  board  cars,  and  hauled   by   rail   to  railroad  spurs  adjacent 
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to  the  project  to  be  constructed.  From  the  spur  it  is  trans- 
ported by  truck  or  wagon  to  the  job.  When  the  roadway  has 
been  satisfactorily  graded,  the  gravel  is  dumped  and  shov- 
eled and  forked  into  place.  It  has  been  the  practice  in  Mus- 
kogee County  to  construct  the  gravel  pavement  in  two 
courses,  the  first  being  5  in.  after  compression,  and  the  second 
4  in.  after  compression,  so  that  the  finished  road  is  9  in. 
in  thickness. 

The  comparatively  large  percentage  of  clay  found  in  the 
gravel  contains  a  sufficient  amount  of  moisture  during  con- 
struction to  facilitate  spreading  and  rolling.  However,  after 
the  work  is  completed  the  clay  loses  all  its  moisture. 

After  this  type  of  pavement  had  been  in  service  for  a  short 
time,  it  became  evident  that  the  clay  could  not  retain  its 
position  in  the  roadway  unassisted,  for  traffic  and  surface 
drainage  tended  to  remove  much  of  it  from  between  the  stone, 
consequently  loosening  the  stone  in  the  road  and  causing 
rapid  deterioration. 

To  prevent  this,  the  Oklahoma  State  Highway  Department 
has  advised  the  use  of  a  bituminous  material  as  a  surface 
treatment  or  carpet  coat  before  the  clay  binder  can  be  ground 
into  dust  under  traffic. 

Muskogee  County  has  completed  the  surface  treatment  of 
40%  miles  of  1.8-ft.  Salina  type  gravel  roadway,  using  Texaco 
Liquid  Asphalt  No.  1.  anil  applying  approximately  0.4  gal.  per 
square  yard. 

Immediately  after  the  hot  application  of  the  asphalt  from 
a  pressure  distributer  upon  the  surface  of  the  roadway,  which 
has  been  swept  clean  of  dust  and  loose  foreign  material, 
crushed  flint  stone  ranging  in  size  from  %  in.  to  dust,  com- 
monly know  in  this  section  as  Joplin  chatt.  is  applied  at  the 
rate  of  approximately  100  tons  per  mile.  Rolling  is  regarded 
as  superfluous,  and  traffic  is  allowed  the  use  of  the  road 
immediately. 

The  county  purchased  one  800-gal.  pressure  distributer  and 
has  applied  the  surface  treatment  on  its  roads  at  an  average 
cost  of  $700  per  mile,  including  all  labor  and  equipment, 
without  charging  off  anything  for  equipment.  This  cost  can 
be   cut    considerably   as    the   handling   of   the   chatt   by   hand 
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expei       ■   and  In  a  great  man;   i 

■  :ii        i  elieved  thai  this  i 

mile  where  the  equipment  for  distri- 

t >n i it > ii   ol    materials   is   owned   and   operated   by   the  parties 

the  work.     0  each  application  after  the 

made  al  a  reduced  cosl  as  less  material  will  be 

■:  state  ;t tui  count]  officials  are  highl]  pleased  with  the 
obtained  In  thi    i  ountj 

The  Co-Ordination  of  Highway 
Research 

roh  function,  the  present  situation  In 

d  thi    means  by  which  the  various  state 

highway   commissions    may    assist    In   developing   as   rapidly 

jible  the  data  for  the  scientific  construction  and  opera- 

discuBBed   bj    W    K    Halt.   Director, 

Advisory   Board  on   Highway   Research  ol  nal  Re- 

Council,     in     a     paper    presented     at     the     Omaha 

the  America'  .m  oi   state  liighv, 

Bcials.    An  abstracl  ol  the  paper  follows: 

The    Nature    of    Research.      Allow    me    to    mention    one    In 

product   "i   research  work,  namely,  the  bringing  together  of 
men   q|  en   '•'   conflicting    Interests   and    those   in   con 

■st  the  background 
of  research,  and  a  common  effort  to  determine  facts,  acri- 
motikuis jlisputos  are  quieted,  tnere  opinions  are  held  in  abey- 
ance under  tin?  benign  influence  of  the  research  for  truth. 
The  promoter  and  salesman  drift  into  the  background. 

Tin*.  •    tVi     b&s   ape   ol    us  seen   foremen  or  in- 

spectors   quickened    1o    greater    vigilance    and    study    when 
standard   tests   are   applied   to  a   material  like  concrete,  and 
tunanahfp  Dl  operators  is  shown  by  some  stand- 
ard like  the  results  oX  tests  of  field  cylinders. 

Research  work  when  confined  to  the  laboratory  may  be  in- 
complete, often  barren,  and  has  been  at  time  misleading. 
Something  more  than  routine  reception  and  control  tests 
of  materials  is  needed  in  a  complete  program.  Research  is 
something  more  than  a  demonstration  to  prove  a  theory  or 
support  an  argument  as  in  a  law  suit.  It  is  as  big  as  out- 
doors, and  needs  the  co-operation  of  the  engineers  of  design 
and   construction  as  well  as  the  testing  expert. 

The  researcher,  also,  may  proceed  by  statistics  when  he 
determines  maintenance  and  other  operating  costs  of  road 
and  vehicle,  collects  data  of  accidents  and  conducts  traffic 
studies. 

We  have  in  the  past  confined  our  attention  too  closely  to 

the    materials    of   construction.      Now    we    are    alive    to    the 

need  for  research  on  the  more  extensive^  element  of  highway 

transport,   the   vehicle,   and   on   the   mutual    relations   of   the 

le  and  the  road. 

The  simplest  class  of  research  is  that  wherein  the  influence 
of  a  certain  element  upon  a  result  is  sought,  as  for  instance, 
r-content  upon  the  strength  of  mortar,  or 
of  speed  of  operation  of  the  testing  machine  upon  the  strength 
of  steel,  or  of  bitumin  content  upon  the  penetration  test.  Such 
work  demands  a  carefully  prepared  working  plan  and 
matic  operations  and  known  conditions.  The  tester  knows  in 
advance  the  element  he  has  to  deal  with,  and  by  a  mechanical 
process  arranges  his  tests  so  as  to  isolate  ible  ele- 

ment and  allow  it  to  operate  on  the  results.  Of  this  class 
Is  also  the  work  of  standardizing  methods  of  tests,  so  that 
operators  In  different  laboratories  ma;  accept  or  reject  ma- 
uniformly.  This  class  of  experimenting  is  within  the 
reach  of  a  careful  man  with  technical  training,  and  demand 
; (Unary  research  ability,  Here  lies  a  useful  field  of 
work  for  tie  irtment  of  the  state  commissions  in 

mate- 
■    ■ 

Large    Scale    Tests    of    Field    Construction. — A    somewhat 
hat   in  which  a  construe! 
like  those  of  service  to  determine  either 
-•  or  else  empirical  coellh 
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and   an   organizing  ability. 
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by  Mr   Clifford  Older  «>i  Illinois,  and  the  Pittsburg  Steel  Co., 
and  engineered  bj    Messn    Leonard  and  Aldrich  of  San  Fran- 
are  attempts  to  Bubjecl  a  variety  ol  types  of  pavement 
to  an  '  d  show  a  vorv  high  degree  of  scien- 

tific technique.  At  Pittsburg  the  traffic  am. units  to  10,000 
trucks  a  day,  al  an  operating  expense  of  $600  a  daj ;  the  total 

expense   may  amount   to  $16 in   example   that   came 

nuclei-  the  speaker's  observation  was  the  oval  track  near 
Berlin,  Germany,  where  in  three  months'  service  any  railway 

irack  could   i raluated 

One  aspect   ol   tests  of  field  in   on  a  large  scale 

ore  ents  ■>  difficulty  in  thai  tin  i    in  the  public  eye, 

ami  are  often  of  an  experimental  nature  in  which  construc- 
tions   are    loaded     with    a    View     to    failure.      These    expected 

failures  ma]   he  twisted  i".   inb  -  mislead  the 

in,   ami    be   represented   as   a   norma]   case.     Again,  in 

such  lests  of  construction,  bul  which  beco rldenl  tor  the 

first  time  and  which  we  know  permit  'he  designer  to  pnoide 
for  them  Intelligently,     \mi  yet  tie-,    def< ations  may  be 

wrongly   used   as   an   argument    against    lie  Study, 

lather  than  as  a  basis  lor  improved  designs  of  this  type. 
It  is  this  aspect  oi  experimental  roads  which  may  explain 
the  reluctance  of  producing  Interest  to  cooperate  in  such 
research  work. 

The  large  scale  experiments  demand  co-operation  between 
Industry,    the    engineer   and    the    trained    researcher.     There 

is  always  a   danger  oi   attempting   t< mch,     The  program 

is  subject  to  a  change  of  plan  during  the  test,  because  appar- 
ently no  one  is  wise  enough  to  foresee  all  conditions,  in  an 
unknown  field.  Vet  with  all  these  drawbacks,  probably  the 
most  useful  field  of  research  is  in  the  examination  of  the 
fundamental  laws  governing  the  behavior  of  constructions. 
A  fruitful  field  of  research  is  on  subsoils,  finding  out  what 
characteristic  of  each  soil  it  is  that  determines  its  properties 
and  evaluating  them  so  that  an  engineer  can  examine  a  soil 
and  then  intelligently  design  a  road  to  carry  the  load  over 
the  soil,  or  know  what  to  do  to  improve  its  supporting  power. 
Another  example  is  the  study  of  the  laws  of  deformation  of 
stiff  slabs  under  loads,  and  the  methods  of  reinforcing  these 
economically. 

It  appears  to  the  speaker  that  experiments  on  a  large 
scale  are  necessary  in  each  locality.  The  conditions  of  soil, 
climate  and  available  materials  are  so  different  in  this  wide 
country  that  the  findings  of  one  state  cannot  be  used  entirely 
in  another.  The  skilled  engineer  is  needed  to  design  a  road 
as  he  designs  anything  else.  Just  now  he  is  forced  to  work 
without  adequate  data. 

An  interesting  and  valuable  field  of  research,  also,  Is  In 
the  department  of  maintenance,  not  only  for  a  correct  prin- 
ciple of  maintenance  for  each  type,  but  also  in  the  economics 
of   maintenance. 

Finally  the  research  data  must  be  obtained  by  disinterested 
agencies,  by  scientists  who  do  not  sell  an  idea  to  themselves, 
by  trained  experimenters  who  know  from  their  experience 
the  many  pitfalls  and  blind  alleys  in  this  field.  A  part  of 
our  present  data  is  incomplete,  and  belongs  in  the  discard. 
Truth  does  not  grow  on  every  bush  to  be  picked  by  the 
passer-by. 

The  Present  Situation  of  Highway  Research. — In  the  course 
of  a  rapid  survey  of  the  field  in  the  states  of  Connecticut, 
Pennsylvania.  Michigan.  Illinois,  Wisconsin.  California  and 
Washington,  I  have  become  aware  of  very  substantial  and 
praiseworthy  research  activities  in  the  state  organizations, 
ami  of  the  existence  of  a  large  mass  of  research  data,  much 
of  which  should  be  uncoven  I  for  the  benefit  of  all.  As  it  is 
now  there  seems  to  be  no  well  defined  channel  of  communi- 
cation between  the  state  highway  commissions  in  respect  to 
information  ol  research,  ami  of  experiences  in  this  rapidly 
growing  Held.  It  is  not  too  much  to  say  that  decisions  in- 
volving large  sums  of  money  are  now  made  that  would  be 
qualified  it  existing  information  were  madi 

We  arch,  and 

sei  ond,  a  research  information  service,  to  be  circulated  among 
the   States,   counties    and   cities,    by   which   the   data   may   be 

tiled,    heiled    clown,    and    put    in    useful    form;    and    by 
which    researchers    max    know    what    others   are   doing.     For 

e,  three  laboratorli      were,   unknown  to  each  other, 

investigating   the    strength    of    plain    concrete   under   fatigue: 

,  olated  attempts  are  being  made  to  design  and  test 

Dental    concrete   roads    involving   a    heavj 
in   the   aggregate  over  a   half  million   dollars.     Many    traffic 


••>(,> 


Engineering  and   Contracting*  foi    April   5,    1922. 


333 


Burveys  are  planned  without  a  cleai    Idea  ol  the  purpose  to 

be  served  and  the  significant  data  to  be  taki  a,  oi  th<  devices 
[or  expediting  the  work.  I  do  not  say  that  it  is  not  well  to 
have  Beveral  experimenters  working  independently  in  one 
research,  but  their  efforts  would  meet  with  greater  success 
if  communication  were  established. 

Thirdly,  and  most  important,  the  people  will  be  served  if 
the  state  commissions  will  recognize  research  as  the  Bureau 
of  Public  Koads  dues  and  give  formal  status  to  a  research 
and  experiment  division  attached  to  the  (est  department 
and  tied  up  closely  with  the  departments  of  design,  con- 
struction and  maintenance.  My  observation  is  that  In  the 
staff  of  state  highway  organizations  there  are  men  of  the 
research  type  with  the  curiosity  and  the  enthusiasm  that 
lead  a  man  to  investigate  unknown  places,  but  who  are  now 
over-burdened  with  executive  duties  or  tied  down  to  routine 
work.  Research  men  are  not  of  the  type  of  builders  who 
want   action.     They  are  of  the  student  type. 

Now.  research  work  that  is  adequate  to  solve  present  day 
problems  cannot  be  done  at  odd  moments,  or  by  "trouble 
shooters,"  or  by  over-burdened  executives  with  one  ear  to 
the  telephone  and  the  other  to  visitors.  Research  demands 
some  isolation,  a  man  must  live  in  it,  and  have  time  for 
that  slow  and  somewhat  unconscious  mental  process  that 
suddenly  crystalizes  into  clear  conceptions  of  the  operation 
of  nature's  laws.  The  researcher  must  have  time  for  care- 
ful planning,  for  the  patient  overcoming  of  experimental  dif- 
ficulties, and  for  close  supervision  of  the  work. 

Is  it  not  possible  for  the  states  to  provide  a  division  of 
research  for  field  and  laboratory  research,  and  for  the  col- 
lecting and  analyzing  of  statistics  as  an  addition  to  the  di- 
vision of  control  testing?  Is  it  not  a  duty?  Two  states  with 
approximately  the  same  climatic  conditions,  traffic  density, 
and  of  nearly  the  same  stage  of  development,  adopt  radically 
different  types  of  construction,  which  will  determine  the 
Future  well  being  of  highway  transport.  Decisions  should 
rest  upon  the  laws  of  engineering  and  economics.  Our  20- 
billion-dollar  highway  transport  industry  must,  like  any  other 
industry,  succeed  upon  the  basis  of  exact  information. 

Fourthly,  in  order  that  there  may  be  co-ordinated  attach, 
a  map  of  the  field  of  research  should  be  spread  out.  In  this 
each  worker  may  find  his  best  field  of  effort,  which  is  often 
a  local  problem.  How  often  have  we  seen  universities  seek 
for  a  field  when  material  for  research  is  waiting  at  their 
doors  in  the  shape  of  traffic  studies  and  analysis  of  cost  of 
transport.  Professor  Dougherty  of  the  University  of  Ten- 
nessee has  shown  us  the  value  of  work  right  at  home. 

I  would  make  a  plea  for  a  closer  union  between  the  state 
highway  organizations  and  the  universities.  Call  the  pro- 
fessors to  conference,  they  will  then  more  intelligently  direct 
the  efforts  of  the  students  whom  later  you  will  employ ;  and 
these  professors  will  assist  in  working  out  some  of  your 
problems. 

Plan  for  Action. — I  have  indicated  that  the  frozen  assets 
of  research  of  the  state  organizations  can  be  liquidated  by 
the  recognition  of  the  research  function  by  the  states  and 
by  the  use  of  the  universities,  many  of  which  have  experi- 
ment stations  organized  for  such  service.  The  Bureau  of 
Public  Roads  is  undoubtedly  the  most  active  agency  for  high- 
way research  and  the  chief  vitally  interested  in  this  phase 
of  the  highway  problem;  the  remarkable  achievements  of 
Mr.  Goldbeck,  in  charge  of  tests  and  investigations  of  this 
bureau,  have  attracted  the  attention  and  admiration  of  the 
entire  country.  Workers  are  also  found  in  other  federal 
departments,  the  counties,  the  cities,  and  the  industries.  In 
particular,  the  recently  organized  research  department  of 
the  Society  of  Automotive  Engineers  under  the  direction  of 
Dr.  Dickinson,  is  devoted  to  research  in  the  vehicle  as  re- 
lated to  the  road.  Since  $12  are  spent  on  the  whole  vehicle 
where  $1  is  spent  on  the  road,  there  is  room  for  research  on 
the  vehicle,  if  we  are  to  cut  down  the  transport  bill. 

Xow,  all  these  agencies  which  work  directly  in  the  field  or 
else  on  collateral  problems,  should  be  co-ordinated.  I  do  not 
know  of  any  organization  so  well  designed  for  this  purpose 
as  the  Advisory  Board  of  Highway  Research  of  the  National 
Research  Council.  This  board  has  been  active  since  August, 
1921,  and  has  so  far  been  studying  the  best  plan  of  action. 
It  works  through  committees  representing  the  field  of  eco- 
nomics, operation,  design  and  construction.  Messrs.  Agg, 
Mattimore  and  Goldbeck  head  three  of  the  committees.  The 
contact  of  the  advisory  board  with  the   states  will  best  be 


through  the  committees  ol  this  organization.  A  committei 
which  will  prepare  a  uniform  cost  accounting  system  tor 
maintenance,  and  collect  significant  data,  will  advance  the 
economics  of  highway  transport.  It  is  a  matter  to  be  thought 
hi'  carefull]  U  a  useful  end  Is  to  be  served  Technical  com- 
mlttee  work  has  been  overdone  in  some  of  our  older  societies, 
and  much  duplication  of  program  and  Interlocking  member- 
ship bave  grown  up  in  the  past.  Head  timber  should  be 
eliminated   and   new    workers  bo  found. 

If  the  advisory  board  can  unlock  the  resources  of  highwaj 
research  and  co-ordinate  our  effort  as  I  believe  it  can, 
functioning  as  the  directing  organization,  additional  financial 
support  must  be  secured.  This  support  must  be  from  disin- 
terei  ted  agencies.  As  yet  the  work  of  the  advisory  board  is 
to  be  adequately  financed. 

It  is  hoped  that  the  state  commissioners  may  find  it  pos- 
sible  to  co-operate  with  the  National  Ueseareli  Council,  a  the 
Bureau  of  Public  Roads  and  the  Engineering  Foundation  are 
now  co-operating,  by  some  form  of  agreement  or  contract 
under  which  the  state  may  find  co-operative  funds  available 
and  payable  to  the  National  Research  Council  for  services  in 
supplying  information  and  directing  that  research  will  be 
to  the  benefit  of  the  taxpayers  of  the  state. 

The  members  of  this  association  will  not  fail  to  appreciate 
the  need  for  an  early  and  serious  study  of  the  highway  prob- 
lems of  the  present  day  and  the  need  for  preparation  for 
the  future. 

The  thousands  of  young  highway  engineers  in  the  service 
of  the  Federal  Government,  the  states,  the  counties  and 
municipalities,  are  not  engaged  in  a  temporary  job.  Not 
only  have  they  15  or  20  years  of  construction  ahead  to  create 
the  main  arteries — provided  the  confidence  of  the  public  is 
continued — but  they  must  prepare  themselves  to  maintain 
and  to  operate  these  highways.  The  young  men  are  mem- 
bers of  a  branch  of  engineering  as  distinct  as  that  of  rail- 
road engineering — and  indeed  in  many  respects  demanding 
wider  powers  than  the  latter  and  from  which  but  a  limited 
amount  of  practice  can  be  transferred.  It  is  for  the  present 
day  leaders  to  prepare  these  young  engineers  for  their  future 
duties,  to  stabilize  this  branch  of  the  profession,  bring  a 
sense  of  solidity  to  the  members. 


Local  Highways  Becoming  Long-Haul 
Thoroughfares 

Some  interesting  facts  regarding  the  percentage  of  through 
traffic  on  a  road  which  formerly  carried  only  traffic  orig- 
inating within  5  or  10  miles  of  the  highway  were  brought  out 
in  a  report  of  two  traffic  censuses  taken  by  the  U.  S.  Bureau 
of  Public  Roads  in  co-operation  with  the  State  Highway  De- 
partment of  Connecticut.  The  roads  selected  were  part  of  a 
fairly  complete  system  of  highways.  The  first  census  showed 
an  average  of  2,907  passenger  cars  and  281  trucks  passing 
the  recording  station  a  day;  and  the  second,  3,832  cars  and 
511  trucks.  Forty-seven  per  cent  of  the  cars  came  from  with- 
out the  State.  Drivers  were  questioned  as  to  length  of  travel 
for  the  day,  and  results  showed  average  figures  of  70  miles 
and  52.4  miles  for  the  two  censuses. 

The  average  haul  for  truck  traffic  was  47.5  miles,  some 
of  them  hauling  a  distance  of  250  miles.  Officials  point  out 
that  traffic  of  this  nature  has  developed  in  a  period  of  some- 
thing like  10  years  on  a  road  which  prior  to  1910  carried 
almost  entirely  local  traffic. 


Paving  Costs  on  Country  Roads. — Average  costs  per  square 
yard  of  various  types  of  paving  for  country  roads  have  been 
compiled  by  the  U.  S.  Bureau  of  Public  Roads.  The  figures 
cover  68,000,000  sq.  yd.  of  paving  constructed  with  Federal 
aid  in  all  parts  of  the  United  States  during  the  period  1916- 
1921.  The  costs  per  square  yard  are  as  follows:  Sand-clay, 
18  ct.;  gravel,  46  ct. ;  plain  and  surface-treated  macadam,  95 
ct.;  bituminous  macadam,  $2.10;  bituminous  concrete,  $2.50; 
plain  cement  concrete,  $2.57;  reinforced-cement  concrete, 
$2.74;  and  brick,  $4.10.  These  figures  cover  only  the  cost  of 
the  paving;  they  do  not  include  the  cost  of  grading,  and  offi- 
cials point  out  that  it  must  not  be  assumed  that  roads  of  the 
several  types  can  be  constructed  in  any  locality  at  these 
figures.  For  example,  the  cost  of  bituminous  concrete  varied 
from  $1.70  in  the  New  England  States  to  $3.13  in  the  group 
of  States,  including  Kentucky,  Tennessee,  Mississippi  and 
Alabama.  In  one  group  of  states  the  cost  of  brick  dropped 
to  $2.40. 
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Bituminous  Foundations  for 
Pavements* 

By    HUGH    SK1DMORE, 

itory,    In.       Consulting    and    [napectlng 

Th<  two  must  Important  elements  affecting  the  design  ol 
pavements   for   b«>r m   <itv  I    count]    roads  are  the 

character  and  the  Intensity  ot  the  traffic  to  be  carried  I  b,ese 
two  (actors  combine  to  determine  the  probable  destructive 

hi    most  potent  ol  all  traffic  I -     Impact     There 

.hi    other  Important    ccn  tearing    power 

of  soil,  temperature  variations,  drainage,  quallt)  and  quantity 

eti   .   I  "I   all  of  111. 

Bideration    when    compared    with    traffic      The    remarkable 

changes  in  kind,  weight   and  si d  ni   vehicles   which   have 

occurred  in  the  last  tow  years,  have  necessitated  departures 
n.ii  onl]  From  sunn-  ol  tin.  accepted  practice  formulae  per 
talning  t<>  various  pavement  types,  but  also  from  Bome  of  the 

previously    conceded    standard    types   ol    inundation   and    wear- 
Mii-  construction. 

ridiculous    to   assume    thai    anj    I  Re    type   Of   inundation 

ring  surface  will  prove  the  best   under  all  conditions 

In    fart,   it    is  often   times   the   case   that    more    than   one    basic 

design  should  le  used  within  a  given  length  ol  pavement  and 

until  this  fact  is  more  generally  recognized,  failures  will  con- 
tinue   to    le    more    prevalent    than    thej    should    bj     reason    ol 

the  known  limitations  attend  i  a   basic  design 

i\.,.  schools  of  nought,  a-  uprll  d   to   pavement    founda- 
have  been  evolved.    These  are  essentially  diffe  ent  In 
fundamental   principles.     One  of  them   seeks   to   over- 
come tin'  destructive  •  Beet  of  the  traffic  loading,  which  al  any 

instant  may  le  converted  into  impact  of  variable  intensit) 
and  Often  equivalent   to  several   times   the  dead   load   by   means 

•  if  a  rigid  slab  possessing  strength  superior  to  the  possible 

ll    impact;    the  other  dissipating   the   blow    by  absorbing 

a  very   considerable  portion  thereol  through  a  flexible  struc- 
ture, which  is  always  in  actual  contact    with   tin-  subgrade, 
!    Insuring  greater  uniformity   of  load  distribution  and 
functioning  as  a  distributing  medium  or  foundation  and   not 

as    a    deflei  tor 

Flexible  Types  Discusced.—  Flexible-  and  si-mi  flexible  pave 
men!  Structures  are  tin-  oldest  type  known,  and  we  have  only 
Roman  mads  •<>  realize  that  tin-  soundness 
of  such  construction  was  thoroughly  demonstrated  long  ami. 
Although  modem  traffic  requires  a  wearing  surface  of  su- 
perior quality,  it  is  debatable  whether  highways  as  they  are 

ten    bull!    in    lllis   country    today    will    ever   prove    as    truly 

mlcal   as   thej    would    it    we   employed    more   generally 

tin-  old  idea  of  a  built-up  mad  n.  .1.  and  then  laid  upon  tnis 
our  modern   traffic 

Flexible  foundations  include  gravel,  broken  stone,  water- 
bound  macadam,  bituminous  macadam,  and  hot-mix  bitumi- 
nous concrete  They  are  usually  classified  as  to  value  in  a 
pavement  structure  In  reverse  of  tin-  order  named  with  bi- 
tuminous  ■   increte  as   the  highest   type      It    is  estimated   that 

there  are  1". so,    yd   ot    'block  base"  giving  satisfactory 

■    in  this  country. 

The   bituminous   inundation  structure  although   possessing 

•  ■able    beam    slmngth,    functions    prlmaril)    as    a    shock 

reducer,  that  is.  it  gives  sllgbtl)  under  the  blow  of  Impai  t 
in  transmitting  the  load  to  the  bubgrade.  Therefore,  the  de 
-ign  ol  tins  typi  places  considerable  reliance  in  the  load 
supporting  powei  oi  tin-  Bubgrade  Its  us.,  then  is  dependent 
knowledge  of  the  ability  of  the  subgrade  to  support 

'    •     probable    force    ot    Impact    reduced    by    the 

ogl  Iding  In  the  bituminous  structure;   whereas 

the  rigid   type,  regardless  ol   tl  power  of  the  Boil, 

must  bi  itain  the  entin    foi f  impact     Knr  this 

a    much   thicker   rigid    foundation    Is    required    under 
given    traffic   and   subgrade   condition  been   demon. 

-t  rated    b)     impai  I    I 

It   will  be  readily   seen  that  even  when    -  ni-  are  ol 
tionaide   value   as   a    Bubgrade,   bituminous   foundations   ma] 
still   be  employed   economically,   II   an   artificial   subgrade  of 

broken   stone,   gravel,   builders.   or   even   Cheaper   materials,   is 

wh.-n   old    macadam   or  gravel   mads   al- 
.m  excellent  artificial  subgrade  Is  offered 

II     -  |di  cina    is    nece   lary,    this    can 
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usually  be  accomplished  as  In  the  case  of  the  Kingston  Pike 

at  Knoxvllle,  Tenn  .  where  "black  base"  was  laid  about  4  in. 
thick    over    the   old    macadam   and    7    in.    thick    at    th IgOS    of 

t  he  w  Idened  pavement 

In  the  west,  when-  the  mn-t  ixtensive  yardage  of  bitunii- 
nnus   foundation   has   been   laid,  the  general   practice  seems 

in   be   in   taking   alternate    bids    in    specif)    •"•    in     total  depth    tor 

"black  base"  pavement   ami   7   lu.   for   Portland   cement    con 

crete   pavement   of  i  2  ".   mi\      Almost   universally    bids   for 

"black  base"  pavement.-,  have  I D  less  than  for  either  Port- 
land   cement    concrete    pavement    or    asphalt    wearing    BUrface 

mi   Portland  cement   com  Tin-  savins   has   varied 

from   -'"  In  i. il  ct   per   BQUare   yard 

Contractors'  Views.  Tin-  opinions  ol  Contractors  are  al- 
ways necessar)   and  valuable  si i in-  verj   nature  ol   their 

business  requires  that  they  give  ver>  careful  thought  to  coat 

and    practical   construction   features.      With    tnis   idea    in   mind 

i  have  taken  advantaf i  ever]   opportunity  to  discuss  with 

them    construction    problems    and    costs       In    order    to    obtain 

an  even  more  representative  Idea  >i  then  experiences  and 
view-   regarding   bituminous   ba  e,  queatlonnaires    were   Bent 

to  well  known  concerns  throughout  the  country.  Both  the 
number  of  replies  and  valuable  data  contained   in  them  greatly 

• led  expectations.    The  ccmbined  activities  of  tin-  .mi 

tractors    who    replied    cover   every    state   of    tin-    Union   as    well 

as  parts  ni   Canada,  ami  therefore  caii  be  safeiv   considered 

as    representing    the    general    attitude. 

Briefly,  the  experience  of  contractors  is  such  that  the]  am 
willing  tn  guarantee  "black   Last  .  •  a   lly  as   Portland  ce- 

ment concrete,  and  with  fe«  •  utopl  ons,  stated  that  less  risk 

was  attached   to     black   base         The  experience  Of  contractors 

generally  has  bet  n  decidedly  lower  maintenance  expense,  ami 
lower  first  cost  except  In  a  vety  tew  instances  whir.-  Height 
rates  proved  to  be  an  extraordinarj  item  Assuming  equal 
depth  of  foundation,  the  use  ot  same  aggregate  materials  in 
both  types,  and  Portland  cement  concrete  not  to  exceed 
1:2:5  in  richness  of  mixture.  90  per  cent  estimated  a  differ- 
ence in  initial  cost  of  from  nothing  to  ".il  ct.  per  square  yard 
less  tor  "black  base"  and  7."i  per  cent  estimated  "black  base 
at  from  25  to  ail  ct.  per  square  yard  less  than  Portland  ce- 
metii  concrete.  Since  it  Is  true  that  under  similar  traffic 
anil  subgrade  conditions,  less  il.ptli  of  "black  base"  is  re- 
quired,  it  will  be  readil)  seen  that  rigid  foundations  will 
usually  cost  substantially  more  than  the  highest  type  of 
flexible   base. 

(in.-  contractor  said  that  during  tin-  past  14  years  85  per 
cent  of  the  pavements  he  has  laid  have  been  upon  flexible 
foundations,  including  broken  stone,  macadam  and  a  goodly 
yardage  of  "black  base."    (  erta.niv   this  contractor's  expert- 

•  nee  with  this  type  of  foundation  lias  proven  highly 
satisfactory. 

The   cmlv    objection   raised    to      black   base"   construction    by 

any  of  the  contractors  was  the  possibility  of  idle  equipment 

in  the  event   a   protracted  rain)   season  was  encountered  on 

work  where  the  subgrade  did  not  drain  readily.  Undoubted!) 
such  a  combination  of  i  ireutnstain  es  would  delay  almost  atl> 
kind  of  paving  construction.  However,  it  is  quite  probable 
that  it  would  prove  more  Berious  with  bituminons  work  than 
in  the  case  ot  rigid  base  If  it  is  known  that  such  local  con- 
ditions as  these  are  al  all  probable,  it  would  seem  that  the 

engineers  would  provide  for  -in  li  a  contingencv    b)    specifying 

an  alternative, 

Conclusion. — In  summing  up  t'..-  advantages  ol   bituminous 
i.     foundation   it    is   thought    that    some  of  these  referred 
to    in    previous    discussions    will    1  ear    repetition: 

l.  lb.. ni-.  ni  greater  resistance  to  impact,  permits  the 
us.    ol    a   thinner   base   course   than    is   required   of   the   rigid 

t  V  pes 

2  Provides  Uniform  contact  with  the  subgrade.  thus  in- 
suring greater  uniformity  oi  load  distribution,  and  precluding 
He-  necessity  ot  relying  upon  the  pavement  structure  to  sus- 
tain  the  entin-  teirce  nt    lb.     traffic   li. .cling 

Provides    homogenelt)     of    mass    and    positive    bond     be- 
tween   wearing    course-    and    foundation    when    bituminous    top 

■  .mi  se  is  employed 

I        Provides    tr li  mi    limn    cracks,    upheavals,  and    rupture- 

which   are  cntnmnn    in   rigid    types 

Insures  against  the  preset if  moisture  in  the  foun- 
dation Btructure,  thus  prolonging  the  life  of  the  pavement 

6        lines    away    with    the    long    period    of    time    required    for 

the  curing  of  Port'and  ceracnl  concrete,  thus  permitting  the 
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opening  of  completed  wort  to  traffic  immediatelj  .uui  pro- 
viding a  greater  rapidity  ol  turnover  to  the  contractor. 

7.  ivrnuts  the  use  ol  the  same  aggregate  materials  ;is 
are  ordinarily  employed  In  Portland  cemenl  concrete  foun 
dations,  and   provides  decided  construction  economies. 

v  Under  given  conditions  costs  substantial^  less  than 
rigid  construction. 

9.     Maintenance  expense  is  less  than  for  rigid  pavements. 

in  Mas  be  easilj  repaired  al  minimum  cost,  the  surface 
patch  method  being  applicable  except  in  the  case  ol  verj 
serious  defects 


Varieties  of   Paving   Brick   Reduced   to  Seven 

Elimination  of  69  varieties  ol  vitrified  paving  brick,  re 
ducing  the  styles  and  sizes  in  use  from  66  to  7.  was  an- 
nounced last  week  al  the  D.  S.  Department  ol  Commerce,  as 
the  re3ull  "f  meetings  between  representatives  of  the  Industry 


Camp    Cars    Adapted    from    Trailers 

Camp  cars  made  from  trailers  are  used  for  bousing  "float- 
ing" bridge  and  maintenance  gangs  of  the  North  Carolina 
Stati     Highway    Commission      These   trailers    were   surplus 

war    materials   and    were   originally    intended    tin    use   in    haul- 
ing supplies  and  ammunition.     Several  ol  these  camps  have 

i n    constructed    In    the    various    districts    throughout    the 

,n  ni   which  are  similar  exi    pl   tor  minor  details     The 
t, .Hi. wing  description,  taken   from   the   North   Carolina    High- 

wa>      Bulletin,    relates    to    a    train    built     under    the    direction 

ol   'i    F.  fount,  Bridge  Construction  Superintendent,  tor  use 

pairing    bi  Idge     en    thi      tati     Mi  h    s  i      vstem.     The 

arrangement   described   is  typical   of  the   general  scheme  ,,t' 
construction. 

The   camp   train   consists   of   the   truck    which    furnishes   the 

motive    power,    a    sleeping    car.   a    dining   and    kitchen   car.   and 


Camp   Car    Train    for    Floating    Bridge    and    Maintena 
concerned  and  the  Commerce  Department's  newly  establ 
Division  of  Simplified  Commercial  Practice. 

At  a  meeting  held  Nov.  15  of  last  year,  tin-  varieties  of 
paving  bricks  in  use  were  reduced  from  66  to  11  At  a  meel 
ing  March  27,  lasting  only  two  hours,  the  number  of  recog- 
nized varieties  was  further  reduced  to  seven. 

The  action  of  the  November  meeting  of  the  joint  confer- 
ence of  representatives  of  the  manufacturers,  distributors. 
and  users  of  vitrified  paving  briek  received  the  endorsement 
of  the  Chamber  of  Commerce  of  the  United  States,  of  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Architects,  tlie  American  Association  of  State  Highway 
Officials,  the  National  Paving  Brick  Manufacturers'  Associa- 
tion, and  other  engineering  societies,  clubs  and  organizations, 
along  with  some  of  the  Federal  departments  which  have 
adopted  the  recognized  types  aDd  sizes  of  paving  bricks  as 
standard  in  their  specifications.  In  addition,  since  the  No- 
vember conference  was  held.  46  individual  manufacturers  ol 
paving  brick,  acting  independently  of  their  trade  organiza- 
tions, have  endorsed  the  action  of  the  original  conference. 

The  four  additional  eliminations,  unanimously  agreed  upon 
to  take  effect  at  the  end  of  a  year,  are  one  size.  3x3y2xS% 
repressed  lug  brick;  two  sizes — 3x4xSi;.  and  :'.1-x4xS,:» — of 
vertical  filer  lug  brick;  and  one  special  wire-cut  lug  hillside 
brick.  :;i^x4xs1^.  The  total  shipments  of  these  types  and 
sizes  of  brick  in  1921  are  approximated  as  in  per  cent  of  the 
total  shipments. 


New  Virginia  State  Highway  Commission. — Governor  Trin- 
kle  of  Virginia  has  signed  the  bill  for  reorganizing  the  State 
Highway  Commission.  This  bill  gives  the  Governor  the  au- 
thority to  name  the  five  members,  one  of  whom  is  to  be  the 
chairman,  who  will  be  vested  with  power  to  conduct  all  busi- 
ness of  the  State  Highway  Department.  Besides  the  chair- 
man, one  of  the  members  is  to  be  a  highway  engineer,  whose 
tlegi- nation   i-,  to  be   State   Highway   Commissioner. 


nee   Gangs   of     North   Carolina   Highway   Commission. 

the   small-tool   car.     The   latter,  however,   is  an  especial   adap 
tation   which   was   originated    by    Mr.    Yount. 

The  truck  is  a  3-ton  Packard,  known  in  the  army  as  the 
■•Standardized  B.  Heavy  Cargo  Truck.''  Except  for  building 
supports  on  either  side  for  carrying  painting  scaffolds,  these 
trucks  were  used  without  change.  Heavj  tools,  rope  and 
other  bulky  equipment,  are  carried  in  the  hack  of  this  vehicle 
at  a  minimum  cost  of  labor  and   time 

Coupled  next  to  the  truck  is  the  sleeping  car.  In  each 
corner  ol  the  car  is  placed  a  double-decked  steel  hunk  or 
Cot,  thus  furnishing  sleeping  accommodations  for  eight  men. 
while  in  the  center  of  the  car  is  a  small  heater.  This  arrange- 
ment gives  the  maximum  amount  of  char  floor  space  so  that 
the  eight  men  who  usually  make  up  a  gang  can  live  verj 
comfortably.  There  are  three  windows  on  either  side  of  lin- 
ear and  a  door  in  each  end  which  provides  a  sufficient  amount 
of  ventilation.  When  closed  the  car  is  as  tight  as  the  ordi 
nary  dwelling  and  can  be  made  comfortable  in  any  kind  of 
weather.  The  inside  dimensions  are  approximately  17  it.  6 
in.  in  length  and  8  ft.  in  width 

A  very  conveniently  arranged  dining  and  kitchen  car  is  a 
part  of  every  camp  outfit  and  is  coupled  behind  the  sleeping 
car.  On  either  side  of  the  car  in  the  end  next  to  the  sleeping 
quarters  are  folding  tables,  the  legs  being  arranged  so  that 
when  not  in  use  the  tables  can  be  folded  flat  against  the  wall. 
Along  the  wall  above  the  tables  are  shelves  for  storing  pro- 
visions, on  the  edges  of  which  are  nailed  strips  of  wood  so  as 
to  prevent  the  supplies  from  spilling  when  the  train  is  in 
motion.  On  the  left  hand  side  of  the  kitchen  end  of  the 
car  is  a  cabinet,  the  upper  part  of  which  contains  shelves 
for  storing  dishes  while  the  lower  'part  is  arranged  for  the 
storage  of  pots  and  pans.  The  top  of  this  compartment  is 
finished  up  so  as  to  furnish  a  table  upon  which  the  cook 
may  work.  On  the  right  hand  side  is  the  stove  which  is  an 
ordinary  wood  cooking  stove  of  a  size  that  conveniently 
tits  in  the  space  available.  In  moving  from  place  to  place  it 
is   necessary   to   take   down   the   section   of   stove   pipe   which 
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ool    ol   both   the   cooking   and   sleeping 

n  tins  difficulty  «as  easily  overcome  bj   using  a  slip 

joint  ami  guy-wires  tor  bolding  the  pipes   when   In  use,  bul 

which   can    be   quick!  j    detached    when    work 

at  one  bridge  and  a  move  is  made  to  another     As  originally 

ed,  and   in  Borne  cases   built,  the1  doora  in   the 
car  wi  :  .i~  in  the  sleeping  car,  i>ut   it   was  tound 

that  it  was  difficult  to  get  the  stove  in  thi  -.  mdow 

uhstituted  in  the  end  ot  tb  ■  car  next  to  the  stove  and 
a  full-sice  'lour  built  in  the  Bide  ol  the  car,  a  change  which 
has  proved  to  be  a  convenient  one, 
Botl  are  built  on  the  the  standard 

trailers,  a  number  ol  winch   have   been  received   from 
the  Government     Except   tor  removing  the  bodies  from  the 
the  onl]   change  made  was  In  the  couplings  ol   the 
tion  of  tii*-  end  of  the  car  over  the  end  ol 
the  chassis  made  it  nece  a  draw-bar  with  univer- 

sal joints  on  either  end  to  couple  the  cars  together, 

Last  in  tlio  train,  but  no  means  bast  in  Importance,  is  the 
small  car  which   is  used  to  Btore  small   tools  and  sup 
This  wagon  is  rather  Ingenious  in  construction  In  that   it   is 
made   up  ol  ol    entire!}    different    vehicles.     The 

chassis  is  that  of  a   l1-  ton  army  "Cargo"  trailer  while  the 
body  is  that  oi  an  aitn>  "Combat"  wagon.    Very  tew  changes 
iry  io  make  this  Into  an  admirable  tool   wagon 
All  of  tii.-  construction  work  on  the  train   i-  of  the   lirsi 
class  and  tio    bodies  are  well  finished  up     On  the  inside  ot 
the   sleeping    and   dining   cars   the  woodwork   is   Anished   in 
a  light  cream  color  while  on  the  outside  ail  of  the  tars  and 
the  truck  are  painted  the  standard  brown  color  used  by  the 
lighway  Commission,    The  windows  and  doors  of  the 
cars  arc   well  screened,  which  adds   very  materially  to   Hi' 
comfort    of  the   men   during   tin-   summer.     Considering   the 
amount    and   quality   of    work    done    in    overhauling   the   cars 
the    .ost    of    doing    so.    approximately   $250    per   car,   is    very 
reasonable.     Bj   having  -  quarters  in  which  to  live 

a  bett.  ■  cured  and  more  efficient 

work  clone. 


A  Method  of  Binding  Concrete  Base  and  Bitu- 
minous Pavement 
In  bituminous  pavement  construction  last  season  on  sev- 
eral roads  in  Atlantic  County,  New  Jersey,  a  new  device  de- 
veloped by  tie-  Standard  Bitulithic  Co.,  the  contractors,  was 
used  for  securing  a  stronger  bond  between  the  base  and  the 
surface  in  bituminous  pavement  work.  A  square  tamp  on 
the  face  of  which  i-  fastened  a  spiral  of  %-in.  steel  cable  was 
Used,    wilb    tl  how  n     in    the     illustration,    which    Is 

reproduced  from  The  Highwaym  ivice  was  employed 


New   Finish  on   Concrete   Base. 

on  the   Pleasantville-Mays   Landing   Road,  the   Dei 

■    and  on  Route  No    I  from  Absecon  to  thi 

lub       Abxander    Howard    Nelson,    Atlantic 

•  .irk. 


18-ft.    Bridges   the    Rule   on    Federal-Aid    Roads.      Pew    high- 
w  nb   a   w i. lib   c.t    roadv  d    is   it    are 

ted  on    mip                               n  ,  or, hue    to 
Bureau  of  Public  Roads.     In  the  past  some 
good    many  ot    16-fl     width   have   i n   con 

traffic  can   p 

|    and    16  ft     ot    w  iilib    SN  ill   not    accon 

•  i  'ennsj  Ivania, 

found  ii   oi 
on  li  make  them 

■nd    four    liic  -    Of    traffic. 


Simple  Sprinkling  System  for  Curing  Con- 
crete  Pavements 

An    Inexpensive,    easllj    handled    and    efficient    method   of 

curing  .en,.,  i,  pavement  was  used  bj  .1  1.  smith  in  a  21.- 
mil.-  Improvement  at  Seattle,  Wash.  The  method  is  described 
by  w  11  Tiedeman,  assistant  city  engineer  of  Seattle,  in 
the   Februarj    Concrete   Highway   Magazine. 

lb.-  contractor  bad  on  hand  iron,  former  county  contracts 
quantity  of  l',  in   pipe  In  about  20  t(    lengths 
wei-,    coupled  together  with   tees  Into  winch  a   '-.■   in.  nipple 

3    in      long    is    screwed:    a     stationary    brass    cap    known    as    a 

Muii'   spiinkb-r  completed   the   Installation      A   simple  ad- 

.1    screw     regulates    the    amount    of    spray.      The 

connected  line  was  attached  to  a  hydrant,  which  are  about 
300  n    aparl   in  Seattle,  ami   the  concrete   gang   carried   the 

'ell      pipe      oil      to     the      |>rc\loll-      da\     -      Well.,      wllicll     tOOk 

onlj    a   i.w    minutes      One  man   was  employed   to  take  care 


Curing   Concrete   Pavements   on   Tenth   Avenue.   Seattle,   With    Mutt 
Sprinklers   Attached   to   1'4-ln.    Pipe. 

Of  the  system  during  the  day.  On  a  recent  job  1-in.  pipe 
-ed  and  an  even  smaller  diameter  may  prove  sufficient 
for  the  supply  line.  Meters  show  that  41  111.  ft.  of  water 
are  used  to  wet  100  sq.  yd.  per  hour. 

The  sprinklers  were  required  to  in-  in  operation  during 
dinar]  working  hours,  but  in  the  summer  months  the 
night  watchman  was  instructed  to  turn  on  the  water  about 
sun-up  and  to  turn  it  off  after  sundown.  The  summer  nights 
at  Seattle  an-  always  cool,  so  it  was  not  expected  that  serious 
evaporation    would    take    place 

Mr.  Tiedeman  states  that  'he  first  cost  of  such  equipment 
is   small,   ami   the    results   an-   so   satisfactory    thai    its  use 

will   b.       pecifled   en  all  future   work   for   both   concrete   paving 
.mil   .  oni  rete  ba  s   in  Seattle. 


Cost  of  Grading  for  Highways 

A    gnat    variation    in    the    conditions    under    wb 
for    highways    is    done    in    different    sections    of    the    United 
states    is     reflected     in     cosl     data    compiled     by     the    V. 
S       Ifureau     of     Public      Roads     on     1.350     miles     of     Fed- 
eral aid     lead.      The     figures       cover     the     four-year 
1917  1921    and    are   based    on   a    total   of    24%    million    yards   of 

earth      Foi   thi    groups  of  states  the  average  price  per  cubic 

yard   is  as  follows:      .New   England  and   Middle  Atlantic   Stale-. 

Bast  North  Cenl  68;   West   North  Central,  (0  19 

South  Atlanti  >uth  Central,  $0.41;  West  South 

Central,    $0.35;    Mountain.    $0.52;    and    Pacini     States 
Tii,-   general   average   price    wa     $0  16      Probablj    thi 
tie    cosl   « ..    the  amount  of  : 
10    be   done    per    mile,    the   quantity    being   very    small    in    the 

having    the    highest     prices        In    per 
that    wb.-re   mostly   old   mails   are   rebuilt,   the  light    work  and 
tearing  up  the  "id  pavemenl  ted  the  cost.    The 

.11 :in   of  line  grading  or  trimming  required  for  the  1 

types  oi  pavement  was  ..i  ..   .  factor     Labor  cosl 
matic  c,,.. dm. in  .  time   111 
.•el  . ,,  1  ,a  detoui 
while  each  group  of  siates  did  not   have  tb.-  same  volume 

adlng  each   year,  and   therefore  the  average   flgui 
the  whole  country  Is  not  trulj  representative,  it  1 

to   not.-   thai    the  a  1   ng    gradually    rose   from 

.-'i  19  in  the  lirsi  quarter  ol  irn.  n  the  fourth  quarter 

el     1919,    and    then    gradually    declined    to    $0.34    in    the    third 

..■I     it  is  probable  that  the  latter  figure  would  be 

somewhat     higher    had     all     of    the     Stales     let     work     in     thai 

. 
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How  30-Year   Old   Brick   Pavements 
Are  Serving  Lynchburg,  Va. 

By  BOYD  A    BENNETT, 
Director,   Department    Public    H 

A  generation  ago,  in  1892,  to  be  exact,  the  properly  owners 
on  Court  St.,  in  Lynchburg.  Va.,  were  in  dispute  concerning 
the  kind  of  pavement  to  be  laid.  Lafayette  P.  Rodes  was 
the  City  Engineer  under  Mayor  R.  D.  Yancey,  and  his  records 
tell  the  story. 

Some  of  the  property  owners  wore  anxious  to  try  vitrified 
brick  tor  the  first  time.  Others  objected  because  of  its  higher 
first  cost  in  comparison  with  other  paving  materials.    Argu- 


.1  cosi  "i  $1.75  per  square  yard,  Mr.  Rodes  still  being  city 
,  nglneer.  The  City  Engineer's  report  for  this  year  gives  the 
following  detail  regarding  this  pavement: 

"The  natural  foundation  was  rolled  and  ram d  and  upon 

this  was  laid  from  4  to  i>  in.  ol  concrete  and  the  interstices 
brick  pavement   were  filled   with   Portland  cement.    A 
portion  of  the  area  thus   paved  at  the  time 

p  cellar  of  a  building  and  was  or  a  triangular  strip  of 
ground  donated  by  Hi"  railroad  company.  This  basement  was 
filled  and  a  wall  to  retain  the  same   ■  I  xceptlonal 

care   was    taken    in   ramming    the    basement,    filled    In    ihin 
layer-.    The  filler  used  In  this  portion  of  the  brick  pavi 
was  boiled  tar  pitch." 

Market   Square   wa     done    i    a  om       ears  aso  and 


,M  ft 


Fig.  1. — Court  St.,  from  9th  St.  West,  Paved   in   1892. 

ments  as  to  low  maintenance  cost  and  probable  long  life  of  a 
brick  pavement  prevailed  in  the  end,  and  vitrified  brick  were 
used. 

That  pavement  is  in  use  today,  is  in  good  condition,  and 
we  do  not  anticipate  at  this  time  any  improvement  on  it  with 
the  exception  of  keeping  out  the  holes  caused  by  settlement. 
(See  Fig.  1.) 

That  same  year  Cabell  St.  was  paved  with  vitrified  brick. 


Fig.  3.— Cabell  St.. 


Ry.  Sta 


the  city  auditorium  now  stands  en  that  site.  At  the  time  it 
was  torn  up,  however,  the  pavement  was  in  excellent  con- 
dition. 

Fig.  3  shows  the  condition  today  of  the  pavement  in  front 
of  the  freight  depot.  This  is  not  a  through,  street  and  all 
trucks  and  wagons  have  to  back  up  and  turn  around  on  this 
pavement,  causing  severe  abrasive  wear.  Traffic  is  unusu- 
ally heavy,  as  is  customary  around  freight  depots.     The  pave- 


Fcg.  2. — Cabell  St.,  fr 


D  St.   West.   Paved   in   1832. 


Fig.  4.— Madi 


5th  St.  West.  Paved 


The  street  previously  had  been  paved  with  macadam  and  this 
old  surface  was  utilized  as  a  base.  This  brick  pavement  is 
giving  service  today  and  Fig.  2  shows  its  condition.  In  both 
of  these  streets  a  sand  filler  was  used. 

Lynchburg,  a  city  of  more  than  30,000  population,  is  located 
on  the  James  River  and  is  the  shipping  center  of  a  large  iron 
and  tobacco  producing  region.  It  also  is  an  industrial  center 
with  numerous  factories. 

In  1895  a  number  of  our  merchants,  together  with  the 
Southern  R.  R.  Co.,  petitioned  for  the  improvement  of  the 
lower  end  of  Cabell  St.  between  the  railroad  tracks  and 
Orange   St.  with   brick,  and   the  work   was   done  in  1896,  at 


ment  is  in  good  condition  and  we  do  not  anticipate  any 
maintenance  whatsoever. 

I  might  say  that  wherever  maintenance  has  been  necessary 
on  any  of  the  brick  streets  it  has  been  due  to  failure  of  the 
foundation  and  sand  filler  as  a  consequence  of  the  exceptional 
increase  in  weight  and  amount  of  traffic  in  late  years. 

The  next  important  piece  of  vitrified  paving  was  laid  in 
1899  on  Madison  St.  between  First  and  Fifth  Sts.  L.  P. 
Rodes  was  still  city  engineer.  It  was  first  intended  to  pave 
this  stretch  with  rubble  stone,  for  which  a  bid  had  been 
received  at  83%  ct.  per  square  yard.  Property  owners,  how- 
ever, petitioned  for  brick,  guaranteeing  a  cost  not  to  exceed 
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$1.20  per  square  yard.     This  cost,  lower  than  the  Cabel  Si 
paving  in  front  ol  the  depot,  was  arrived  al   by  deciding  t  i 
lay    the   brick   <m   the   natural    boII,   compacted,   and   with   a 
.  ushion  ol  i  lean  sand 
An  examination  o(  the  soil  Bbowed  it  to  be  a  Btrong  claj 
.  «iiii  gravel,    The  i » i < t  for  brick  was  accepted  and  the 
work    started.     Sand    was    used    foi    filler      Because   of   the 
ol    the  brick  compan)    to  furnish  a   sufficient   num- 
ber ol  the  grade  ol   brick  required  under  the  high  Btandard 
iii.    city,  ii   »as  necessar}   to  accept  "Inferior"  brick, 
asured  by  this  high  Btandard,  and  .1  bond  guaranteeing 
ihi  Ir  quality. 
in  ins  annual   report   for   that    year  Cltj    Englneei 

1  be  tact  thai  1  be  30-1  ailed  "Inferior"  brick 

■  used  ami  predicted  the  tailu  ■  cement, 
At   ihis   writing,  after  the  Btreel    has    been    In   use   for   23 

.mil  without  .1  cent   spent  roi    main)  cept   for 

foundation   failures,  there  has  been   no  1  he   brick 

ticipated    bj    Engineer    Rodes      Fig     1    shows   the   con 
ilitiun  ol  the  pavement  today.    This  may  mean  either 
two   things:    either  thai    the   Btandard    sel    by    the   engineer 
was  unnecessarily  high,  or  thai  the  so-called  "Inferior"  brick 
laltty  than  he  thought      The  brick  on   this 
show  a  wear  ol  about  '■_•  In.  and  are  cobbled  because  the 
sand  filler  offered  little  protection 
Carrying  out   the  recommeni  Ii     Rodes,  the  new 

engineer,    11     D    Shaner,   In    1901,   laid   additional   brick 
■  .111   ami   he.   111   turn,   recommends   in    his    1901    report 
.  in  other  streets. 
In  connection  with  the  Madison  St.  pavement,  I  might  saj 
that    today   the   propertj    owners    are    petitioning    for   a    nar- 
rowing irking  place.     This 
st,  in  face  of  the  good  condition  ol  the  brick,  is  because 
unevenness  of  the  surface  1  msed  bj  foundation  failure 
and  cobbling  ol   the  brick  due  to  i  ection   bj    the 
■  Uraordinary  width  of  the  pavement  and  the 
fact   that   the  street   slopes   slightl]    on   om    side,   making   it 
■  bat  unsightl]  .  also  Is  an  argumi                 |  a  •  ing. 
camtnation  I  find  that  the  1  rick  are  ii 
condition  and  all  that  is  neci                       .  ■    this  a  new   pave- 
1    brick    using  th<    1  •  st  side  up,  and  apply- 
ing asphalt  filler. 

een  1901  and  1921  Federal.  Floyd,  Clay,  15th,  16th,  7th, 
9th.  Harrison.  12th,  llth.  Church  and  5th  sis  were  paved 
uith  brick,  the  last  lour  In   1921. 

Up  to  1911  when  the  last   brick  street   was  laid  outside  of 
laid  in  1921  we  had  the  following  pavement  mill 
Lynchburg:  Mites 

Brick 

I  -,.1,1.1. 

I  1 1 

Maintenance  costs  tor  the  year  1910,  when  we  had  the  mile 
en  above, 

•    ■ 

Rubble  701  "  1 

m 

The   bahavior  of   vitrified    brick    pavements    in    Lynchburg 

■  to  the  follow  ini;  conclu 
1.     While    brick    pavements    cost    more    than    some    other 

pavements   in  the  beginning  thej  in   worth   the 

•    ni    ih. -ii 
long  life  and  low  mainti  n 
Good   brick   pavemi 

sfully    built    on    a    thoroughly    compacted    natui 
•  :n  sand  cushion  was  used  on  the  natural  so 
cter  thai       dra  Ined  easily, 
pri    ent-daj   traffic,  II  is  believed  they  should 
rolled  Btone,  gravel  or  other  base     Had  asphalt  filler 

aed,  it   would  have 

Machine  for  Testing  Gravel   tor   Road   Building.      To  aid    the 

a  .,1   Publii    -  lar  attention 

.   material   ■■ 
Impli     port    :   1     1    uaratn     ha  1  d   ior 

..|  to  determlnt    Its  Bultabillty  for  concreti 

plei  •■ 
in  bi  the  ball     and  the 

fall  11  om  different    hi  inhts  ami 
The  height  ol   rail  required   to  break  the 

'  in, 1  the  blow     "t 

(10 


Some    Fundamentals    of    City    Planning 

Illustrated  in  the  Plans  for  Watertown 

Square  and   City  Hall 

By  JOHN    NOLEN,   Town   Planner 

[Following   1-   a    verj     light    condensation   of   Mr    N'olen's 

report   made  In   1921    to  the   Planning    Board  ol    Watertown, 

.Mass      11  presents  in  compact  form  a  very  effective  account 

Of   a    minor   city    planning    problem    and    its    solution.      a    map 

anylng  the  report   shows  the  existing  layout  ami  the 

proposed    solution;    ami    discloses,   a lit    other    Interesting 

details,  a  considerable  auto  parking  space  adjacent  to  the 
city  hall.     Editor  Engineer  ami  Contracting  I 

As    a    basis    loi    our    -111. I  '  .'ii  1 1  a  I  u  in  s    a    Bimple 

survej  has  horn  prepared,  which,  however,  furnishes  all  the 
data  necessar)  to  give  efficient  knowledge  of  the  existing 
conditions  for  our   purpose.     The   infi  obtained   has 

been  shown  graphically  on  a  numbei  ol  prints  of  the  ma 
Watertown  and  submitted  to  the  Planning  Board 

The  general  plans  or  diagrams  ol  the  Burveys  are  tour  in 
number,   namely,   the    Existing    Conditions,    Mam    Thorough- 
Public  Properties  and   Population  Distribution. 

The  iir si  of  these  survej  1  lans,  entitled  Existing  Condll 
shows  tin    public  and  Bemi-public  properties,  railroad  and  in- 
dustrial property,  stoi  ids  and  car  line  streets    The 
second  diagram  gives  a  graphii     •  parate  presentation  ol  mam 
thoroughfares      The   third   diagram   Bhows    public   properl 
independent  of  the  othi  1    i'  al  in      on  the  Existing  Condll 
map     The  fourth,  tbi  tributlon  bj  enumeration 
districts,  in  accordance  with  tlie  1920  r.  S.  Census 

in  addition  to  the  data  cov<  run-  the  entire  area  of  the  town. 

more    detailed    SUrvl  en    made    showing    valuations, 

properly  lines  and  building  occupation  ol  that  section  of  the 
town  described  in  the  vote  under  which  our  work  has  been 
doni  We  have  considered  thTs  area  as  Watertown  Square 
ami  recommend  thai  il  be  known  as  such.  The  use  ol  the 
term   "Beacon    Square"    tor    pari    of  eems    to   us 

contusing. 

\\ .    also  submit   wiih  this   reporl  as  a  contribution   toward 

the    understanding    ol    the    1 1    conditions    a    collection    of 

Watertown  photographs  covering  the  region  of  Watertown 
Square  ami  other  aear-bj  ge  tlons  studied  m  connection  with 
the  present  town  planning  project 

The  gist  of  the  recommendations,  based  upon  painstaking 
Held  work,  consultations  with  the  Planning  Hoard,  and  a  1 
ful  consideration  ol  all  I  ditlons  as  shown  by  the 

1111  ey,  are  as  follows 

1.  That  the  property  known  as  the  Kelly  Corner,  bounded 
by  .Mt.  Auburn.  Arsena  and  Taylor  sis.,  be  purchased  and 
developed  as  the  site  toi  thi    proposed  town  hall. 

2.  That  the  property  known  as  the  Mors,-  and  Hosmi        I 
■  11   North    Beacon   and    Riverside   sis     be 

acquired  also  ami  held  for  inure  public  and  semi  public 
buildings,  the  actual  locations  and  sites  to  be  determined  and 
allotted   as  occasion  arise,   in  the  future. 

3  That  building  lilies  be  officially  established  in  accord- 
ance with  the  plan  which  we  are  submitting,  entitled  "Pro- 
posed location  for  town  hall,  together  with  other  changes 
suggested   in   Watertown  Square." 

1  Thai  Spring  St  from  the  railroad  to  Main  st,  be  aban- 
doned as  a  street,  and  a  new  ti  Mi  ri  .ni'  Row 
opened 

Thai  the  present   Di  Square  be  improved  and 

developed  as  proposed  on  the  plans  submitted 

The  general    location    for   the   town   hall   building   has   1 a 

prettj   commonly  agri  mniendation 

1  ides    in   the   mam    with  iched    1\    the    New 

Municipal   Building  Committee  and  submitted  h>   them  a 
igo      1  low  ■  ,,  .1  ■,     the  orientation 

oi  the  building  and  the  preparation  ol  a  comprehensive 
scheme    of    Improvi  V\  itertown    Square    involves 

more  than  merelj  selecting  a  town  hall  site  such  action 
cannot  be  taken  as  an  independent  problem  because  II  is 
Intlmatel)  related  t..  and  dependent  upon  the  right  solution 
of  other  town  planning  qui  those  related  to 

traffic  regulation  and  control 

All  things  considered,  the  lot  recommended  for  the  town 
hall    iie  appears  to  us  the  1  esl  for  ti" 

2) 
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ble,  dominant  In  Ita  relation  to  the  Square,  adequate  In  area, 
suitable  In  shape  (provided  the  new  property  and  building 
lines  are  established),  and  reasonable  In  cost  The  tad  thai 
this  property  is  at  present  covered  i>>  buildings  ol  quite  un- 
usual unsightliness,  while  not  an  important  reason  for  »ur 
recommendation,  is  an  additional  advantage  that  would  result 
from  its  public  acquisition  and  developn  •  at 

We  are  of  the  opinion  thai  the  acquisition  of  the  Kell)  site 
would  not  I"-  sufficient  In  itself,  but  that  I  in. aid  also 

acquire  and  control  the  unusually  well-located  block  on  the 
axis  of  Main  St,  between  x.  Beacon  si  nd  the  Metropolitan 
Park   Reservation.     This  property  doe  a   us  .is 

well  adapted  as  the  Kelly  site  toi  111,  iwn  hall  Itself,  but 
Watertown  needs  new  site,  for  other  buildings,  and  will 
require  more  in  the  future.    Moreover,  the  merit  ol  the  Kelly 

propertj  as  a  town  hall  site  depends  to  some  extent  upon 
the    control    and    proper   occupancy   of   the    Morse  and    llosmer 

property. 

Our  conviction  as  to  the  preeminence  ni  tin  tites  recom- 
mended as  the  best  loeations  tor  the  center  ol  the  town  lite 
was  not  reached  without  a  thorough-going  examination  and 
study  of  all  other  possible  sites  fronting  on  tie  Square,  and 
also  those  in  the  neighborhood  of  Saltonstall  Park  prac- 
tically the  only  alternative  region.  Our  studies  and  exam- 
ination id'  local  conditions  in  the  field  served  onlj  to  confirm 
the   conclusions   that    we    had    reached 

Of  almost  equal  importance  with  the  selection  of  the  town 
hall  site  and  provision  for  future  buildings  is  the  improve- 
ment   of  the    whole  appearance   of   Watertown    Square   and    the 

more  adequate  provision  for  the  steadily  increasing  traffic 
by  the  establishment  of  the  new  building  lines  as  recom- 
mended, the  completion  of  the  clearing  and   improvement    ol 

the  triangular  park,  the  change  in  the  outlet  of  Spring  si 
and  the  relocation  of  the  car  tracks.  The  exact  character 
of  these  proposals  can  better  be  appreciated  bj  reference 
to  the  plan  submitted. 

Spring  St.  at  present  comes  into  the  Square  at  a  most  In- 
convenient point  and  tends  unnecessarily  to  congest  Main 
St.  traffic.  To  divert  it  as  we  have  recommended  would,  we 
believe,  prove  of  decided  advantage.  We  haw  indicated  on 
the  plan  a  method  of  taking  care  of  the  service  requirements 
of  all  existing  buildings.  The  section  of  Spring  St.  that  we 
advise  vacating  could  be  built  over  in  the  future,  or  developed 
as  an  attractive  shopping  arcade. 

The  Main  Thoroughfare  diagram  submitted  as  part  of  the 
local  survey  brings  out  clearly  the  important  e  of  Watertown 
Square  as  regards  the  traffic  lines  that  pass  through  Water- 
town.  Practically  all  vehicles  bound  to  Boston  on  the  north 
side  of  the  river,  as  well  as  most  of  the  cross  traffic  1"  •  n 
Cambridge  and  Newton — which  is  considerable— goes  through 
this  intersection.  This  (entering  of  the  traffic  gives  to  Water- 
town  Square  peculiar  prominence,  and  has  caused  it  to  be- 
come an  index  of  Watertown.  Moreover,  this  Square  has 
long  ceased  to  be  merely  a  town  center.  It  is  an  important 
focal  point  in  the  whole  Metropolitan  District,  An  examina- 
tion of  the  map  of  Watertown  in  its  relation  to  the  circulation 
problems  of  the  district  and  the  town  will  make  clear  that 
no  other  intersection  in  Watertown.  now  or  in  the  future, 
can  compete  in  importance  with  Watertown  Square.  While 
the  Square  is  not  geographically  the  center  of  the  town,  it  is 
the  permanenl  center  of  business,  traffic  and  interest,  ami 
close  also  to  the  center  of  population.  The  three  most 
populous  eunmeration  districts  all  abut  on  the  Square,  and 
the  center  of  population  as  located  from  the  government  fig- 
ures is  within  a  block  or  two  of  the  Main  St.-Mt.  Auburn 
St.  corner. 

The  construction  of  a  new  town  hall  in  Watertown  has 
been  under  general  discussion  for  decades,  and  d<  Unite  plans 
of  merit  have  been  presented  and  considered  for  at  least 
seven  years.  The  present  town  hall  dale  from  1850.  and 
although  creditable  in  its  day.  it  has  long  since  outlived  its 
usefulness,  and  the  site  is  not  suitable  for  a  new  municipal 
building.  The  time  for  Watertown  to  decide  has  con* 
Action  should  be  farsighted.  It  should  be  based  upon  a  com- 
prehensive plan  and  the  adoption  or  a  definite  program  for 
carrying  out  the  plan  logically,  step  by  step,  to  a  conclusion. 
A  comprehensive  program  should  include  appropriate  sites 
for  the  town  hall  and  other  public  buildings,  the  establish- 
ment of  a  permanent  and  satisfactory  layout  for  the  entire 
Square,  other  necessary  street  changes  leading  into  the 
Square,  the   consideration   of  more  remote   but  related   town 


planning  problems,  and  the  voluntarj  action  of  propertj  own 

era  in  ami  about  the  Square  with  a  view  t.>  the  gradual  Im- 
provement  Of  the  ate  lliteetllle  of  tile  lillslness  blocks 

The  opportunity  of  Watertown  to  carry  out  at  this  lime  a 
substantial,  successful  and  creditable  piece  oi  public  work 
is    quite    unusual.      It    ran    be    done    now     withoul    burdensome 

expense,  and  win  unquestionably  bring  large  returns  in  prac- 
tical convenience,  higher  propertj    ralue     Increased  taxation 

ami  in  enii    pride     Watertown,  like  most  other  places  id'  its 

size,  stands  in  need  of  town  planning.  There  are  many 
Important  unsolved  problems  ol  sire, as.  /oiling,  playgrounds 
and  parks,  housing,  etc.  Good  work  has  already  been  done 
by  the  local  Planning  Hoard,  and  its.  report  of  1914  is  an 
admirable  outline  of  the  kind  of  practical  services  that  town 
planning  could  render.  The  call  now  is  to  pul  recommenda- 
tions into  effect.  No  better  start  could  be  made  than  with 
tin     town    hall,    a    project    that    should    have    the    interest     and 

backing  of  all  citizens. 


School    for    Inspectors    on    Asphalt     Wcrk 

As  a  means  tor  qualifying  its  inspectors  for  the  Inspection 
of   bituminous   paving   the   North     Carolina     state     Highway 

Commission  through  its  Division  of  Tests  and  Investigations 
has  established  a  short  course  in  bituminous  laboratory  and 
plant  instruction.  The  course  is  necessarily  a  short  one  and 
consists  of  taking  the  men  into  the  laboratory  for  about  a 
week  to  learn  the  different  tests  of  the  materials  used  and  to 
attend  lectures  by  the  supervisors  of  this  type  of  construction. 
Alter  the  laboratory  and  lecture  courses  are  over,  the  men 
are  taken  to  the  asphalt  plant  lor  instruction  in  the  duties 
oi  the  plant  inspector  and  then  on  Hie  road  for  instruction 
regarding  the  construction  methods  to  be  used 

The  men  for  this  work  were  secured  mostly  from  the 
different  districts  into  which  the  work  of  the  Highway  Com- 
mission is  divided.  The  number  of  men  from  each  district  is 
proportional  to  the  amount  of  this  class  of  construction  to  be 
(allied  on.  This  will  allow  the  men  to  be  located  in  the 
same  district  they  came  from  and  the  only  need  for  any 
change  would  be  in  the  demand  lor  emergency  Inspection 
from   ano- her   part    of   the   state. 

To  allow  the  most  efficient  instruction  to  be  given  within 
the  allotted  time,  it  was  found  necessary  to  divide  the  student 
inspectors  into  two  classes.  The  first  (lass  reported  Feb.  20 
and  the  second   Feb.  27. 

The  subjects  taken  up  consisted  mainly  of  the  following, 
i      Qualifications  of  plant   inspectors. 
Qualifications  of  paving  inspci  tors. 
.'.     Responsibility  of  inspectors. 
IV     Sampling  raw   materials: 

''   "  Detail   -a   methods    i"i    each  and   practical   demon - 

'  ...  ,  strations  with  emphasis  "ii  tie-  necessity  for  careful 

Filler       '  ' 

Asphalt       "•","'h"-  "'    materials, 
i.    Testing  raw  materials  In  thi    field 

The   men   to  do  all  the    testing    ..I    the   various    materials   until 

they  are  thoroughly  familiar  with  tie   work 
Vjsphall  plain  construction: 

Details  of  construction  and  operation  of  plants  and  emphasis 

on  the  various  parts  of  the  plant   equipment   which  require 

careful  inspection, 
6       Isphalt   specifications: 

SI I    asphalt    won  in       surface 

Bituminous  concrete  -fin    aggn  gate  type. 
Bituminous  concrete-coarse  aggregate  type 
Bitumlnoui  ienc  tra  tion    met  hod 

i      Measurement  and  control  of  proportions. 
S.     Ttie   calculations    to   secure   'he    best    mixture   from    available 

materials. 
9.     Explanations  and   performance   "i    He-   various   field   tests   for 

determining  i  he  i  oids  etc.,  in  materials. 
i".  Sampling  the  various  types  of  mixtures. 
it.     Control  of  temperatures  at  the  plant. 

haracteristics  of  the  different   bituminous  mixtures. 

'  '■■ -Mia.'  equipment  by  I  he  Inspei  toi 

it      Co-operation  between  the  plain  and  paving  Inspector. 
15      Co-operation  with  the  contractoi 
lfi.     Flux  phalt  at   the    plant 

IT      Dispatching  from  the  plant. 

18.  Repi 

The  preparation  of  complei  data    and  keeping 

of  plant   records. 

19.  Preparation  of  base  course. 
General  methods  of  construction, 

21.     Sampling  on  the  road  and  cheek  samples. 
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Steel     Turntable     for     Road     Builders 

A  ;  r  saving  Him  <.|   builder-    la   illus 

... 

... 

and  i!  ■  r doners  u bleb  hai i 

11  light  rollei 
wbicb  tra\.  ,  u'.;ir  track 

I  -   cm    run i  ibility.     The 


Portable    Turntable   for    Road    Construction. 

turntables  are  made  In  four  sizes,  ror  trucks  from  1-ton  to 
6-ton  or  heavier  capacity.  The  •  unliable  for  the  1-ton  truck 
has  13  ft.  lone.  '.'  in.  wide  channel  runways.  The  height  of 
the  runway  -in.  and   the  diameter  of  the 

circular  track   is    10   ft.     This    >  manufactured   by 

the   Western    Structural   Co..    Moline,   HI. 


FloatjBridge  for  Concrete  Road 
Construction 

On  many  concrete  paving  jobs  [I  has  been  found  that  a  final 
belting  some  little  time  after  i    has   been  struck 

off,  tamped,  and  -una.  id,  docs  much  to  prevent  hair  cracks 
and  also  giv  urface.    Time  usually  does  not  allow 

the  finishing  machine  to  go  back  and  do  this  final  belting, 
and  it  was  primarily  for  this  work  thai  the  float-bridge  illus- 
trated below  was  developed  The  Boat-bridge  is  a  band 
operated  belt  float  and  substantial  bridge  combined.  One 
man  operates  the  lever  whicb  I  acfe  and  forth 


Lakewood   Bridge   Float. 

tomaticall] 

■ 

that  the  float- 

ickward.    The  belt  can  be 

■  mafic  ally    held    up    until 


Machine  Loading  of  "Red  Dog"  for  Road 
Resurfacing 

In  so parts  of  PennB]  Ivanla  a  material  known  as  "red  dog." 

a  waste  product  of  the  coal  [or  road  surfacing. 

The  culm   from  the  mines   is   piled   in   huge  banks  and   With   it 

is  mix<  I   in  amount  of  coal  which 

from  spontaneous  combustion  and  bums  for  a  long  period. 
Tins  burning  transforms  the  culm  Into  material  resembling 
slag  from  a  1  and  this  is  called  "red  dog"  because 

burned-oul    red   color.     This   material   is  difficult   to 
tse  of  its  unevenness  in  quality.    In  some  spots 


#! 

Wft  ' 

5^^ 

Barber-Greene    Loader    Handling    "Red    Dog." 

it  is  sofl  and  powdery,  in  Others  hard.  The  accompanying 
illustration  shows  a  method  "i  excavation  used  in  Washing- 
ton County  for  getting  out  this  material.  When  the  machine 
was  put  to  work  it  was  understood  that  blasting  was  to  be 
done  ahead  of  the  loader.  The  blasting  method  proved  un- 
satisfactory on  account  of  the  variation  in  material  and  the 
loader  was  finally  jammed  Into  the  bank  and  did  its  duty 
just  as  thougb  it  were  in  a  gravel  pit. 

F.  H.  Hixson,  in  charge  of  the  machine  for  the  Washing- 
ton County  Commissioners,  states  that  he  has  been  able  to 
load  2S0  to  300  tons  a  day  direct  from  the  bank.  After  several 
miles  of  county  road  had  been  resurfaced  several  of  the  town- 
ships and  boroughs  contracted  for  the  use  of  the  loader  at 
a  fixed  daily  charge  for  the  machine  and  operator.  In  this 
work  the  machine-  has  handled  a  total  tonnage  of  12,501  tons. 


New  Batch  Box  Car 
The  accompanying  illustration  shows  a  new  batch  box  car 

supplied  for  this  seasons  work  to  Aaby  &  Maturi.  of  Chis- 
holm,  Minn.,  for  the  construction  of  a  concrete  road  running 
partly  alongside  of  the  Duluth  &  Northeastern  Ry.,  and  touch- 
ing this  railroad  at  Martin  Siding,  Minn.  The  car  is  con- 
structed for  carrying  two  batch  boxes,  each  containing  33 
cu.   ft    capacity,     The   construction  of  these  cars  differs   in 


Koppcl    Gatch    Box   Car. 

•   to  Koppel  cars   shipped  to  these  contractors  be 

.|.-\  ice,  w  bub  does  not   permit   un- 
couple i  men  mi;  the  pin,  and  the   special  V 

itor  t..r   1 1 1 •  •  batch   boxes   which   run-   i 

the  cat      The.  underframe  is  made  of  heavy 

hip  channel  steel     The  wheels  are  cast  Bteel  M  In.  m 

diameter.    The  bearings  are  Koppel  double  Bprlng    u  pended 

caged  design     The  brake  construction  i     fool  operating  :""' 

acting  c.n  all  four  w hi 
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New  Road  Roller  Attachment  for  Tractor 

The  accompanying  Illustration  ne*    road  roller 

attarim    i      ror    \\'vv    road    tractoi  iller   lias 

the   sain,     wheel    I  ase   as    the    A.vei  Ith    the    front 

wheel.     Tlir   roller  sets  directly   under   the  front   end  of  the 

-    in  place  of  the  front  axle  tor   will   turn 

around  as  short  with  the  roller  as  with  The  turntable 


Machine   Loading  of  Trucks   in    Snow 

Removal 
A  mechanical  loading  machine  was  employed  b; 

contractors  in  the  Mott  Haven  1'i  trict  "i  New  5Tork  City  in 
snow  removal  work  following  the  storm  of  Feb  16  last  The 
machine  was  used  in  loading  trtlcks  from  high  snow  piles  in 
Important  streets.  This  particular  snowfall  was  a  combina- 
tion  oi    i.i in    si.  .i    and   snow,   and    n 


Avery  45-to  HP.  Road  Tractor  with  Road  Roller  Attached, 
is  mounted  on  hall  bearings.  The  tractor  with  the  roller  is 
9  ft.  wide  and  has  an  average  pressure  per  square  inch  on 
the  road  surface  of  175  11).  This  road  roller  attachment  can 
easily  he  removed  in  less  than  an  hour's  time  and  wheels  can 
be  put  on  the  machine  for  use  in  hauling  and  other  jobs  that 
may  be  required  of  a  tractor. 


The  Titan  Central  Double  Reduction  Truck 
Axle 

A  truck  axle  developed  especially  to  meet  the  extreme  con- 
ditions of  sub-grade  hauling  of  the  road  builder  has  been 
brought  out  by  the  Titan  Truck  Co.,  Milwaukee  Wis.  The 
important  features  of  this  rear  axle  design  are  the  gear  re- 
duction driving  and  full  floating  carrying  principles,  and  the 
banjo  housing.  The  one-piece  oanjo  steel  housing  forms  a 
continuous  and  unbroken  double  bridge  construction  from 
spring  pad  to  spring  pad,  offering  the  greatest  possible  re- 
sistance in  both  upward  and  downward  directions  to  road 
shocks.  Under  the  full  floating  principle  the  load  strain  is 
entirely  separated  from  the  driving  members,  so  that  over- 
loading and  road  shocks,  and  twisting  can  in  no  way  cramp 
or  bind  the  gears  or  driving  elements. 

All  driving  gears  are  assembled  in  a  central  head,  this 
unit  including  gears  and  bearings,  operating  entirely  in  a 
bath  of  oil.  and  is  self-contained.  This  is  stated  to  insure 
aabsolute   perfect   alignment   and   quietness   at    all   times,   be- 


oval   Work   in    New   York   City. 

freeze.  The  snow  piles  were  unusually  difficult  to  handle,  as 
t  h i ■  \-  were^  frozen  and  had  to  he  broken  down  by  hand.  Had 
the  fall  consisted  merely  of  snow,  this  additional  labor  of 
breaking  down  the  piles  would  not  have  been  necessary. 
With  four  men  breaking  down  the  piles  and  one  machine 
operator,  a  speed  of  one  truck  of  7.7  cu.  yd.  capacity  every 
2y2  minutes  is  stated  to  have  been  not  at  all  unusual,  this  in- 
cluding the  time  forgetting  the  loaded  truck  away  and  placing' 
the  empty  one.  The  operating  cost,  assuming  that  half  the 
time  is  used  up  in  moving  the  machine,  and  the  average  per- 
formance 1%  cu.  yd.  a  minute,  or  720  cu.  yd.  in  an  8-hour 
day,  is  stated  to  have  been  as  follows: 

Gasoline,  15  gal.  at  28  ct $  1.20 

Operator    

I    laborers L6.00 

$26.20 
or  about  3.65  ct.  per  cu.  yd.  The  machine  was  designed  and 
built  by  the  Geo.  Haiss  Mfg.  Co.,  Inc.,  of  New  York. 


Instrument  for  Determining  Truck  Loads 

A  portable  weighing  instrument,  designed  primarily  for  use 
by  state  and  county  officials  for  conveniently  weighing  trucks 
that  are  suspected  of  being  overloaded  is  illustrated.  Each 
loadometer   has   a   screw   jack   mounted   on   a   plunger   which 


4, 


Titan    Central    Double    Reduction    Axle. 

cause  of  the  full  floating  construction  of  the  load  carrying 
element.  The  shafts  can  be  taken  out  without  removing  the 
wheels;  the  head  itself  can  be  taken  out  by  the  removal  of 
four  large  bolts  and  placed  on  a  work  bench,  and  worked 
at  in  the  light  and  with  cleanliness.  The  power  reduction  is 
had  through  a  set  of  wide  faced  bevel  gears,  and  wide  faced 
spur  gears,  which  operate  in  a  bath  of  oil. 


Che 


ith    Loadometer 


Up    Load   of  Ti 

operates  in  an  oil  filled  cylinder.  By  jacking  up  the  truck 
with  these  instruments  the  weight  is  transferred  to  the  instru- 
ment and  the  plunger  indicates  the  pounds  weight  on  a  high 
pressure  gauge   connected   to  the   oil   chamber.     The   bodies 


(105) 
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of  these  Instruments  are  ol  Bpeclal  aluminum  alloy  and  the 
total  welghl  of  one  loadometer  is  10  lb  The  loadometers  are 
us.-ii  in  pairs  in  Borne  Btates  and  counties,  and  In  other  places, 
m  order  to  save  time,  four  constitute  a  s<  I 

Two  New  Graders 
Two  new  adjustable  leaning  wheel  graders  have  been 
placed  on  the  market  by  J  D.  Adams  &  Co.,  Indianapolis, 
Ind..  both  of  which  are  claimed  to  be  particularly  practical 
for  load  maintenance  as  well  as  jtreel  maintenance  purposes 
The  Road  King  No.  I  is  a  general  purpose  machine  thai  is 
strong  enough  and  heavy  enough  for  moderately  heavy  ditch- 
ing and  grading  and  yet  light  enough  tor  general  maintenance 
purposes  II  has  a  7  ft  blade  and  is  designed  tor  use  with  >'■ 
or  10  io  ix  ii. I',  tractor.  Since  it  maj  !"•  used  eithei 
with  horses  or  tractor  it  is  Furnished   with  horse  equipment 


Road    King    No.   7   Grader. 

I  ae  tongue  or  both,  as  desired  The  machine  has  all 
of  the  conveniences  and  adjustments  ot  the  larger  Adams 
graders  All  of  the  controls  arc  within  easj  reach  of  the 
'operator's  scat,  from  which  all  adjustments  can  he  made 
while  the  machine  i-  In  motion  and  without  the  loss  of  a 
moment's  time. 

The  Square  Deal  No  l-C  was  designed  to  meet  the  demand 
for  a  leaning  wheel  grader  heavy  enough  to  do  light  ditch 
work  and  light  enough  to  serve  as  a  I'  horse  surface  grader 
This  machine  has  all  of  the  adjustments  and  efficienc]  of 
ger  Adams  grader  All  adjustments  are  easily  anil 
quickly  made.  The  front  and  rear  wheels  are  leaned  inde- 
pendently as  required  by  two  cranks.  The  blade  is  raised 
and  lowered  by  quick-acting  worm  and  gear  mechanism  which 
affords  positive  and  accurate  blade  adjustments.  The  frame 
is  shiftahle  on  the  [ear  axle  which  enables  the  blade  to  cut 
well  outside  of  the  line  ol  wheel,  en  either  side      The  blad  i, 


Square    Deal    No.    1-C    Grader. 
[-Bible  and   is  quickly   Bel    and    licked 
:    inning    angle       The    blade    .'  I  al    pitch    ad- 

to  suit  the  work  being  done, 


The    Ideal    Section     of     the     Lincoln    Highway.      Plans    have 

d   by  the   i  ol   Public  Roads  tor  the 

Ideal   Section"   of   road    to   d  d   "ti    the    Lincoln 

Highv  I  ounty,  Indiana,  during  the  coming  Bummer, 

Tin-  dl  d   Intend  to  produce  in   it  their  vision 

of    what    the    main    highwa-,       Q      the    eounlr\     mU    '     be    m    the 

Bubmltted  •■    the  state  Highway   f> 

Dl     Indiana    show    that    th(      section     Will    be     pearl]      I    , 

miles   in  length  and  will  be  pieced  In  the  middle  ol  .1    lOO-fl 

The  roadway  i-  to  be  m  fl    wide  and  provision 

ucrete,  bitu  te   or  brick 

Km  b  tj  1  e 


of    surface    is    to    be    of    a    thickness    calculated    to    withstand 

heavy    traffic.     Night    travel    will   be   made-   safe   by   electric 

lights  .:."i  ft.  above  the  nuiiUi.n  and  at  suitable  Intervals  on 
one  side  of  the   road.     All  electric   wires   will   be  underground 

I'm   pedestrians  a  ,vrt.  gravel  sidewalk  will  be  placed  in  one 

of  the  -."-ft.  -trips  ot  parking  which  are  to  be  on  each  sidl- 
ed   the   road,   and   the   parking   will    receive   effective   landscape 

treatment.     It    is   not   thought    that    present    traffic   Justifies 

tin-  width  ot   roadway  to  be  bu  It,  but   rather  it   is  Intended 

as  an  object  lesson  for  the-  future,  and  the  traffic  studios  to 
be   made  on   it   will   be   valuable   m   settling   many   questions  as 

to  the  relation  ol  traffic  densit)  tc,  mad  width,  the  best  meth- 
ods of  traffic  regulation,  ami  itnei  problems  that  an-  becom 
Ing  more  Important  each  year      Federal  aid  will  be  granted 

on    this   highway   at    the   rate   ol    120, a    mile. 

Wider    Highway    Tendency    Shown     in     Road     Building.— Of 

mile-  of  completed  Federal-aid  road  for  which  statistics 

have  been  collected  by  the  i  .-•  Bureau  ol  Public  Roads,  one- 
half  has  been  constructed  of  In  and  is  It.  width.  25  per  cent 
of  a  greater  width,  and  2.".  per  cent  of  a  less  width  As 
would  in  expected  the  wldei  mads  have  been  constructed 
largel)  in  the  more  populous  Si  ites,  although  some-  of  tin-  less 
populous    Stales   are    building 


ways.     There  is  a  general   tend 
roads  in  meet  the  needs  id  tli 
as   show  n    I  j    tin-   ;■;.   per   1  enl 
w  idtl).   7   per  cent    being   '.'4    ft.  1 


.lor  roads  tor  the  main  high- 
■cy.  it  is  said,  to  build  w  Ider 
conetantl)    increasing   traffli 

1    the    mileage    over    lx    It      111 

A   III  el 


Personals 


Ineer  ol  1  Hint 
ippotnti  •!   a    member  of   t  he 
11.    Is  a  graduate  of  Mas- 


H.  E.  Hawkins,  city  englneei   i>l    Eldorado,   Kans.,  has  been  ap- 
point! H  ■  1' .    tnanagei 

R.   S.    Hummel   has   been    appointed 

1   Bun  .hi    il  sir.  et  Pavli      1       h. 

..f  Richmond    V"a. 

Benton   Anderson   lias  I lected 

Francis    Victor   du    Pont    ha 
st. it,    Highway  Commission  -1  1  >.  lawar 
sachusetts  Institute  of  Techi 

w.  A.  Van   Hook,  cos  I    ei  the   Bureau  of  Valuatl 

the   Interstate   Commerce   Commission,    formerly   assistant    dl 
11    in.  1  r  1.1"  the  central  district,  ha     1  -    I]  ned  in  become  1  hief  iiiL-i- 
neer  of  The  Roberts-Pettljohn   Wood  1  orporatlon,  accountants  and 
,  ngim  ers,  -a   '  Chicago. 

S.    H.    Kintner,    who   is    will    known    for    bis   research   and   engi- 
neering   work    in    the   development    et    radio   apparatus,    has   been 
appointed    managei    of   tie    researcl     department    of   the   v/esting- 
Electrlc     $    Manufacturing    Co      succeeding    C     1-:.    Skinner, 
who  has  been  made    assistant   director  of  engineering  in   tin-  West- 

isc    Company,     lb-  will  1-    located   in  thi    research  labot 
building  mar  East  Pittsburgh,  Pa. 


Obituaries 


John   P.  Agnew.  a   well 


contractor  "t  1  'hlcago,  died  March 
thai  cltj .  aged  61, 
Harvey    E.   Grace,   vice-president    and    treasuret    ol    the   William 
are  Construction   •'"..  Chicago    an  a    Men. ho.    Man 
Martin  Nelson,  assist n m   .  1  I   the  Foundation  Co..  was  In- 

intlj  killed  March  23  al  Wall  Calll  when  he  stepped  from  a 
iciftc  Electric  em-  ami  onto  the  m  \t  track  where  another  car 
is  passing  at  that  moment 
Harry  P.  Nawn,  president  ind  general  manager  of  the  Hugh 
iw-ti  Contracting  Co.,  of  Boston.  Mast  died  March  28  at  Gllboa, 
v  .    whet  e  he  wai      upei  tction  of  the  Gilboa 

llll     -I      Me       N.    W      Vet  I,     '     11  v       H        '.    1  UPPlj   . 
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wiiii   11   complete!)    equipped 


The   Elgin  Sales  Corporation   I 

Si, ml,     l.a    Salle    St. 

The    Black    &    Decker    Mfg.    Co. 
11  mm.    Ave    to  2030   I-: 
of  the  office 

The    Federal    Motor   Truck    Co. 
,    m,  101  v    branch   .0    San    1 
ale     .1.1.1  sen  lei    plant  at  11       Post  st 

w.   C.   Allen,   form.  1    mai  1    the   Black   .>.    ker   Philadel- 

phia   brand 

made   branch   managi  1    ol    tl k  &    1  lecki  1    Chic  ago  on 

which    lakes   in    tin     Mat.-    ol    \\     consln     Illinois,    Missouri,    Iowa, 
in. 1  North  Dakota 
The    Lakewood    Engineering    Co,    Cleveland     O  -    that 

th<    Contractors'   Trading   Co      lm  Fulton   St.,   New   York,   will 

building  ci 

01  merlj    «  oh    the     L  ikew 1    Engii  eel 

nanai  •  ■     Wilson   01    the   Ijikc 

.  ,i     viilh     lie  11.     10     l.n   till 

The    Orton    4    Stelnbrenner    Co..    .•!    Chicago    ami     Huntington, 
manufacture  rs   of    Inn.  moth  e  crai 
buckc  I-    .mil    co 

■ 

•  11  1.1    \.  n    •>  m  1.  and  n  epre-i  n(   it   in 

Englam  N  •  « 


fori 
V.    P.    Blackstead.    foi  mi  1 
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\h  1  a...  kstc 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)    SI 

(b)  Streets  i  .1 1    M 


't   Cleaning 

Icipal     Miscellanies 


Waterworks  and   Hydraulics — 2nd   Wednesday 

(a)  Waterworks  <c>    Irri 

(b)  Sewers    and    Sani-      (d)   Pou 
tation 

(e)   Management    and    Offlc 
System 


Railways  and  Excavation — 3rd  Wednesday 

(a)    Excavation  (c)   Quarries   and    Pits 

lb)   Management   and        i d  i    Steam     Railways,    Con- 
System  struetion    and    Maintenance 
(e)    Electric    Railway    Construction 
and   Maintenance 

Buildings   and  Structures — 4th   Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor    Structures 


(d  i    MH i 

(e)   Propertle 
tf)    Managair 
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of    Materials 
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What  Do  Daily  Paper  Editors  Know 
of  Economics? 

There  is  more  discussion  of  political  matters  by  the  edi- 
tors of  daily  papers  than  by  any  class  of  men  other  than 
politicians.  What  is  of  vastly  greater  important'!-  ia  the 
hat  editors  daily  talk  to,  or  at  least  at,  audiences.  They 
are.  therefore,  the  most  important  teachers  of  political  eco- 
nomies. What  are  the  qualifications  of  the  average  editor 
to  express  opinions  on  economic  matters?  Judged  by  the 
daily  papers  that  come  to  this  office  from  every  large  city  in 
America,  there  is  not  one  editor  in  ten  who  has  carefully 
read  a  modern  treatise  on  political  economy,  and  a  still 
smaller  number  who  have  read  a  single  book  on  business 
economics.  Yet  rare  is  the  editor  who  is  not  ready  to  express 
a  very  positive  opinion  on  any  economic  matter  that  seems 
to  him  to  be  of  public  moment. 

Is  it  this  morning's  decision  of  a  state  public  utility  com- 
mission on  telephone,  or  gas.  or  street  car  rates?  Your 
average  editor  is  prepared  to  pronounce  upon  it  in  tomor- 
row's paper — or  even  in  this  afternoon's  edition.  It  matters 
not  to  him — and  he  rarely  knows — that  weeks  of  work  were 
involved  in  hearing  and  reading  the  testimony  on  the  rate 
ease.  The  editor  can  tell  you  without  securing  any  of  the 
testimony  that  the  commission  in  its  decision  was  entirely 
wrong.  , 

Is  it  a  question  relative  to  a  tariff?  The  editorial  answer 
is  ready  before  the  question  has  been  fully  framed.  He  will 
tell  you  that  the  prosperity  of  America  in  the  past  has  been 
mainly  due  to  protection;  and  that  more  than  ever  now  is  it 
desirable  to  shut  out  the  products  of  "cheap  foreign  labor." 
It  rarely  occurs  to  him  that  if  America  is  to  sell  to  foreigners, 
foreigners  must  sell  to  America;  or  if  his  economic  knowl- 
edge compasses  this  much  of  the  elemental  principles,  still 
he  is  apt  to  deny  the  wisdom  of  applying  the  principle  at  this 
time  or  in  this  particular  case. 

Is  it  the  cause  of  hard  times?  The  editor  is  usually  "there" 
with  a  reason — "overproduction,"   some   acts   of   the  Federal 


en  what  not.  Listen  to  this  specimen  from  one  of  the  largest 
of  daily  papers: 

"If  the  coal  strike  and  other  labor  troubles  could  be  ad- 
justed with  little  delay,  the  country's  industrial  situation 
would  soon  be  as  satisfactory  as  a  normal  home  market  can 
make  it.  Foreign  trade  would  still  remain  a  problem  to  be 
solved,  for  full  prosperity  is  out  of  the  question  without  a 
constantly  increasing  export  trade  to  take  care  of  the  growing 
surplus  of  American  products." 

Full  prosperity,  this  editor  asserts,  is  out  of  the  question 
without  disposal  of  our  surplus  abroad.  This  is  an  old  be- 
lief, but  one  that  has  never  been  established  as  being  true. 
On  the  contrary  there  are  many  facts  that  controvert  it.  In 
the  first  place  in  normal  times  less  than  1 1 •  per  cent  of  our 
annual  produce  is  shipped  abroad,  and  in  exchange  we  re- 
ceive almost  an  equal  amount  of  foreign  produce.  There  is 
unquestionably  an  economic  gain  by  the  exchange,  but  it  is 
probable  that  the  gain  does  not  exceed  30  per  cent  of  the 
total  amount  sold.  If  so,  30  per  cent  of  10  per  cent,  or  3  per 
cent  represents  the  annual  net  gain  resulting  to  America  from 
iis  foreign  business  in  normal  times,  calling  the  entire  annual 
business  100  per  cent.  In  any  event,  the  gain  from  foreign 
trade  is  normally  a  pitifully  small  part  of  the  total  business. 

Put  differently,  if  instead  of  exporting  or  importing  any- 
thing. America  were  to  depend  entirely  upon  its  own  re- 
sources, the  economic  loss  would  probably  not  annually  exceed 
about  3  per  cent  of  the  gross  value  of  all  our  products.  It  is 
true,  of  course,  that  a  sudden  and  great  drop  in  exports  up- 
sets important  industries,  and  that  the  effect  I  It  'lirough- 
out  the  nation.  But  a  nation  soon  adjusts  itself  to  the  new 
conditions  and  the  ultimate  effect  is  very  slight. 

Those  who  talk  of  the  necessity  of  securing  a  foreign  mar- 
ket for  our  surplus,  ignore  the  fact  that  if  we  are  producing 
too  much  of  a  given  class  of  thing,  the  remedy  is  to  curtail 
its  production  and  to  divert  men  and  capital  into  other 
fields.  This  is  a  slow  process,  it  is  true,  but  it  is  the  process 
by  which  the  American  people  have  reached  the  point  where 
they  are  now  consuming  five  times  as  much  wealth  annually 
Bank  board,  the  depreciated  currency  of  Europe,  labor  troubles, 
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per  capita  as  they  did  a  century  and  a  quarter  at 
not  referring  to   wealth   In  dollars  of  different  buying  power, 
but  to  weal!1  In  dollars  of  the  same  buying  power. 

The  "real  wage"   (not  money  wage)   Is  im«    Bve  told  what 

it   was   ill   1800.     The  per  capita   surplus   product  ion   in    l'.'L'L'   i> 

(00  per  cent  as  compared  with  the  total  production  in  1800. 
Arc  we  Bending  this  surplus  abroad?  We  are  not  sending 
10  per  cent  of  it  abroad,  and  for  what  we  do  Bend  we  are 
iid  pro  quo  in  foreign  goods, 
It  Is  the  most  puerile  of  economic  sophistry  to  talk  of 
American  prosperitj  being  dependent  on  a  foreign 
surplu  BC    this   sophistry   in   our  daily   papers   year 

in  and  year  out.  announced  with  the  utmost  assurance  by 
writers  who  evidently  think  that  no  one  would  dare  dispute 
them.      Their   very    assurance    makes    it    char    that    th- 

iders  of  scientific  economics,  for  if  they  were  students 

comic-    they    WOUld    realize    that    they    must   defend    tin' 

propositions  which  they  now  regard  a-  needing  no  deft 

Our  i  political  econom]    haven't  made  a  dent   in 

the  average  editorial  brain  as  yet.  Perhaps  engineers  may 
accomplish    what   those   professors    have   failed   to  do. 


not  always  get  it  The  third  group  includes  only  detail  or 
distinctly  minor  problems,  which  do  not  warrant  extensive 
-inches,  and  are  to  be  met  by  the  simplest  and  most  direct 
Of  standard  means.  Only  a  aovice,  and  a  thoughtless  novice 
at  that,  will  spend  valuable  time  designing  a  structure  of  a 
lew  dollars  cost  when  the  requirement  can  he  met  by  a 
standard   ami   oasih    procurable   article. 


Why  Do  It  Like  the    Other    Fellow? 

The  account  in  this  i>sue  of  Engineering  ami  Contracting 
giving  details  of  the  design  and  ((instruction  of  a  low  head 
conduit  in  the  water  supply  system  of  Tacoma.  Washington, 
illustrates  a  character  of  saving  too  often  overlooked.  In  this 
i  low  head  and  the  tacl  that  the 
lines  were  for  emergency  operation  only,  lead  to  a  radical 
departure  from  ordinary  types,  with  a  very  substantial  Bavlng 
as  a  consequence.  Economy  of  construction  was  studied  most 
carefully,  and  out  of  the  studies  came  the  conclusion  that  a 
concrete  conduit  of  l"  section  and  Hat  top  would  supply  the 
operating  requirements  of  the  case  more  cheaply  than  would 
any  other. 

What   was  there  of  significance  in  such  procedm.    am 
elusion?     Merely  this:    that  with  the  circular  section  all  but 
universal    foi  •  onduits,   jobs   of   such    moderate    size 

(presumably  the  conduit  was  to  cost  in  the  neighborhood  of 
$40.000 1  frequently  fail  to  bring  out  any  really  original  think- 
ing. With  a  first  grade  project,  running  into  millions  of  dol- 
lars, we  expect  the  exerci-'  ol  first  grade  "engineering  In- 
genuity," but  with  an  undertaking  of  the  modest  proportions 
of  this  Tacoma  job,  careful  and  economical  work  along  well 
known  and  established  lines  is  often  all  that  is  asked. 

If  this  were  an  isolated  case,  its  lesson  would  not  be  im- 
portant. As  it  is  far  from  isolated,  it  serves  as  an  excellent 
reminder  of  two  things — the  benefits  which  proprietors  may 
derive  from  the  employment  of  genuine  engineering  talent 
instead  of  more  technical  skill;  and  the  opportunities  ever 
present  to  the  engineer  who  seeks  them  openmindedly.  For 
the  man  of  imagination  and  energ]  the  opportunities  are  mani- 
fold. 

In  the  possession  of  some  men  knowledge  is  a  live  thin::: 
for  others  it  is  dead.  When  live,  it  stimulates  the  never- 
effori  to  which  all  advancement  is  due:  when  dead  it 
is  but  a  tool  like  a  shovel  or  a  steam  engine.  Why  merely 
"do  it  like  the  other  fellow  "?  Why  be  content  with  a  dead 
knowledge?  Such  for  centuries,  was  a  great  part  of  the 
knowledge  of  Asia  and  to  a  lesser  extent,  the  knowledge  of 
Europe.  Men  did  that  which  always  had  been  done,  and  in 
the  way  it  always  had  been  done,  and  thought  they  could  do 
no  better.  No  American  desires  to  be  classed  with  the 
or  with  the  European  of  a  dead  age:  yet  through  a 
lazy  following  of  precedent    man]     \  •■■   very  close 

to  such  a  position. 

Still,  the,,.  ]-  an  opposite  extreme  which,  if  less  common, 
may  result  in  great  evil  The  man  who  cannot  or  will  not 
learn  the  lessons  of  the  past  may  invoke  disaster  where  his 
ultra  (  brother   but    accepts    stagnation,      l-'ottu- 

i    iar  in   the  practice  ot   engineering, 
although  a  too  grei  periment  or  an  overcon- 

fidence  in  Judgment  unbacked  by  proof  are  related  faults  not 
unknown  i:  ion.    Truly  the  engineer  requl 

fine  balaic  e  "t  qua 

Then  an  occasional  overlooking  of  what  should 

i  loping  or  classification   of  problems.     The 

roup  .     composed  of  major  problems  for  which   high 

igbl   without  question,     To  thi  i    inter- 

ip,  belong  such  problems  a-  tie-  one  here  men- 

.    worthy   ot  original   thinking  but    the-.    . i . . 


Why  Construction  Should  Not  Be 
Postponed 

During  the  last  six  months  of  1921  more  long  time  bonds 
for  public  works  Were  Bold  than  during  any  previous  period 
of  twice  that  length.  Since  such  bonds  are  sold  well  in  ad 
coiistruciM.n  ih. i  tbej  '.ner,  it  is  evident  that 
the  year  1!'22  will  break  all  records  for  public  works  con- 
struction. Interest  rates  mi  such  bonds  have  declined  at  an 
astonishing  price  during  the  last  year,  partly  because  of  the 
business  depression  ami  parti]  because  sucb  bonds  are 
exempt  from  income  taxation.  No  public  work  need  now  be 
■  cause  oi   high   interest   rates. 

There  is  still  some  talk  about  "going  slow  on"  public  works 
until  freight  rates  and  prices  come  down,  but  students  of 
price  and  wage  levels  are  now  pretty  much  in  accord  on  the 
proposition  that  price  and  wage  deflation  has  nearly,  if  not 
entirely,  run  its  course 

Although  freight  rates  are  about  75  per  cent  above  the  pre 
war  level,  there  is  no  likelihood  that  an  average  reduction 
exceeding  10  per  cent  will  be  made  for  several  years.  Such 
a  reduction  would  bring  freight  rates  to  a  point  about  60  per 
cent  above  the  prewar  level,  which  is  about  the  present 
excess  of  the  cost  of  living  over  its  cost  in  1913.  To  bring 
even  a  10  per  cent  reduction  in  freight  rates  will  require  a 
reduction  of  fully  20  per  cent  in  the  wages  of  railway  em- 
ployes, if  railways  are  to  earn  6  per  cent  on  their  invested 
capital.  If  they  are  to  earn  G  per  cent  on  their  present 
of  reproduction  less  depreciation,  freight  rates  will  have  to 
be  raised.  All  in  ail.  it  Is  quite  as  likely  that  freight  rates 
will  be  10  per  cent  higher  five  years  hence  as  that  they  will 
be  10  per  cent  lower. 

For  80  years  average  wages  in  America  have  been  closely 
proportional  to  per  capita  money.  Taking  10  years'  averages 
(so  as  to  eliminate  fluctuations,  due  to  "good"  and  "bad" 
times)  the  average  wage  has  been  almost  exactly  propor- 
tional to  the  average  per  capita  money  during  the  past  ten 
decades.  Per  capita  currency  in  America  is  now  50  per  cent, 
and  per  capita  gold  is  80  per  cent  above  the  amount  in  1913. 
With  the  revival  of  business  paper  money  will  increase,  so 
that  in  all  probability  the  increase  in  per  capita  currency  will 
approach  or  even  exceed  the  increase  in  per  capita  gold  since 
1913.  Wages  will  follow  the  per  capita  money,  unless  80 
years  of  wage  history  are  departed  from.  Therefore  wage 
levels  will  probably  be  higher  two  or  three  years  hence  than 
they  are  today. 

Two  and  a  half  years  ago  the  writer  testified  in  a  federal 
court  in  Texas  that  he  believed  that  prices  and  wages  would 
fall,  but  that  the  fall  would  be  arrested  when  a  level  about 
60  per  cent  above  the  1913  was  reached,  and  that  thereafter 
the  decline,  if  any,  would  he  very  gradual  This  prediction 
was  based  on  the  per  capita  level  c.i  money,  and  the  events 
have  thus  far  justified  th<  prediction.  There  were  many  who 
at  that  time  believed  that  price  and  wage  levels  would  not 
recede.  There  were  othet  who  predicted  a  speedy  decline 
lo  prewar  levels.     'I  i   of  stationary  wholesale 

price  level  (average  of  326  commodities),  it  is  apparent  that 
price  deflation  has  run  its  course;  and  the  prophets  of  con- 
tinued decline  to  pre  war  levels  have  almost  ceased  talking 
We  are  now  on  the  first  stages  of  rising  wholesale  prices  in 
most  lines.  No  one  can  tell  how  long  the  rising  period  will  con 
tinue,  but  there  is  little  doubt  that  it  will  last  until  the 
wholesale  price  index  reaches  fully  K',0,  or  60  per  cent  above 
i he  100  i"i'  cent  level  "i  the  year  1913 


An  Explanation 

To  the  Editor:  In  the  lettei  appearing  above  mj  signa- 
D  the  March  22nd  I  ue  ei  Engineering  and  Contracting 
Btence:    "In    this    Btate    the    majority    of    engineers    arc 

engineers    in    nam lly;    who    have    mil    even    a    high    school 

Ion,       i       Ukelj     to    be    lllisilllerpi.  I'd        TlO'    senteii.  • 

intended  lo  apply  to  conditions  before  the  recent  enactment 
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of  an  engineer's  registration  law,  when  pei  sons  i listinctlj 

engineers  (subh  as  land  surveyors,  electricians,  plumbers, 
contractors,    manufacturers'     repn 

themselves  engineers,  it  was  unfortunati  thai  the  above 
sentence  was  used  alone,     if  l  had  known  mj    letter  would 

be  published  i  would  have  been  more  c il  to  explain  the 

meaning  ol  the  sentence.     I   trust,  thereto  pou   will 

allow  me  Bpace  to  correcl  any  talse  Imp 

rested  bj   the  sentence. 
Raleigh,   N    C  HARRI    Tl  CKBR. 

Scientific  Research  as  a  Career 

Some  Interesting  points  on  scientific  re  earcb  an  given  by 
Dr.  W  It  Whitney.  Director  Research  Laboratory  ol  General 
Eilectric   Co.,   in   the   February    Wisconsin  trom 

which  we  iiuote  the  following: 

In   1,200  American   industrial    plants   and    many   college    and 

government  laboratories,  more  than   10,000  men  and   women 

trained    to   be    insatiably    curious    about    the    90    odd    elements 

whlcb  compose  everything  today  are  discovering  new  mate 
rials,  new  methods  and  Improvements  over  the  old.  They  are 
the  country's  industrial  research  workers.  They  fill  the 
ranks  of  a  profession  whose  value  to  industry  is  becoming  of 
Increasing  importance. 

Research  is  not  new.  It  has  been  going  on  in  one  form  or 
another  ever  since  early  man  began  to  experiment  with  Ibis 
and  that  to  learn  how  to  make  better  clothes  and  more  palata- 
ble foods  and  more  effective  tools  and  weapons.  But  modem 
science  had  to  produce  a  vast  number  of  highly  valuable 
contributions  to  knowledge  before  its  experimentation  was 
accepted  by  industry  as  of  real  value. 

However,  a  few  triumphs  such  as  the  making  of  wrought 
tungsten  and  the  creation  of  a  score  of  entire  new  industries 
around  cellulose  compounds  which  research  men  hit  upon, 
were  proof  enough  of  the  scientists'  worth  to  business.  Well 
equipped  laboratories  for  them  to  work  in.  and  the  freedom 
with  which  they  delve  into  the  unknown  now  attract  more 
and  more  young  men  and  women  eager  for  a  creative  career. 

The  man  who  will  be  successful  in  research  work  must, 
however,  be  of  more  than  average  ability.  He  must  possess 
interest  and  a  broad  imagination.  Above  all,  he  must  be 
honest  with  himself — be  interested  in  truth  and  not  merely 
in  proving  or  disproving  a  hobby.  It  is  not  necessary  for 
him  to  be  a  phychologist.  He  should  have  a  wide  perspective 
and  the  ability  to  distinguish  between  the  essential  and  non- 
essential in  his  work  in  relation  to  the  practical  applications 
of  it.  He  should  possess  an  inquiring  mind  and  the  ability 
to  get  at  the  meat  or  kernel  of  whatever  he  may  undertake 
He  must,  in  addition,  know  how  far  to  push  investigation.  In 
other  words,  he  must  be  practical.  He  should  question  every- 
thing, even  common  facts — taking  nothing  for  granted.  The 
questioning  mind  of  Dr.  Irving  Langmuir  who  started  an  in- 
vestlgation  to  find  out  how  oil  spreads  out  on  water,  resulted 
finally  in  the  ability  to  measure  the  size  of  molecules.  Inge- 
nuity is  an  important  asset,  as  is  also  resourcefulness.  The 
research  worker  must  know  facts  about  matter — call  it 
physics,  mechanics,  chemistry,  electricity,  or  what  not.  The 
more  he  knows  about  his  own  science,  other  things  being 
equal,  the  more  he  will  accomplish,  and  the  broader  his 
knowledge  of  other  sciences,  the  greater  will  be  his  ability. 
Above  all.  the  man  must  be  interested.  If  interest  is  absent, 
he  must  forego  the  excitement  and  pleasure  of  research,  for 
tin  y  will  seldom  come  to  him. 

Research  work  is  not  confining  in  the  sense  that  a  man  is 
anchored  to  a  desk  on  a  routine  job  like  bookkeeping,  for 
instance,  for  there  is  a  mental  freedom  about  it.  It  differs 
from  other  fields  in  that  current  output  is  proportionate  to 
the  sum  of  previous  effort  and  to  be  pre-eminently  successful 
he  should  possess  a  general  physique  above  the  average.  At 
the  same  time  physical  make-up  is  relatively  unimportant 
since  there  is  always  a  field  for  activity  if  one  has  the  neces- 
sary mental  qualifications.  A  well  balanced  research  man 
usually  does  not  follow  the  example  of  Mr.  Edison,  who  works 
without  sleep,  and  so  prolongs  a  useful  life.  Edison  should 
be  considered  an  exception,  as  probably  most  would-be  emu- 
lators would  have  died  from  the  exposure  he  has  withstood. 

The  college  trained  man  is  more  likely  to  succeed.  Al- 
though a  college  training  is  not  absolutely  essential,  it  gives 
an  acquaintance  with  facts  that  emboldens  one  to  try  things. 
Research  can  best  be  described  by  the  word  "trying."     An 


\  B  training  might  Increase  his  pleasure  in  living,  but  does 
nol  necessari,lj   make  him  a  bette    research  worker. 

Mental  vision  and  wide  Inten  I  are  the  most  valuable 
requisites  Familiarity  with  economics  and  the  humanities 
helps  to  give  a  man  a  sense  of  proportion  as  long  as  they  do 
not    district    him    from   his    work.      Many    men   have   lost    their 

own  or  patron's  money  because  tie  \  were  hypnotized,  or 
possessed  by  some  single  Idea,  plan  or  Invention  which  ordi 
nary  schooling  could  have  cm  rectei 

Contradictions  of  the  laws  of  thermodynamics  and  the 
production  of  something  trom  n  ithing  are  still  on  the  wing. 
1  luring  the  war.  of  the  hundreds  of  thousands  of  ideas  sub- 
mitted only  one-tenth  of  one  per  cent  were  worthy  of  even 
being  Investigated.  Most  of  them  were  submitted  by  people 
who  had  received  little  or  no  schooling.  Their  will  and  wish 
was  fine,  but  they  had  not  had  a  chance  at  good  education. 

In  sliorl.  a  well  rounded  technical  education  is  best  and  since 
physic's  and  chemistry  are  fundamentals  of  research  work, 
these  should  be  emphasized.  Whethei  or  not  a  man  special- 
izes in  any  particular  field  makes  little  difference  as  then  are 
probably  equal  opportunities  in  all. 

After  he  gets  his  educational  training  he  should  go  after  a 
job  where  there  is  a  definite  opportunity  to  do  research  work 
with  a  minimum  of  routine.  Private  work  at  present  offers 
better  opportunity  than  government  work.  Colleges  often 
form  good  stepping  stones  in  a  young  research  man's  career 
because  he  learns  there  to  do  much  with  little  and  to  appre- 
ciate the  value  of  published  information  or  "literature." 


Water  Power  Resources  of  Canada. — The  developed  water 
power  in  Canada  now  totals  2.756.000  HP.,  according  to  a 
report  of  the  Dominion  Water  Power  Branch  of  the  Canadian 
l  li  part  ment  of  the  Interior. 

The  latest  figures  on  the  water  power  resources  of  the 
Dominion  showing  the  available  water  power,  the  additional 
installations  during  the  past  year  and  the  present  total  devel- 
oped power  are  presented  in  the  following  table: 


Pr ov 1 


Turbine    Installation    in   Available  24  hr.  pow- 

H.P.  h  at  Mi',  .tH.i.-n.\ 
Installed                    At  ordinary    I  >.  i>.  n.l- 

On  Jan  1.  during  On  Jan.  1.  minimum     able  for  fi 

1921.         1921.           1922.  flow,  H.P.  mos.,  H.P 

British    Columbia..     305,115            200        305,315  1,931,142       5,103,460 

Uberfa     33,187    33,187  175.2S1       l.i  :s7.r,or. 

Saskatchewan    r,i3.48l      1.087.756 

Manitoba     83,447       13,8 7,247  3,270.491       5,769,444 

Ontario    1,039.000  U73.650     1. ill'. oral       1. 1150.3 sos.l'.in 

Quebec    ■.!■:,;. a-,:,      s:m<<mi     i  .ii|S.::v,  0.M5.244     11,640,052 

New  Bruiifwiek   ...       21.180         9,000          30,180  50,406          120,807 

Nova   Scotia    34.073       12,876           16,948  20,751          128.261 

Prince   Edward   Is- 
land              1.S69     1.S69  3.000              "..270 

Viik.m   anil   X.   W. 

Territories    13. MS     13.199  125.220          275,250 


2,457.165     298,815     2.755,080     18,255,316     32.075,998 

units  in  the  Queenstnn  Plant. 


State  Water  Supply  Commission  Suggested  for  New  Jersey. 
— Creation  of  a  State  Water  Supply  Commission  of  not  more 
than  three  members,  with  broad  powers  and  more  or  less 
complete  control  of  New  Jersey  watersheds,  is  suggested  as 
the  best  way  to  insure  proper  water  supply  to  the  metropol- 
itan district  in  the  northern  part  of  the  State  in  future  years 
in  the  report  of  Allen  Hazen,  of  Hazen,  Whipple  &  Fuller, 
New  York  engineers,  who  have  just  completed  an  investi- 
gation of  the  State's  water  supply  problems  for  the  State 
Conservation  and  Development  Commission.  This  procedure 
is  necessary,  it  is  argued,  because  of  the  difficulty  of  securing 
proper  co-operation  among  municipalities,  and  because  of  the 
need  for  a  comprehensive  and  properly  thought-out  "scheme, 
taking  into  consideration  future  as  well  as  present  needs. 
The  idea  would  be  to  have  the  State  commission,  whose  mem- 
bers would  be  appointed  for  long  terms  and  be  of  the  highest 
type,  take  over  existing  sources  of  supply,  and  provide  for 
additions  as  needed,  in  accordance  with  a  definite  plan.  The 
commission  would  sell  the  water  at  wholesale  to  communities 
wanting  the  water.  Rates  would  be  fixed  from  year  to  year, 
and  be  sufficient  to  make  the  department  self-sustaining. 


Tri-State  Water  and  Light  Association  Convention.— The 
Tri-State  Water  and  Light  Association  of  the  Carolinas  and 
Georgia  will  hold  its  12th  annual  convention  at  the  Chamber 
of  Commerce  Building,  Spartanburg.  S.  C,  April  19,  20  and  21. 
W.  F.  Stieglitz,  Columbia,  S.  C,  is  Secretary. 
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A   Page  from  Recent  Waterworks  Reports 


Cost  of  Watermain  Construction   at   Detroit.     During 

traction  torcea  >>i  the  Department  ol  Water 

laid   745, lin    ft    ol   watei    pipe.     The  unit  cost   of 

t !i is  v.  irdlng  to  report  ol  the   Board  ol  Water  Com- 

the  yeai  ending  June  30,  1921,  was  as  tollows: 

, pei  Lin    Fl 

1'ower 


.... 


>l. 


JO.  16 

0  i  i 

1.71 


Total 
1.81 


Cost  of  Installing  Water  Meters  at  Detroit.— The   following 
om  the  last  annual  report  ol  the  Board  ol  Water  Com 
Detroit,   show:    the   cosl    ol    Installing   meters 
during  endii      Jul      SO,   1921 

i Per  Meter \ 

Labor  and 
No  ca  Cost. 

|     .  -I 

9.81  10.68 

1  1.34 

:     I 

113.  fil 
24  12 

Cost  of   Meter  Testing  at   Detroit-  The  69th  annual  report 
of  the   Board   of   Water   Commissioners  of   Detroit  contains 
lowing   table    show  Jul;    i  i    testing   for 

'1  i"     .   in.,  for  tli  ling  June  30,  1921: 

cost 
' '   -i  per  meter. 

$1,486  91  \   .0579 

221  ^ 

.77s7 
2.7100 

7  1294 


1"! 




Cost  of   Repairing    Meters   at   Los   Angeles. — The   following 

the   20th   annual   report    of  the    Board   of   Public 

city  of  Los  Angeles  show  a  I  be 

cost  of  meter  repairing  from  Julj    1.   1920,  to  June  30.    1921, 

.    l»s,  San  Pedro  and  San  Fi  rnando  Valley: 

Avei 


in. 


Material 

Total 

$1,342 

$14,764            1 

12 1 

1,367 

2.99 

21] 

711 

-77 

l^ii 

301 

551 

211 

650 

l :: .  7  r.  7 

22.482 

.it:. 

" 

Income    and     Expenditures    for    Maintenance     of    Hartford, 
Conn..  Waterworks  for  20  Years.      The   67th    annual    report   or 

Water  Comm 

,1.  1921,  coi  ;  llowing  Interesting 

trend  ol   water  consumption 

i    maintenam  nditures    for 

total   ami   per   1,000, gal.   tor    the    20-year 


1916..  ■  116  50       I  .  I 

-917..     11.44       4.175      181 
1918.    11 

191*..    12.10       i  8.1       164.9 

1.69 

'  for  guarding 

The  report   contains  the  following   comments  on   the  above 

i  be  amount  ol  new  building  largely  determim 
expenditures    for  ordlnarj    construction    and    therefore 
cannot  be  compared  rrom  year  to  yeai    except   In  their  rela- 
tion   to    new    building.      Expenditures    for    maintenanci 
however,  bear  a  del  be  amount  of  water  con- 

sumed  and  so  are  Busceptlble  of  comparison  from  year  to 
year  on  the  per  million  I       The  expenditures  per 

million  gallons  ol  water  consumed  nave  steadily  decreased 
during   the   la  il    constantly  increasing 

in  ii  e  "i  materials,  wages,  and  the  many  little-realized  things, 
such  as  the  proved   pavement,   which   make 

waterworks  operations  re  expensive      \    thl     pavem 

extended,  more  and  nun.    main  pipe  ai  ire  ln<  luded 

under  it,  and  when   n  le  work 

is   much    more  expen  Ive   than    form  main   pipes 

under  asphalt  cost  at  least  >\  per  foot  additional,  and  each 
service  In  asphalt  co  $-'<  to  $50  more  than  a  similar  one 
in  macadam  or  dirt  street. 

Cost  of  Water  Main   Construction   at   Hartford.   Conn. — The 

following  table  from  tl i!i  annual  report  of  the  Board  of 

Watei    Commissioners    tor    the    year   ending    March    1.    1921, 

ii    main  pipe  work  during  the  sea- 

oii    1920    compi 1   v. tor  the   previous  five  years: 

i  im         Foot s 


Mali 

Ft.,     i   m  rotal.  Total.  Total.  Total.  Total.  Total. 

3.12       3.C.       2.11        1.68       1  62 
15       1.93 

.  i  i.i" 

9  55b    6  IV       1.92       i 


ings. 

Tin-   greater   pipe    Instal  I      of    1920   over    those   of 

1919  are  due  to  the  Increa  ed  cost  of  labor  and  materials 
during    1920.     I. alum  cosl  increased  about  16  per  cent. 

The  average  cosl  of  cast  iron  pipe  in  1919  was  $58  per  ton 
while  in  1920  it  was  $73.50  pi  r  ton,  an  increase  of  $15.50  or 

ii i    16.8   per  cent      The  effect  of  this  is  realized   when  it 

is  understood  that  the  cost  ol  pipe  and  fittings  is  about  74 
per  cent  of  the  total  cost  of  the  work.  The  cost  for  labor 
and   material  on  the  1920   work 

S         I.I  II  -.      I  I     lllS       |..    I 






ror 

from 

•H.n. 

Per 

6c 

Total    M.  G 

Total 

W.  ■:. 

•—    7 

=    = 

lin  50 

Ik 

Q££ 

1 1  1  50 

jno.om 

r.l  nn 

M 

\ 

i 

They  Pay  Their  Water  Bills  at  Haverhill.  Mass.— Tie 
annual  report  oi  the  Board  ol  Water  I  i  x  Haver- 

hill, Mass..  for  1921,  contains  the  following  statement  by  the 
Water  Etegl  tei 

"For  the  fifth  tin  to  report  thai  everj  water  hill 

■  i t  during  the  yeai   h  is  been  settled  " 

Amounts  of  Water  Wasted  at  Various  Pressures.— A  glance 
ai  the  table  below,  whicl  reprinted  from  the  34th  annual 
report  ol  the  Board  ol  v.  p  i  Commissioners  ol  Dover,  N.  H., 
tor   the   year   1921,   show-    how   easily    water  is   wasted   under 

'.  ;n  inn    pre  -ures  and  a:  a  i  ate  ol  23  ct.  per  l u    ft 

i 

B6  II.- 


<-  5 


—  .  . 


-  t 


19  "7 


'-  3  - 

"_-  £. 

^  - 

167 

$     .38 

1!>S 

i      At 

1  53 

760 

1.71 

2.887 

2^.21 

64  40 

112  16 
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Design  and  Construction  of  Novel  Concrete  Conduit 

Unusual   Design   and   Cement   Gun    Construction   Produce    an    Economical    Low  Head 

Conduit 
Details,  Costs  and  Solutions  of  Special  Problems 


Bj    W.    \    Ki  NIGK, 

i.  r    \\  ..i  icjs,    Tai  oraa,    Wash 


The               Department  of  the  Citj    ol   Tacoma  rum: 
during   thf   summer  ol    192]    tbe   construct! a    built-in- 
place                      i  conduit,  which  on  account  ol     omi    novel 

features    both    in   design   and   construction,    should    prove   of 
interest   to  many  engineers. 

Function    of    Conduit.- The    gunite    conduit    replaced    two 
wooden  pipe  lines  of  various  diameters,  and     •  rves  the  pur- 
pose of  collecting  the  discharge  from  12  wells  strung  ou 
a  distance  of  %  of  a  mile  south  of  Pump  Station  "C,"  li 
at  South   63rd  and  Cedar  Sts.     The  conduit  empties   into   a 
small  reservoir  at  the  pump  station. 

Quantity,    Pumping    and    Measurement. — The    wells    are   of 
the  driven  type,  12  in.  in  diameter  and  cased.     Their  average 
depth  is  about  loo  ft.,  with  a  total  yield  of  approxin 
15.000.000  gal.  per  24  hours,  and  a  maximum  yield 
approximately  1.  .00,000  gal.  per  24  hours. 

Tli.'  water  is  raised  to  the  surface  in  these  wells  by  a  so- 
called  air  lift  system,  air  being  supplied  from  compressors 
located  at  the  pump  station  through  two  pipes  which  are 
connected  to  the  individual  wells.  In  order  to  keep  a  close 
check  on  the  yield  of  this  system  each  individual  well  dis- 
charges into  a  concrete  weir  box  where  most  of  the  air  is 
liberated  and  the  flow  can  be  measured  by  ascertaining  with 
a  hook  gauge  the  head  over  a  sharp  crested  weir.  From  the 
weir  box  the  water  discharges  into  the  conduit  and  is  then 
conveyed  by  gravity  to  the  pump  station  reservoir.  Just  be- 
fore entering  the  reservoir  the  water  passes  through  a  screen 
chamber  and  then  over  a  sand  box  where  slight  accumula- 
tions of  sand  are  removed  and  the  water  is  also  chlorinated. 
From  the  reservoir  the  water  is  pumped  into  the  high  service 
district  of  the  distribution  system.  All  compressors  and  the 
pumps  at  this  station  are  electrically  operated  and  the  sta- 
tion can  be  started  at  a  moment's  notice. 

Character  of  Service  and  Operation. — This  air  lift  well  sys- 
tem is  maintained  by  the  Tacoma  Water  Department  as  an 
auxiliary  supply,  and  is  called  upon  in  case  of  a  break  in. 
or  necessry  repairs  to,  the  Green  River  gravity  system  which 
constitutes  the  principal  source  of  supply  for  the  City  of 
Tacoma.  It  may  also  be  used  for  the  purpose  of  boostii 
pressure  from  the  gravity  supply  system  during  the  sprinkling 
tmmer  months  when  the  rate  of  demand  at 
times  equals  or  exceeds  the  rate  of  supply. 

The  intermittent  operation  of  the  well  system,  coupled  with 
the  fact  that  the  pressure  on  the  collecting  pipe  at  any  point 
does  not  exceed  10  lb.  per  sq.  in.,  contributed  greatly  to  the 
rapid  decay  of  the  old  wooden  collecting  pipes,  some  parts 
of  which  were  entirely  decayed  after  about  in  year  of 
servir. 

Design  for  Economical  Construction. — The  peculiar  horse- 
shoe cross-section  of  the  conduit  was  decided  upon  with  the 
idea  of  facilitating  the  application  of  gunite.  permittn 
cement  gun  nozzleman  to  do  all  shooting  from  alongside 
the  ditch,  with  the  advantage  of  eliminating  the  use  of  in- 
side forms.  Two  sections  were  designed,  the  smaller  section 
measuring  24  in.  and  the  larger  section  measuring  36  in. 
across  underneath  the  top  slab.  The  semi-circular  pa 
the  small  section  is  made  of  gunite  2y2  in.  thick,  and  in- 
creased to  4%  in.  in  thickness  at  the  construction  joints  below 
the  pre-cast  slab.  The  bottom  part  of  the  section  is  rein- 
forced with  a  single  layer  of  American  Steel  &  Wire  Com- 
pany's triangular  mesh.  Xo.  093  being  used  where  the  head 
was  6  ft.  or  less  and  No.  126  mesh  being  used  where  the 
head  was  from  six  to  23  ft.  The  gauge  of  the  wire  mesh 
around  the  corners  was  also  varied  in  a  similar  way  accord- 
ing to  the  head. 

The  precast  slab  across  the  top  was  made  of  1:3  cement 
mortar  li2  in.  thick  and  reinforced  with  No.  126  mesh.  These 
slabs  were  intended  to  carry  only  the  weight  of  gunite  during 
construction  or  the  weight  of  a  man  temporarily  while  the 
top  steel  was  being  assembled  and  the  top  cover  of  gunite  was 


being  shot  in  place.  The  top  slab  was  made  of  gunite  :'- 
in.  thick,  and  was  designed  independent!;  ol  the  pre-cast  slab. 
a  maximum  backfill  of  ."»  ft.  was  as  umed,  ami  various  heads 
up  to  23  ft.  were  provided  for  in  the  reinforcement,  water 
and  backfill  stresses  being  considered  to  act  independently. 
The  lower  part  of  the  top  slab  was  reinforced  with  No.  093 
mesh,  and  the  upper  part  was  reinforced  with  the  same 
gauge  mesh  for  heads  of  6  ft.  or  less  and  with  No.  153  mesh 
for  heads  from  6  to  23  ft. 

No  expansion  joints  are  provided,  and  temperature  stresses 
are   taken   care   of   by   seven    %    in.    round,   corrugated    bars 

spaced  equidistant  around  the  periphery  and  lapped  15  in. 
at   splices.     All  gunite  used  in  both  small  and  large  sections 

vs     of   1  :  ■'•   mix.   cement   and    sand   respectively  measured   in 


Fkj.   1— Section  and   Forms  of 


•  Inch  Conduit. 


loose  volume.  The  gunite  in  the  weir  boxes  and  the  pipe 
connections  was  of  similar  mix. 

The  semi-circular  part  of  the  large  section  of  the  conduit 
is  made  of  gunite  3  in.  thick  and  increased  5  in.  in  thickness 
at  the  construction  joints  under  the  pre-cast  slab.  This  part 
is  reinforced  with  a  single  layer  of  No.  093  mesh  and  an 
additional  layer  of  No.  153  mesh  is  provided  around  the 
corners.  The  maximum  head  on  this  section  is  assumed  at 
6  ft.  The  pre-cast  slabs  for  this  conduit  were  made  of  the 
same  mix  and  thickness  and  reinforced  with  the  same  gauge 
wire  mesh  as  those  for  the  smaller  conduit.  The  top  slab 
was  made  of  gunite  3  in.  thick  and  was  designed  for  a  maxi- 
mum backfill  of  5  ft.,  and  for  heads  as  stated  before.  The 
reinforcement  consisted  of  two  layers  of  No.  153  mesh  placed 
near  the  top  and  bottom.  The  temperature  stresses  in  this 
section  are  provided  for  by  eleven  %  in.  round,  corrugated 
bars  spaced  equidistant  around  the  section. 

Unit  Stresses. — The  maximum  unit  stress  for  gunite  in  the 
top  slab  of  the  two  sections  was  limited  to  900  lb.  per  sq.  in. 
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The  maximum  unit   siicss  tor  the  wire  mesh   was    Bxed  a( 

16, lb.  per  sq.  in.     However,  the  exact])    economic  gauge 

of  wire  mesh   could   not   be  obtained   and   the   next    l 

a   rein- 
en(   around   the  corners   the   top  and   bottom   sections 
i"  acl   monolithlcally. 

Lamp    Holes   and    Manholes.     The   entire   lino    south   of   the 

pump  Btation  is  provided  with  alternati   lamp  boles  and  man- 
holes at  all  points  of  change  In  grade  or  alignment  at  In  Bewei 
sn  that  any  Bection  ol  the  line  ma]   i"-  readil] 
•..(i.    With  the  exci  ne  lamp  hole  which  was 

made  of  wrought  Iron  pipe,  all  ol  these  haw  been  built  ot 
gnnite  :'.  In.  thick  reinforced  with  wire  mesh.  Bhot  from  the 
outside  ov(  r  collapsible  tonus  or  ovi  t  thin  Bheel  metal  forms 
left  In  piac.  All  lamp  or  manholes  are  provided  with  gal- 
vanised iron  I 

Weir  Boxes.    The  original  plan  was  to  build  all  weir  boxe 
of  expanded  metal  to  be  plastered  inside  and  oul  with  cement 


B=*B 
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Fig.  2— Plan,   Section   and    Details  of   Weir   Box. 

mortar,  but  this  Idea  ws  d  after  the  first  weir  box 

had  been  built  in  this  fashion.  It  was  found  that  they  could 
be  built  of  gunite  at  a  greatly  reduced  cost  in  a  manner 
similar  to  that  of  the  lamp  or  manholes,  that  is.  over  an 
collapsible  form.  On  its  inside  each  weir  box  is  pro- 
vided With  a  galvanized  Bheel  iron  baffle  plate  and  a  sharp 
Bd  weir.  In  the  top  slab  i-  li-ti  a  11'  in.  diameter  open- 
ing covered  with  a  galvanized  sheet  iron  hood  to  provide  the 

necessarv    outlet   for  air. 

All  outside  exposed  surfaces  of  gunite  were  left  in  their 
natural  finish  without  troweling  or  brushing.  They  r, 
very  much  the  so-called  Btlpple  finish  and  have  a  pleasing  ap- 
dI  work.  Two  weir  boxes  were  built 
18  ft.  above  the  ground  on  elevated  concrete  platforms  In 
order  •    weir  crests  above  the  elevation  of  the 

hydraulic  gradient  at  these  point.. 

Construction    Plant.     The   cement    tun    outfit    for    this   work 

ted  of  one  N  1  and  one  \  ■_  cement   gun,     The  mixing 

plant  consist'  and-diier,  one  4  cu,  ft.  gasoline  con 

mixer  and  one  rotating  screen,  all  housed   undl  I 

G  •  t.t    guns    were    nio\  ed    along   as    tbl 

work   was    pi  t   400  ft.  of  ]    pe    was 

built  from  o  I   the  cement  gun,  thus  limiting  thi 

t  ion 


work  began  the  mixing  plant  ivas  Bel  up  near  the  pump 
Btation,  and  after  about  hah  ot  the  pipe  line  had  been  built 

it   was  moved  to  ;i  convenient   place  along  the  line  about    1. I 

ft.   from    the   south   end.      In    tin-    manner   all   gunite    material 

tor  the  entire  line  was  distributed  from  only  two  mixing 
stations     a  l-ton  Ford  truck  to  ol  the  hauling  o 

material  to  the  cement   guns,  handling  about  l   cu    yd    per 

trip. 

Improvised    Bending    Equipment.      The   cutting   and    bending 

"i  the  wire  mesh  was  all  done  near  the  pump  Btation,  a 
homemade  roll  consisting  ol  three  >'■  In.  diameter  wooden 
rollers  covered  with  old  upported  on  a  wooden 

frame  in  the  shape  of  an  equilateral  triangle  being  u  ed  tor 
the  bending  or  straightening  out,  The  upper  roll  was  pro- 
\  Ided  w  Ith  a  crank  on  one  end  and  could  be  raised  or  lowered 
in  a  slot  so  that  bv    passing   the  mesh   between  these  three 


r 


Fig    3 — Forms  and   Re.nforcement  for  Lower  Section  of  36. In.  Con- 
duit in   Place,  Showing   Braces  and   Molding  Strips  Which 
Form    the-    Construction    Joints. 

rolls  it  could  be  given  the  desired  curvature  required  for  the 
lower  section  of  th<  mite  flumes,  or  could  be  straightened 
out  as  was  necessarv  for  the  slab  reinforcement  of  the  upper 
sections.      This    de  found    to    be    very    simple    and 

effective  in  taking  can  ol  the  bending  of  all  the  wire  mesh 
used. 

Sand  Drier  and  Screw.     The  sand  drier  consisted  of  a  6  ft. 
by  10  ft.  plate  of  8   16  tee!     upported  over  a  firebox  and 

circulating  duct  built  Into  the  ground  and  lined  with  1:3:6 
concrete,  connecting  with  b  10  In,  sheet  iron  stack  For  fuel, 
slabwood  In  4  ft.  lengths    ■  ■<    >■  ed.    The  ted  of 

a  l'  ft.  diameter  by  6  n    long  steel  wire  drum  having  four 
niesius  to  the  inch.    Tins  drum  was  fastened  to  a  central 
shaft    by    three    spider    frames    with    the    shaft    supported    ln| 
boxing    resting    on    a    wooden     frame    in    a    slightly     inclined 

i<o  Itlon.     The  screen   wat    operated   by   a  small   gas 
connected  through  a  bell  and  bevel  gear, 

Air  Drier.     \    verj    di    Irabli    i f  equipment    for   the 

cement  gun  work  on   thl      ob  tn  air  drier      On   some 

oub  work  on  which  a  cement  gun  was  used  bv  the  v7atei 

Department    during    extremelj     wet     weather    considerable 
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trouble  developed  on  account  of  the  moist  air  condensing  In 
the  air  line  leading  to  the  gun.    This  i  ondi 
get   m  the  bottom  <>f  the  gun  and  mix  with  the  cement  and 
sand  and  choke  up  the  teed  wheel   aboul         r;    ball  hour, 
thereby,  of  course,  Btopplng  all  operations      i        writer  came 
to   Hi.'  .  onclusion    thai    U   dry   air   could 
should   be   no    trouble    In    operating    the    gup    regardless   of 
weather  conditions      an  air  drier  was  therefore  made,  con- 
._■    ,,i    a    welded   tank   ol   No.    12   gaugi      tee!    20    in    In 
diameter,  and  4  ft.  6  In   long,  provided  at  eai  i    md  wltl 
in  pipe  connection  and  at  the  bottom  with  a  <  ■  in   pil  coch  and 
with  a  hand  bole  on  top.    Near  the  outlet  end  before  il  was 
welded  a  W   in.  mesh  screen  of  galvanized  iron  was  Inserted. 
This  lank  was  filled  through   the  band  bole  with  coke,  and 


i  nil  (ui  with  iin'  id. -a  ol  keeping  as  much  ol  the  old  collecting 

System    intact    as    was    possible    Without    seriousU     interfering 

with  the  progress  of  the  new   work      The   ra I    progress 

was,  Df  course,  limited  by  the  output  capacity  of  the  two 
-.'incut  Rims  which  the  Water  Department  had  available  for 
this  work  Alter  the  work  had  been  gotten  fully  under  waj 
the  various  operations  were    an  olloWs 

a  crew  ol  20  t"  40  men  mad.'  the  i  xcavation,  trimming  the 
ditch  to  the  required  grade  and  line,  and  put  in  temporary 
crossings  at  all  street  intersections.  Then  followed  a  gun;; 
of  from  2  to  5  men  with  a  carpenter  setting  the  forms  in 
the  ditch  to  grade.  The  forms  consisted  of  girths  spaced  4 
ft  ..liters,  sawed  out  of  2  in.  by  ti  in.  lumber,  lined  with  1  in. 
rough   boards   of  a   cheap   grade   conforming   to   the   outside 


Fig.  4 — View  Showing   Manner  of  Shooting  Gunite  In   Lower  Section 

of    36-ln.    Conduit.     (Note    Man    With    Air    Nozzle    Working 

Immediately  Ahead   of  Cement  Gun   Nozzle  Operator). 

then  cut  into  the  air  feed  line  near  the  cement  sun  with 
the  pit-cock  left  slightly  open  for  the  purpose  of  blowing  off 
the  accumulating  water.  No  trouble  has  been  experienced 
by  the  writer  in  using  the  cement  gun  in  wet  weather 
wherever  this  simple  device  was  used.  The  reduction  in  air 
pressure  on  account  of  the  use  of  the  air  drier  was  negligible. 

All  precast  slabs  were  made  in  a  temporary  shed  alongside 
the  pumping  plant  on  flat  forms  which  were  piled  on  top  ol 
each  other,  leaving  about  1  in.  of  space  between  forms.  This 
permitted  the  sprinkling  of  the  slabs  while  they  were  curing 
and  also  provided  for  air  circulation. 

Organization  and  Method  of  Construction. — In  constructing 
the  gunite  conduit  it  was  desirable  that  as  many  operations 
as  possible  should  be  carried  on  simultaneously  so  as  to 
reduce  to  a  minimum  the  time  during  which  the  emergency 
water  supply  from  Pump  Station  "C"  would  not  be  available 
for  the  city's  use.     The  work  was  therefore  laid  out  and  car- 


.   5 — Curve    in   24. In.   Conduit    Sh 
With   Pre-cast  Slabs  in   I 
ized   So   That    On 


Lower   Section    Complete 
(All  Curves  Were  Standard- 
plate   Could    Be   Used 


form  of  the  lower  section  of  the  conduit.  The  girths  were 
all  cut  at  the  sawmill  according  to  templates  furnished,  and 
the  forms  were  assembled  alongside  the  ditch  in  12  or  16  ft. 
lengths.  In  setting  the  forms  to  mad.-  and  line  in  the  ditch 
the  lower  quadrant  of  the  circular  section  was  left  open  as 
shown  in  Fig.  I.  the  backfill  of  the  quadrant  was  tamped 
to  the  required  curvature,  and  the  side  were  then  backfilled 
to  the  top  of  the  forms.  A  crew  of  two  or  three  men  would 
then  follow  to  place  and  wire  the  reinforcement  for  the 
circular  section  of  the  conduit.  Alter  the  steel  was  assembled 
the  wire  mesh  was  raised  the  proper  distance  above  the  bot- 
tom of  the  forms  and  fastened  with  nails  to  the  molding 
strips  which  formed  the  construction  joints.  Following  came 
the  cement  gun  crew  consisting  of  one  nozzleman,  one  helper 
assisting  in  moving  of  the  material   hose,   one  man  with  air 
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ii.    ci  ment  gun  operator,  and  one  helper  feeding  the 

- 

Rebounding    Sand   and    Cleaning    Problems.      1'or    the    BhOOt- 

Mi.   tower  section,  the  N-2  gun  was  used.    When  Btart 
'his  work  conslderahli    difficult]  developed  in  d 
the  rebounding  sand  which  would  accumulate  In  the 

Bd  Of  the   gUl  ind   was   hard 

ove  from  between  the  wire  mesb  reinforcement,    The 

man   would  Btand  alongside  I  ad   Bhool   the 

pposite   linn  and   then,  changing    his   position    to   the 

il  the  ditch  to  complete  t  ii« ■  half-circle,  be  would 

•  iiiu.ii   rebound  accumulated  that   it   was  practically 

.ni    sand   pockets   in    the   gunlte.      \u.-r 

experlmenting  the  following  method  ol  overcoming  tins 

difficulty  waa  evolved      A     ,    in,  an-  bose  was  connected  to 

;        .mil  tittcd  at  the  end  with  a  4  it.  length  of 

hammered  out   i  i  ad    to  a    Bat 

d   tip.     This  air  nozzle   was  operated   by   a   laborer  ini- 

al   gun  nozzle,  alv. 

i  .lean  and  ready  ior  the  application  ol  the 

The  accumulating  sand  was  disposed  of  b>   blowing 


the  space  below  the  open  part  of  the  form  where  the  ground 

had  purposely  been  kept  som.  rade      ^bout  every 

16    ft.   of    conduit   the   cement   gun  nozzleman    would 

with  air  and  water  only,  thoroughly  clean- 

ad    wetting   the   forms   ahead    and    also  leveling  off   the 

i  he  reinforcement.     In  order  to  make   the 

aozzleman's    helper 
along  a  light  wooden  template  conforming  I 
onduit.     With   this  he   would 
check  on   Hi.-   work  as   ii   progressed,  always   pointing 
the  nozzlen 
lini . 
Finishing  and   Curing.     Following   the   cement    gun   crew 
would  be  a  .  .in.  ni   Bnisher  and  his  helper,     in  order  that 

the  nozzlemai 
..n    a    light 

ind  the   finishing  crew,     in   this  wa 

h  Dying  sand  which  othi 

on  windy  days.    The  finishing 

all  surplus  material  bad 

l.y    the   helper.     A   very 

in  this  way.  equal   in   every 

■   pipe     This  surface  was  kept 


wel  from  tour  to  si\  days  and  protected  against  the  rays  of 
the  sun  on  bright  day.-,  by  portable  canvas  awnings  mounted 
on  4  ft.  by  12  ft.  wooden  names.  However,  during  the  con- 
itructlon  work  considerable  rainy  weather  was  encountered 
which,  a  com  b,  was  conducive  to  producing  a  well  cured 
concrete.  The  cement  gun  >  :i  •  w  and  finishing  crew  would 
on  such  days  work  under  canvas  covers  stretched  over  light 
portable  wooden  trami  and  practically  no  time  ■  lost  on 
this  account  except  on  a  ••  ■  days  when  the  rain  was  ac- 
companled  by  high    . 

Following  the  Qnl  row  of  from  two  to  four 

men  who  removed  thi  moldl  strips  which  formed  the 
construction  Joints  ami  then  laid  thi    ,    e-casl  These 

slabs  were  laid   with  the  troweled    >lde  downward   in 
cement  mortal  rise  with  a  mortar 

at!  it  Mi"  conduit  being  struck  off. 

Top  Construction.    Th(    pre-cast     labs  if   1:3 

mix.  using  in  the  sand  all  of  the  rejected  mat.  rial  from  the 
rotating  Bcreen,  Thej  wen  ist  i>>  a  crew  of  three  men  in 
a  temporary  construction  shed  on  three  sets  of  oiled  wooden 
platforms  provided  with  collapsible  ham.-.  Tie-  wire  mesh 
i'  inforcement  for  the  ■  labs  was  held  in  place  by  a  couple 
of  No    h;  put;.'  wires  drawn  through  tin-  ii  upper 

si.i.'  ni  all  slabs  was  steel  troweled  as  tin  de  that 

was   to  come  in  contact    with   the  water   when   the  conduit 

ompleted.  Usually  the  slabs  were  kept  wet  for  about 
eight  days,  but  often  the]  ■  i  taken  out  of  the  frames 
tin.,    .lays  afti  ured  and  then  stored,  standing 

on     nil  until  used,     inn  iderable  trim  ge  was 

anticipated   bj    the  men   who  were  to  handle  the  slabs,  but 

ivei     ii  \  i  a      i  ere   broken   on   the   entire 

job,  and  some  of  tins,  broke  because  they  were  dumped  off 
the   truck  that  distributed   them   along   the  line. 

Following  the  ,.  labs  came  another  small 

placing  Hi.'  n  il   tor  the  top  slab.    Then  came 

the  gunite  crew    si ting    thi    tup  slab  in   place  with  an  N-l 

gun  which  has  about  25  pei  i  ent  less  capacity  than  the  N-2 
gun,  which  was  used  in  shooting  the  bottom.  In  shooting 
the  top,  great  care  was  in   thoroughly  wetting  the 

precast  slabs  and  in  making  a  perfect  junction  with  the 
old  gunite  at  the  corners  Finally  came  the  finisher  and 
his  helper,  troweling  off  the   to))  and   taking  proper  care  in 

I  ■         :  I  '!■ 

The  distribution  of  all  the  material  for  the  cement  gun, 
the  forms,  the  reinfori  ing  teel,  the  precast  -labs,  etc.,  was 
handled  by  a  1-ton  truck  On  days  when  it  did  not  rain 
the  green  gunite  w  i   by  sprinkling  and  after  3  or 

I  days  was  covered  with  about  3  In.  of  the  excavated  ma- 
terial which  was  then  kept   wet  for  another  4  or  o  days. 

In  joining  the  gunite  work  of  consecutive  days,  the  only 
precaution  taken  was  that  of  running  the  end  of  a  day's 
gunite  work  out  to  a  feather  edge  over  a  distance  of  about 

12  in.    The  next  mor g   the  n.w    work  ifter  a 

thorough  cleaning  and  wetting  of  the  end  of  the  preceding 
day's    work   and    not    the    slightest    leakagi  red   at 

any  of  these  joints 

Final  Tests. — A  working   test   was  made  -  fter  the 

last  gunite  was  shot  and  onl>   a  few  small  damp 
be  detected  at  the  con  truction  joints  [mmed    I  low  the 

Hat   Blabs.     The  v.  ii    standing  in  the  gunite  pipe 

tor  a  number  of  days,  but   no  appreciable  lowering  o 
level  could  be  detect..!   in   the  standpipes,  and   the 
was  then  put  in  Bervice     The  conduit  has  now  been  in  oper- 
ation  through  one  summer  and   one   winter  season,  and  has 
withstood   temperature   changes   from   90  degrees   to   10  de- 
grees above  zero  without   the  slightest  sign  of  dl 

Cost  Data. — The  total  cost   of  thi  n   work   was 

:  3i,  distrimi  •    different   lt<  -  own  in 

the  following  statements: 

I     ..i   ui-in    .  ■■•,     lit  nt  $3.61  per 

backflllln   .  nd    dismantlli 

old    ■ 
I ,:   .., .  'i. Is.  3  Htandpl 

ell 

VSS4.B 

■I"  ns. 

T..I   . 

The   wages   paid   for   I  perintendent 

as  follows: 

•'Hi 

i   old  pipe 
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Cement  pun   ni 

Cement  g  un  op<  ratoi  b,  pei  daj  

.  r  us., i  in  i. .,.  kl  lling 


The  labor  cost  of  the  cement  gun  organization  using 
N-l  and  one  N-2  gun  was  as  follows: 


nozzle  opi  H4  00 

nozzle  op<  ratore'  helpi  i  pel   da>    . 

air  nozzli  nay 

content  pun  opi 

cement  gun  operators'  helpi  i 

cement  Hi  1  t .00 

:iir,  r  protection  ol   pipe  at    M  '■'■  per  daj  ii.lt, 

-.  mixing  and  '  •  i  i  pet 


i  til  >er  day.. 

.  ■   .  ich  i  ■■,   time)  at  Si., 

•    -     pei         


pei    viiour  day (118.12 

Daily  quantities  of  gunite  and  labor  costs  per  cu.  yd.  p 

were  as  follows: 

Gunii,  •   hour  daj [2 

per  cu.  yd 

Output  of  N-l  sun  ,  qua  led       I  i  i  u    ■•■'■■     pei 
Output  i  t  N-2  gun  equal, ',1  6.81  ,  u.  yds.  per  day. 

The   prices   paid   for   material  delivered   at   the   site   were 
as  follows: 

Cement   $  3.20  per  bbl. 

Sand  or  gravel 

Lumber,  average  price 1S.00  per  M.  ft.  BM 

Reinforcing' steel,  %-in.  corrugated  bars 

A    9    &    W.  Co.   triangular  mesh — 

4.77  pei 

No.    126 

No.    093 3.22  per  1""  sq.  ft. 

The  itemized  cost  per  lineal  ft.  of  the  36  in.  conduit  was 
as  follows: 

.hi.  ft. 

Forms    (.labor  and    material) • 


Cement 

San  ,1    

Reinforcement    i  material    only) 

Reinforcement    i  labor  ol   cutting,    bending  and  placing). 

Gunite   (labor  of  placing  I 

Pre-cas:  slabs  (Iaboi   and   material) 

Depre,  of   air.    etc 


Cost  per  lin     ft.   in   place   

Cost  of  excavation,  reclaii  old  pipe  and  backfilling..       1.70 

per  lin.  ft $7.07 

The  itemized  cost  per  lineal  ft.  of  the  24  in.  conduit  was  as 
follows: 

Per  lin.  ft 

Forms  (labor  and  material' 

Sand   

Cement    : 

Reinforcement    (material   only  i 58 

Re.nforcemer.t  (labor  of  cutting,  bending  and  placing)....  i 

Gunite  I  labor  of  placing) 

Pre-cast  slabs   (labor  and  material) 

air.  etc 

n     ft.  in  place 

Cost  of  excavation,  l-  :,i  i md   backflllii 


Total    cost    per    lin     ft   .  . 
lining  low 


• 

nf  air. 

Depreciation  Air  Cost,  and  Gunite  Quantities.— The  cross- 
sectional  area  of  the  gunite  in  each  conduit  as  built  was 
approximately  10  per  cent  greater  than  the  neat  dimensions 
shown  on  the  plan  and  was  so  taken  in  analyzing  the  cost  of 
the  gunite  work.  The  principal  reason  for  this  was  the  open 
section  of  the  forms  at  the  bottom  and  also  a  slight  increase 
in  the  thickness  of  the  top  slab.  In  considering  depreciation 
a  plant  investment  of  {4,400  was  charged  against  this  work 
for  a  period  of  3  months  on  the  basis  of  3  per  cent  per 
month.  This  gives  a  total  depreciation  of  $396.  In  this 
equipment  were  included  one  N-l  and  one  N-2  cement  gun 
with  all  the  necessary  material,  air  and  water  hose,  one  4 
cu.  ft.  gasoline  mixer,  one  air-dryer,  one  sand  dryer,  one 
rotating  screen  with  gas  engine,  canvas  covers  and  awnings, 
fittings  and  necessary  piping.  The  cost  of  air  for  the  cement 
gun  on  this  work  was  very  small  as  it  was  furnished  from 
one  of  the  electrically-driven  compressors  at  the  pump  sta- 
tion. The  station  attendant  operating  the  compressor  was 
not  charged  to  this  work,  and  power  was  furnished  by  the 
Municipal  Light  and  Power  Plant  at  V2c  per  KWH. 

Conclusions. — From  close  observation  during  the  progress 
of  the  work  the  writer  draws  the  following  conclusions: 

The  section  of  the  conduit  as  built  was  very  well  adapted 
for  doing  effective  gunite  work,  the  nozzleman  always  work- 
ing to  good  advantage  regardless  of  what  part  of  the  conduit 
he  was  working  on.  It  is  important  in  planning  gunite  work 
that  the  nozzleman  be  enabled  to  shoot  at  the  surfaces  as 
near  as  possible  with  the  material  nozzle  in  a  position  not 


less  than  '.:  ft.  away  from  the  forms,  pointing  the  nozzle  at 
a   right   angle  to  the   surface.     Winn,  on  account   ol    ob 
lions,  the  nozzleman  is  compelled  to  shoot  at  a  surface 
angle   considerably   less   than   90  degrees,   the  result  will   be 
that    the    gunite    will    build    up    In    riffles    like    a    sandy    river 
bottom    and    will    not    he   dense   and    uniform.      An    ,\, 
amount   of  rebound   will  also  result   from   this  cause. 

al   ■•    de   nab!.'    to    have,    if    possible,    only    one    layer    ol 
forcement  In  a  gunite  section.     This  will  tend  to  keep  the 
rebound  down  to  a  minimum.    For  reinforcement   win 

iferable  to  bars,     if  liars  must   be  used  then  the  bars 
should    be   round.     Square  bars  havi  .    to  produce 

a  small  triangular  area  of  rebound  material  hack  of  the  bars 
which   contains   practically   no   cement   at  all. 

A  larger  section  of  conduit  could  be  built  at  considerably 
less  cost  per  cubic  yard  of  gunite   in   place   because   there 


• 
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Fig.  7— Detail   of   Sand    Drier. 

would  be  less  loss  in  time  in  moving  equipment  along  the 
ditch  and  a  smaller  proportion  of  loss  of  material,  and  also 
less  expense  in  finishing.  The  principal  advantage  in  con- 
structing the  conduit  section  as  designed  was  that  all  crews 
could  work  simultaneously  without  interfering  with  each 
other,-  and  that  there  was  no  delay  on  account  of  removing 
inside  forms  which  is  one  of  the  troublesome  features  attend- 
ing the  building  of  a  continuous  concrete  pipe  of  small  cross- 
sectional  area.  For  obvious  reasons  this  type  of  conduit 
would  not  be  economical  for  heavy  pressures,  for  which  con- 
dition a  circular  section  should  be  adopted. 

The  best  results  in  guniting  were  always  obtained  when 
the  material  hose  was  100  ft.  or  less  in  length;  250  ft.  was 
the  maximum  length  of  hose  used  on  the  job.  Air  pressure 
should  preferably  be  not  less  than  35  lb.  per  sq.  in.  at  the 
gun,  and  water  pressure  should  be  greater  than  the  air  pres- 
sure by  at  least  10  lb.  per  sq.  in.  A  mistake  is  often  made 
in  gunite  work  in  using  sand  that  is  absolutely  dry.  The 
writer  finds  that  the  best  results  can  be  obtained  when  sand 
retains  from  5  to  7  per  cent  moisture.  The  tendency  to 
dust  at  the  nozzle  will  then  be  eliminated  and  the  material 
will  not  separate  even  in  a  long  line  of  hose.  The  air.  how- 
ever, must  be  delivered  dry  to  the  gun. 

For    purposes    of    comparison    with    circular    conduit 
equivalent  diameter  of  the  36-in.  gunite  conduit  was  assumed 
at  31   in.,   and   the   equivalent   diameter   of  the   24-in.  gunite 
conduit  at  20  in. 

The  method  of  constructing  gunite  pipe  as  developed  on 
this  work  is  not  patented,  nor  does  the  writer  intend  to  take 
out  a  patent  thereon.  The  work  was  designed  and  constructed 
by  force  account  under  the  personal  supervision  of  the  writer, 
with  O.  A.  Abelson  as  designing  engineer  and  J.  A.  Kuehl 
and  R.  Bergerson  as  constructing  engineers. 


Kansas  City  Votes  $11,000,000  Bond  Issue  for  Waterworks. 
At  an  election  April  4  citizens  of  Kansas  City,  Mo.,  author- 
ized an  $11,000,000  bond  issue  for  the  construction  of  new 
waterworks.  The  present  water  supply  plant  of  Kansas  City 
was  built  36  years  ago  when  the  city  had  a  population  of 
less  than  150.000.     It  has  been  enlarged  from  time  to  time. 
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Pump  Performance  and   Costs   of 
Large  Drainage   Pumping  Plant 

The  Boundarj    Drainage  Pumping  Plan!  of  the  Yuma  ProJ- 
s    Reclamation  ocated  practlcallj 

cm  the  boundary  line  between  the  United  States  and  Mexico, 
about  26  miles  Bouth  of  Yuma,  Aria  .  and  1  mile  east  of  the 
Colorado  River,  it  is  used  for  pumping  drainage  water  from 
approximately  50.000  acres  of  land      In  the   February    issue 

Reclamation  Record,  D  C    McConaughy,  office  eni 
of  the  Yimi:i  Project,  gi\e>.  th<  aformation  on  the 

operation  of  this  plan)  for  the  fiscal  year  1921. 

The    pumping    station    building    is    .<    reinforced    concrete 

structure  built  Into  the  levee,  with  door  and  window  sills  7% 

rating  Boor    arranged  so  that  In  case  of  a 

break  in  the  levee,  with  consequent  flooding  of  the  low  lands, 

the  plant  can  still  be  operated 

The    present    pumping    equipment    consists    ol    one 

Wood  screw   pump,  with  a  normal  capacitj   ol   .,: 

ond-feet,  direct  connected  to  s  100-H.  P.  Pairbanks-Moi  e  & 
Co.  type  v  semi-Diesel  oil  engine,  and  on,'  30-in  Wood  screw 
pump,  normal  capacitj  30  Becond-feet,  direct  connected  to  a 
:.',  ii  iv  oil  engine.  Auxiliary  equipment  is  provided  for 
starting  tin-   main   units  me   air   compressor, 

one  l"j  m    centrifugal   pump,  and   two   vacuum   pumps,  con- 
!  bj   licit  -  to  a  line  Bhafl  driven  bj  a  10-H.  P.  oil  engine. 

California  crude  oil,  from  24  to  27  Baume,  is  used  for  fuel, 
and    is   stored    m    a    20-000-gal.    horizontal    cylindrical    tank. 
Fuel  consumption  Is  determined  Fr<  m  tables  giving  thi 
pitted  capacity  ol  the  tank  tor  each  Inch  In  depth. 

Foundations  and  discharge  pipes  arc  already  constructed 
for  two  additional  pumping  units,  similar  to  the  larger  unit 

now  installed,  and  conduits  for  v.  ires  are  installed  to  permit 
connection  of  electric  motors  to  all  pumps  whenever  electrli 
power  is  available. 

Water  Hows  by  gravity  through  drain  canals  to  (he  pumping 
station,  and  is  there  pumped  through  the  levee  and  dis- 
charged into  the  Colorado  Rivet  ["he  lift  is  variable,  both 
OH    account    of   the    variation    in    the    elevation    of    river    water 

at    'lift,  rent    seasons    oi    the   year   and    because   the 
pump-  ed  normallj    but  a  portion  of  each  day,  al 

lowing  the  water  to  accumulate  in  the  forebay. 

The  discharge  measurements  are  based  on  the  capacity 
of  the  pump-  as  determined  bj  a  test  run.  The  lift  al 
beginning  and  at  the  end  of  the  day's  run  is  measured  and 
the  mean  of  the  two  measurements  is  taken  as  the  average 
lift;  with  this  Mdure  given,  the  discharge  is  taken  from  the 
curve  Although  thi  method  does  not  give  the  true  average 
head,  since  the  Btoi  train   increases   with 

the  depth,  it  is  found  that  the  error  is  negligible  so  far  as 
the  dischargi  rned  on  account  of  the  flatness  of  the 

pump  capacity  cut  ve. 

During  the  past  year  the  plant  was  operated  on  an  aver- 
age of  8%  hour-  a  day,  with  an  average  lift  of  9.26  ft,  except 
tor  about  6  weeks  during  Hood  stage  of  the  Colorado  River, 
when  the  he;ld  reached  a  maximum  of  14.:;  ft.  and  the  maxi- 
mum daily  operation   was  22  hours. 

force  employed  has  consisted  of  a  chief  operator  and 

ator,  with  a  third  during  the  period  of  high 

\      mall   amount   of  common    labor    was    used    at    times 

In  clearing   trash   racks   and    similar   work.      No   additions   to 

the    force    will    be    required    when    the    additional    units    are 

installed. 

The  total  cost  of  the  present  plan!  was  $130,750,  and  the 
estimati  the   two   additional    motor-driven    pumps, 

with   transmission    line,  transformers,   etc.,   is    (56,600,     The 
mance    and    operating    costs    roi    the    fiscal    year    L921 
an-  given  in  the  accompanying  tables.     Supplies  are  carried 
dil  •  c  t   to  the   plant   and  the  cosl   ol  Ion   al 

regular  rates    is    included    in    the   'abb 

operation  are  net  and  do  not  Include  overhead,  interest,  sink- 
ing fund  or  deprei 
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Operating     Results     of     Experimental     Activated 
Sludge   Plant  at    Indianapolis 
During   192]   the   Board   of   -  nets  of  the 

Sanit.il>     District    Of    Indianapolis.    Incl  .    of    which    Charles    H. 

Muni    is    consuim,:  constructed    a    demonstration 

activated  sludge  plant   and  operated  it   In  connection   with  a 
screen  and  .-••  plant  to  determine  the  effectiveness 

of  this   method   ol    trei  Indianapolis    sewage.    The 

operating  results  ol  thi    plant  are  given  in  a  recently  issued 

n  i  ol  the  Board,  from  which  the  notes  follow  ing  are  taken: 

Three  complete   units    were   Installed   with   aeration    tanks 

11'    ft.    in    diameter    and    !■"•    fl     high    and    Bottling    tanks    about 

II     the     capacitj      Ol     the     aerators.      Air     was     supplied 

through  tiltros  tile  in  the  usual  manner,  provision  being  made 
for  tillering  and  scrubbing  the  air  to  eliminate  dust  or  parti- 

i  lee   Ol    "il   which   would   tend   to  clog  the   tiltros   plates. 

Al  this  plant  both  si  reened  and  unscreened  sewage  Is 
available.  In  the  :ir -t  run  of  ten  weeks,  two  units  were  oper- 
ated under  identical  conditions  to  show  comparative  results 
wiih  and  without  screenings,  and  the  third  unit  to  demon- 
strate il  possible  any  advantage  of  mechanical  agitation 
run  which  was  fairly  typical  of  subsequent  test.-,  gave  the 
general  results,  shown  in  Table  I.  for  aeration  tanks  No.  1 
and  No.  2.    Tank  No    l  perated  on  unscreened  sewage 

pumped  directly  from  the  main  Interceptor  and  tank  No.  2 
on  the  effluent   from   the  demonstration   plant. 

Table  I  shows  general  results  obtained,  but  does  not  Indi- 
cate the  advantage  ol  the  uniformity  of  operation  of  No.  2 
tank  nor  the  difficulties  which  were  experienced  in  the 
handling  of  undigested  solids  in  tank  No.  1.  Tank  No.  3, 
w  hic-li  was  operated  on  a  combined  plan  using  both  air  and 
mechanical  stirring,  did  not  give  satisfactory  stability  or 
effluent  and  was  abandoned  at  the  end  of  this  run. 

Encouraged  by  the  results  of  a  small  bathed  tank  u  t 
a    circulating    unit     with     tiltros    tile    arranged    to    give    rapid 

circulation  by  the  air  lining  effect,  tanks  Nos.  -  and  :!  have 
been  equipped  In  this  manner  and  No.  1  is  being  operated  in 
thi  tandard  form  as  b  control  unit.  The  tiltros  areas  in  No. 
L'  and  ::  are  10  per  cent  and  12  per  cent,  respective]),  and  tbe\ 
are  similar  in  construction  except  that  No.  3  has  an  additional 
baffle  Tank  No,  1  has  25  per  cent  tiltros  tile  area.  The  three 
tanks  are  op, -rated  on     i  rei  ned  sewage. 

Delay  was  expericnc.il  m  placing  these  new  units  in  oper- 
atic n  due,  to  extreme!)   high  river  during  November  and  the 

first  ball  of  Dcceinbei  \ll  three  units  are  now  •'tuned  up" 
and   produc  ing  an  efflui  nl   of  high   stability.    Tanks   No.   2  and 

No.  3  show  a  percepi  •      saving  In  the  us,-  ol  air  over  tank 

No.  l.  operating  with  con  Iderablj   less  than  i foot  of  air 

mii  oi  sewage,  and  also  having  greatei   capacity  with 
hi     ame  effluent  stai 
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TABLE     I     -AVERAG1  riNG      I 

SLt'DOE   PLANT 

Tank  Mo.  1 

t'n- 

P    P,  in 

25 

Total  

Ived 

Per  ci 
Stability     ■!'■> 
i  ruble  fc ,  i  ■!  ail  i"  '   gallon  1  sr. 

\i    i  :    i  ,  •  22 

Ubumlnold  ammonia  -t  •' 

Pout  lion  gallon* 
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Condition  and  Behavior  of  Core  Ma- 
terial in  Hydraulic  Fill  Dams* 

By  CHARLES  H.  PAT  I 
«ncj     D 

Much  has   i d  written  aboul   the  condition   and   behavior 

,  materia]  in  hydraulic-flli  dams.  A  systematic  studj  ot 
the  BUbject  baa  been  carried  on  during  the  trm  tion  ol  the 

Bve  dams  of  the  Miami  Conservancy  District  with  the  result 
that  mam  ol  the  doubts  that  have  existed  heretofore  regard- 
ing the  -lability  of  hydraulic-fill  cores,  have  been  dispelled. 
it  will  be  shown  in  this  paper  that : 

1,  The  gradation  of  core  material  may  be  controlled  dur- 
m^   ,  ,  even   with  borrow -pit   materials   of   widely 

different  character. 

\  considerable  excess  of  fines  is  required  in  the  borrow- 
pit  material,  in  order  to  maintain  proper  control  of  the  core 
and  to  prevent  the  encroachment  of  gravel  and  sand  into  the 
core  zone. 

3.  A  reasonably    wide   core,   namely,   rote    width    at    any 
point  equal  to  height  of  dam  above  that   point,   may    b 
tained   with  absolute   safety. 

4.  A  fairly  high  percentage  of  extremely  fine  material  in 
the  core  is  not  objectionable,  provided  the  material  is  prop- 
erly graded. 

5.  Such  cores  show  a  satisfactory  rate  of  consolidation. 

6.  Such  cores  are  stable,  after  a  few  months  of  consolida- 
tion, to  the  extent  that  they  will  not  flow  when  the  support 
of  the  outside  slope  material  is  removed. 

General  Features  of  the  Miami  Dams.— The  five  hydraulic- 
fill  dams  of  the  Miami  Conservancy  District  form  retarding 
basins  to  control  flood  discharges  in  the  Miami  Valley,  Ohio. 
Table  I  gives  the  maximum  height,  length  and  volume  of  each 
of  the  Consen  amy  dams. 

It  will  be  noted  that  these  dams  vary  in  volume  from  800,- 
000  to  3,600.000  cu.  yd.  and  in  maximum  height  from  73  to 
125  ft. 

Fig.  1  shows  the  standard  cross-section  which  was  adopted 
for  the  Conservancy  dams. 

The  construction  of  the  dams  was  begun  during  the  season 
of  191S,  and  all  of  them  have  now  been  completed.  Two 
of  them  have  already  been  in  action  during  a  flood  flow  in 
the  river. 

Borrow-Pit  Studies  Led  to  Hydraulic-Fill  Construction.— 
Before  the  type  of  dams  to  be  built  in  the  Miami  Valley  was 
decided  on,  careful  examination  was  made  of  foundation  con- 
ditions and  of  materials  available  for  construction.  The  foun- 
dation conditions  dictated  the  selection  of  earth  dams  at  all 
the  sites,  and  borrow-pit  investigations  indicated  that  hy- 
draulic-fill dams  would  be  practicable  and  economical.  The 
decision  as  to  hydraulic-fill  construction  was  not  made,  how- 
ever, before  consultation  with  several  experts  in  that  type  of 
construction,  and  after  careful  mechanical  analyses  of  the 
borrow-pit  material  to  determine  the  relative  quantities  of 
coarse  and  fine,  and  especially  the  percentage  and  character 
of  the  material  that  would  pass  the  100-mesh  sieve.  These 
analyses,  as  well  as  precipitation  tests,  indicated  that  both 
in  quantity  and  quality  the  fines  in  the  borrow  pit  material 
would  meet  the  requirements  of  a  good  hydraulic-fill  core. 
Further  tests  by  the  United  States  Bureau  of  Soils,  at  which 
better  facilities  are  available  than  in  the  ordinary  laboratory, 
including  comparisons  with  similar  material  from  other  hy- 
draulic-fill dams,  confirmed  the  preliminary  conclusions,  name- 
ly, that  the  embankment  material  available  was  well  suited 
to  hydraulic-fill  construction. 

Design  of  Core. — Careful  study  was  given  to  the  design  of 
the  core  for  the  Conservancy  dams,  with  the  result  that  the 
«ore  width  at  any  point  was  made  equal  to  the  height  of  the 
dam  above  that  point.  This  gave  a  core  of  such  shape  that 
sloughing  of  the  outside  slope  material  would  not  be  encour- 
aged, and  of  sufficient  width  so  that,  with  reasonable  care, 
the  encroaching  of  sand  and  gravel  too  far  into  the  .ore 
zone  could  be  prevented,  and  narrow  enough  so  that  addi- 
tional material  to  that  required  to  give  stable  slopes  would 
•not  be  necessary  in  order  to  hold  the  pressure  of  the  semi- 
liquid  part  of  the  core  during  construction. 

In  order  to  obtain  cores  of  the  dimensions  decided  on.  it 
i     became  necessary,  at  one  of  the  dams,  to  waste  a  considerable 

•Abstract  of  a  paper  entitled  "Core  Studies  in  the  Hydraulic  Fill 
Dams  of  the  Miami  Conservancy  District."  en  pp.  1  *>  -  -  4  T  2  of  Vol. 
XLVin,  No.  3  (March),  Proceedings  of  the  American  Society  of 
Civil   Engineers. 


quantitj  of  tie'  core  mat. -rial  .nan  ibb  m  the  borrovi  I'll,  and 
at  two  others,  to  open  auxiliary  pit-  in  claj  deposits  on 
adjacent  hillsides,  to  make  up  for  deficiency  of  fines  in  the 
main    borrow  -pits.      There   are    di  68    in    having 

a  surplus  of  COW  material  available,  so  that  a  part  at  least 
finest  of  that  material  may  be  wasted:  First,  ;i  better 
gradation  of  core  material  may  thus  be  obtained;  in  fact, 
after  the  selection  of  the  borrow -pits,  and  such  selection  of 
material  in  the  pit  as  is  practicable  as  excavation  proceeds, 
the  wasting  of  fines  affords  about  the  only  remaining  oppor- 
tunity to  control  the  gradation  of  the  core  material;  and, 
ttd,  a  more  rapid  consolidation  of  core  results,  by  dis- 
posing of  some  of  the  extremely  fine  particles  which,  other- 
wise,  are  held  in  suspension  for  a  long  period,  tend  to  lubri- 
cate the  whole  mass,  and  retard  the  process  of  consolidation 
by  the  holding  up  ot  particles  which  ol  themselves  would  set 
tie  more  rapidly. 

The  Goldbeck  Pressure  Cell. — In  order  to  study  the  action 
of  the  hydraulic-fill  cores  during  construction,  it    was  deter- 
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Flo.    1  — Standard    Cross    Section    of    Conservancy    Dams. 

mined  to  place  at  various  elevations,  in  all  the  dams,  a 
number  of  Goldbeck  pressure  cells.  Preliminary  experiments 
with  these  cells  by  the  U.  S.  Bureau  of  Public  Roads,  at  the 
writer's  suggestion,  indicated  that  they  would  give  reason- 
able correct  results  if  placed  in  hydraulic-fill  cores.  Briefly, 
the  Goldbeck  cell  is  a  closed,  flat,  circular  box.  5%  in.  in 
diameter,  similar  in  shape  to  a  shoe-blacking  box,  the  top 
or  bottom  of  which  acts  as  a  movable  diaphragm.  It  is 
operated  by  slowly  admitting  compressed  air  through  a  small 
pipe,  to  the  inside  of  the  box.  The  air  is  supplied  from  a 
small  tank  which  may  be  charged  with  an  ordinary  tire  pump. 
The  cell  is  buried  at  a  known  elevation  in  the  core, 
and  the  movable  diaphragm  is  held  down  by  the 
pressure  of  the  material.  When  the  pressure  of  the  air  on 
the  inside  equals  the  pressure  of  the  material  on  the  outside, 
the  diaphragm  is  lifted  slightly,  an  electric  contact  is  broken, 
and  an  indicator  light  in  the  registering  apparatus  goes  out. 
At  that  instant,  the  gauge  on  the  air  line  indicates  the  pres- 
iii.  of  the  material  against  the  movable  diaphragm.  The 
operation  of  the  cell  requires  a  movement  of  the  diaphragm 
of  less  than  0.001  in.  The  cell  may  be  set  either  horizontally 
or  vertically,  and.  thus,  either  vertical  or  lateral  pressure  may 
be  determined. 

In  addition  to  the  Goldbeck  cells,  it  was  planned  also  to 
use  the  ordinary  rod  and  ball  tests,  as  construction  proceeded. 

Construction  Methods. — The  embankment  material  was 
pumped  into  each  of  the  conservancy  dams,  by  lain,  dredge 
pumps,  as  it  was  impossible  to  sluice  directly  from  the  bor- 
row-pit to  the  embankment.  In  two  cases,  however,  the  bor- 
row-pit material  was  broken  up  by  hydraulic  giants  and 
sluiced  to  sumps  where  it  was  picked  up  by  the  dredge  pumps 
and  pumped  into  place.  At  the  other  three  dams,  the  borrow- 
pit  material  was  excavated  by  drag-line  machines,  loaded  into 
cars,  hauled  to  the  dams,  and  dumped  into  long  shallow  bins 
or  hog  boxes.  At  the  hog  boxes,  hydraulic  giants  were  used 
to  wash  the  material  to  the  dredge  pumps.  Thus,  it  will  be 
seen  that,  by  the  time  it  reached  its  place  in  the  dam,  the 
borrow-pit  material  was  thoroughly  broken  up  and  separated. 

The  discharge  pipes  laid  down  this  material  along  the  outer 
edge  on  either  side  of  the  dam  section;  a  low  levee  or  dike, 
along  the  out'side  slope,  forced  the  discharge  to  flow  toward 
the  center  where  the  core  pool  was  maintained.  The  usual 
separation,  characteristic  of  hydraulic  fill  construction,  was 
thus  obtained.  The  coarser  material,  consisting  of  cobbles, 
gravel  and  coarse  sand,  remained  in  the  outer  parts  of  the 
embankment,  and  the  fine  sand,  clay  and  silt  flowed  to  the 
center  with  the  water,  and  settled  through  the  core  pool,  to 
form  the  impervious  core. 

TABLE  1  — SIZE  OF  MIAMI  CONSERVANCY    HYDRAULIC-FILL 

HAMS 

German-    Ensle-  Lock-          Tay-         Huff- 

town.        wood.  ington.     lorsville.      man. 

Dam.        Dam.  Dam.        Dam.          Dam. 

110               125  Tv                 7S                 73 

1,2011            4.700  fi.tiiO            3.000            3,300 

800.000     3.600,00(1  970,000     1.130,000     1,330,000 


Max  height,  in  ft. 
Length,  in  feet ... 
Volume,  in  cu.  yd.-. 
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Distribution    of    Material    in    Dam    Section.      In 

separation  oi  material  «;is  obtained  to  the  extent 
that  the  outside  Blope  material  was  pervious,  free  draining, 

■  bereas,  the 

rious  ami  of  fine   material,     it   Bbould   be  noted, 

iretical   gradation  of  material  outside 

i  .  from  coai  Bide  i"  tni''  toward  the 

Is  hardly  perceptible,  except   bj   careful  examination, 

;iml  thru  only  m  a  genera]  way.    Although  the  material  near 

the  outside  Blope  line  contain;-  -i il  Lgi    i  I  coarse 

particles  ami  is  more  pervious  than   thai   near  il 

the    core,    still    considerable  .1    is    distributed 

through  the  section  of  the  'lam  from  the  outside  Blope  to  the 

ind   near  the 
slop.'  as  well  as  neai    I  ne,  which  is  ol  no 

tana       li    i-   also   true,   however,   that    a   considi 
quantity  of  the  line-  i-  trapped  in  this  outside  slope  material, 

which   is  of   importance  and  must    hi'   taken   into  Consideration 
in  any  analysis  of   borrOW-pit   material.      Unless   BUCh  analysis 

shows  a  large  surplus  of  fines  thai   required 

theoretical   core   section,    it    is   almost   certain    t! 

an  additional  supply  of  core  material  will  .< 
during  construction.     This  happen,,! 

lams,  and  although  it   was  not  entirely  ui 

it    hail    not    been    anticipated   at    the    i 
At    all   live   of   the   dams   there    was   a   distinct   deposition   of 
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sand  at  the  edge  ol  D  separa- 

tion between  the  slope  material  and  the  core  material  The 
water  (lowing  down  the  beaches  from  the  discharge  end  of 
the  dredge   pipe,  dropping   thi  taterial 

along  the  way,  carried  still  an  appreciable  quantity  of  coarse 
sand  when  it  reached  the  core  pool.    Its  velocity  was  checked 
•  ntered   the   pool,   and    its    burden   of   coarse   sand    was 
immediately  dropped,  only  the  finest  of  the  material,  that  is, 
the  fine  sand,  clay  and  silt,  going  into  the  core  zone  where 
ed  slowly  through  the  core  pool.     This,  in  general,  was 
what    happened     when      construction     conditions    were   right. 
Irregularity   in   shore   line,   concentration   of   flow   down   the 
deflclencj    of  core   material,  and   similar  unfavorable 
bich    continually    occur   on    construction    work. 
less  of  how   well  it   is  organized,  occasionally   resulted 
in  tongues  of  the  coarser   material  extending  into   the  core 

zone,  thus  emphasizing  (he   ni  lably   wide 

•    care  of  such  contingencies  which,  how 
ever  undesirable,  can   hardly  be   ,  limn. 

Core  Tests. — The   limitation   of   fines   in  the  core  material 

rvancy  dams   was   largely   a  matter  of  judgment. 

'ii  'he  anal  als  available,  preliminary 

-n  with  the  i'.  s.  Bureau  of  Public 

and   analysi  ;<,    other   hydraulic- 


lion  was  started,  frequent  analyses 

of-  materials  were  obtained  through  the  cooperation 

of  'he  i     s.   Bureau  ol  Soil  .  and  the  rat.  Nation 

were    studied.      Table    ll    Bhows    the    result-    ol    BOme    of    the 

analys.-  ot  typical  ci  re  material. 

AJthi  of  quite  different  composition 

given  ma]   show   as  good  result-,  it  may  be  Bald   that  all  five 
oi  thesi    dams  have  i" i  i  mlica- 

tion  ot  trouble  with  anj  of  the  cores,  with  ample  proof  that 
consolidation    has    taken    [dace    in    a    thoroughly    satisfactory 
r,    and    that    the    water  lightii,  -  -liown- 

■    " 
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SIDE  FRONT 

LARGE  SCALE  DETAIL  Of  MO'.  '- 

LATERAL  PRESSURE    " 
Fig.   3 — Improved  Installation  of   Pressure  Cell  at  Taylorsvlllc   Dam. 

opinion,  tie    most  Btrikii  aled  bj  a  study  of  Table 

II.    is    that,    with    |  arkably   similar    in 

ItiOU  can    h.    .'lined   from   different    borrow-pit   mat 
rials,  in  different  river  \  alleys,  at  points  from  10  to  50  mile: 
apart.     It  is  not  clainn   l   that   the  gradation  shown  by  thesi 
analyses   cannot   be    improved,    but    the    results    obtained 
Hie   i 'oiiservam  >  ite   conclusivelj    iii.it    cores 

the    composition    shown    are    eminentnl) 
trom  the  standpoint  I  consolidation,  degrei 


ie 


TABLE   II.-   MECHANICAL  ANALYSES  OF  TYPICAL  CORE  s\M  I  LES. 
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Bolidation,  and  water-tightness.  To  call  to  mind,  again,  th<> 
ilifferent  conditions  under  which  thesi  obtained,  it 

may  be  stated  thai  al  Locklngton  and  thi    borrow- 

aterial  was  used  as  it  came,  with  onlj  men  control  as 
ired  bj  varying  the  depth  ol  excavation,  thus 
obtaining  a  greater  or  less  proportion  of  th<  el  ij  over-burden, 
or  by  such  other  selection  of  materials  -  could  reasonably 
be  made  without  unduly  Increasing  thi  cosl  o  excavation. 
\i  Qermantown  and  Huffman,  the  main  borrow  pits  were 
deficient  in  fines,  and  auxiliary  borrow -pit-,  yielding  a  high 
percei  ■- .  bad  to  be  opened.    At  Taylorsville,  there 

was  a  targe  surplus  of  fines  In  the  borrow  pit  and  i  consid- 
erable  percentage  of  the  core  material  had  to  be  wasted  in 
the    latter   case,   there   was   the   ever-present    temptation    to 

I  by  holding  a  large  percei]  s,  and 

taking  chances  on  a  wider  core  than  that  called  for  bj  the 
:  other  case,  one  had  to  reckon  with  the  desire 
t.i  narrow  the  core  to  lit  the  borrow-pit  conditions.  Perhaps 
both  these  modifications  might  have  been  made,  within  rea- 
sonable limits,  without  detriment  to  the  work.  In  the  light 
of  present  knowledge,  however,  it  is  believed  that  cither  would 
have  been  undesirable,  and   might  have  led  to  trouble. 

Pressure  Cell  Tests.  -About  fifty  of  the  Goldbeck  pressure 
cells  were  placed  in  the  cores  of  these  five  dams.  Somi 
given  satisfactory  readings,  and  some  have  not.  In  cases 
where  the  readings  look  unreasonable,  or  whirr  the  cells 
fail  to  register,  it  is  sometimes  difficult  to  detenu 
the  trouble  is  in  the  cell  or  is  due  to  faulty  installation 
With  a  few  exceptions,  there  is  no  evidence  that  anj  of  the 
unsatisfactory  results  have  been  due  to  fault  in  the  cell  it- 
self. Defective  installation  is  known  to  have  been  the  cause 
of  many  of  the  unsatisfactory  readings,  and  improve) 
in  installation  have  resulted  in  marked  improvements  in 
results.  This  was  a  pioneer  effort,  and,  naturally,  much  was 
to  he  learned  by  experience,  before  proper  methods  were  de- 
termined for  meeting  the  requirements,  particularly  as  to  the 
best  methods  of  installation.  The  first  installation  was  made 
at  the  Germantown  Dam.  At  this  dam.  the  cells  were  sus- 
pended, by  two  (4-in.  pipes,  from  the  top  of  a  framed  tower 
which  was  built  iu  sections  as  the  construction  proceeded. 
Two  pipes  were  necessary  at  these  installations,  one  to  carry 
the  wire  connecting  with  the  registering  apparatus  and  to 
take  the  charge  of  compressed  air,  and  the  other  to  be  used 
as  a  blow-off  in  case  water  entered  the  pipe  or  the  cell.  This 
method  of  installation,  however,  was  improved  later.  (See 
Fig.  3.) 

Cells  were   set  in   a  vertical  position    (to   measure   lateral 
pressures)    at  10-ft.   vertical  intervals,  and   in  horizontal   po- 
sition (to  measure  vertical  pressures)  at  30-ft.  vertical  inter- 
vals.    As  the  tower  was  raised  in  height,  the  pipes  w. 
tended  by  connecting  another  section  at  the  top.  and  ani 
length  of  wire  (bell  cord)  was  spliced  on  and  threaded  through 
the  one  pipe.     The  tower,  surrounded  by  the  soft  core,  was 
t  intervals  to  hold  it  in  place. 
In   taking   the   readings,   a   portable   gauge   box   was    taken 
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Fig.    4 — Results    of    Readings    at    Taylorsville    Dam. 

out  to  the  tower,  and  connected  to  one  of  the  pipes  from 
which  the  cell  to  be  tested  was  suspended,  the  pipe  being 
connected  to  the  pressure  tank  and  the  wire  to  the  indicator 
light.  A  plug  was  removed  from  the  end  of  the  other  pipe 
and  a  light  "shot"  of  compressed  air  was  admitted  to  the 
first  pipe  to  displace  any  w-ater  which  might  have  accumu- 
lated. It  was  only  necessary  to  force  this  water  out  of  the 
way  so  as  to  admit  air  to  the  cell,  since  the  weight  of  a  water 
column  (if  any)  in  the  second  pipe  would  register  on  the 
pressure  gauge,  and,  therefore,  would  not  affect  the  correct- 
ness of  the  reading;  as  a  matter  of  fact,  little  trouble  with 
water  was  encountered.     The  plug  was  then  replaced  in  the 


end  ot  the  second  pipe,  ami  He  ,i  ;,ir  was  admitted 

sli.uh     in    the   cell,    until    the    111.  >\  en  lent    ,,f    t|,,.    diaphragm 
broke    contact    and    put   out   the   light 

thai  instant,  the  pressure  gauge  mm  ,  ore  pressure 

on  the  diaphragm.     The  movemenl  neces- 

sary to   break  contact    l  about    0.0001   in.  I    is  so   slisht   that  the 
light  may  he  put  out  and  lighted  repi 

ulation  of  the  feed  and  exhaust    valves,   without    changing  the 
reading  of  the  pressure  gauge,  thus   showing   Hi 
movement  of  the  diaphragm  does  not  disturb  the  core. 
\   series  of  readings  at   Germantown,  covering  the  period 

from   Sept.    Huh.   1919,  to  May   20th,    L920,   are  sho  '  i 

These  tests  show  that  after  a  few   weeks  the  core  material 

begins  to  consolidate  las  indicated  by  the  i 


Fig.    5 — Exposed    Core    of    Huffman    Dam. 

pressures  are  noticeably  less  than  the  vertical  pressures  at 
the  same  elevations)  and  that  as  time  goes  on  the  difference 
becomes  greater,  until  after  a  few  months  the  lateral  pres- 
sures in  the  lower  parts  of  the  core  are  only  about  two-thirds 
to  one-half  the  vertical  pressures.  In  the  writer's  opinion 
this  is  conclusive  evidence  that  the  core  at  those  points  is 
losing  its  fluid  properties  and  that  consolidation  is  taking 
place.  These  conclusions  are  confirmed  by  later  examina- 
tions of  exposed  cores,  as  will  be  mentioned 

These  nine  series  of  readings  at  Germantown.  covering  a 
period  of  eight  months,  were  very  satisfactory.  Then  things 
began  to  happen.  The  dam  had  reached  a  height  of  from 
>j"  to  To  ii  and  was  being  constructed  at  the  rate  of  about 
6  or  S  ft.  per  month.  It  became  impossible  to  obtain  further 
readings  on  some  of  the  lower  cells  because  air  could  no 
longer  be  forced  through  the  pipe  to  the  cell.  This  plugging 
of  the  pipe  was  due,  in  some  cases,  to  the  bunching  of  the 
insulation  on  the  wire  or  at  the  splices,  and.  in  others,  to  an 
accumulated  deposit  of  dirt  and  Hakes  of  galvanizing.  When 
the  length  of  this  small  pipe  is  considered  (70  to  mi  ft.  in 
the  case  of  the  lower  cells),  this  latter  trouble  is  not  sur- 
prising, although  it  was  overlooked  at  the  start.  The  use 
oi  larger  pipe,  more  careful  cleaning  of  the  inside  of  the  pipe, 
and  the  construction  of  a  trap  at  the  bottom  of  the  pipe  to 
catch  the  dirt,  corrected  these  troubles  in  later  installations. 
Some  of  the  pipe  joints  then  began  to  leak  air.  and,  about 
that  time,  the  upper  part  of  the  tower  showed  signs  of  dis- 
tress, due  probably  to  movement  in  the  upper  (partly  fluid) 
portion  of  the  core  or  to  the  settlement  of  material  on  the 
guys.  This  movement  of  the  partly  consolidated  portion  of 
the  core  was  demonstrated  by  sinking  a  cast-iron  ball  into 
it,  marking  its  position  by  a  buoy,  and  checking  that  position 
from  time  to  time.  This  simple  test  gave  positive  evidence 
that,  in  the  earlier  stages  of  consolidation,  there  is  often 
some  movement,  or  surging,  of  the  semi-fluid  core.  Such 
movement,  in  itself,  is  of  little  consequence,  except  that  it 
must  be  given  consideration  in  cases  where  it  is  desired  to 
construct  a  permanent  tower  or  shaft  within  the  limits  of 
the  core.  Difficulties  with  such  towers  or  shafts  have  been 
experienced  in  other  hydraulic-fill  dams,  due  no  doubt  to  this 
core  movement. 

Thus,  the  pressure-cell  tests  at  Germantown,  following  the 
period  covered  by  the  readings  shown  in  Fig.  2.  were  of  in- 
principally  in  revealing  defects  to  be  corrected  in 
future  installations.  The  Knglewood  and  Lockington  instal- 
lations were  too  far  along  to  be  corrected  by  the  time  the 
Germantown  troubles  had  been  analyzed.  The  readings  ob- 
tained at  these  places  confirmed  the  conclusions  reached  from 


(81) 


356 


ng  and  Contracting   for   April    12,    /.''. 


rmantown  tests,  but  little  additional  information   was 
•u.i  what  is  shown  in   Fig    2 
At  Taylorsvllle,  full  advantagi  •    lence 

thei  dams,  and  a  much  better  installation  wa 
made.     In  this  case,  the  cells  were  fastened  t<>  the  side  ol  ■> 
iii.-  back  ol  a  high  retarding  wall  forming 
;i  pan  of  the  outlet  structure     Larger  pipes  were  used,  which 
were   I  urelj    i<>  the  Bame   wall,   and    instead   ol 

joining  up  tlu-  pipe  In  sections  as  the  dam   was  raised,  the 
!■    Installation  w a-  made  al   the  Btart.     At  the  pipe 
care  was   taken   in  Becure  a   permanent!]    air- 
Dlrl    nap-   were  provided   at   the  bottom  of  all 
the  pipes    i  Fig    3  i 
<vn>    in    vertical    position,    to    measure   lateral    prei 

in.  ai  Intel  vals  as  before,  bul  in  this  case 

•  at  the  bottom  ami  al   the  20-fl    Intervals, 

in  order  to  check  the  readings  of  one  against  the  other,  al 

those  points.     Cells  to  measure  the  vertical   pressures   were 

-.-i  at  Hi.    bottom  only,  because  ol  the  difficult! akin*; 

ni.ii  position  at  the  higher  ele- 
vations, except  at  points  where  tin-  vertical   pressure  would 
bj   friction  against  the  wall.     Fig.  4  gives  the  re- 
sults oi   readings  at  Taylorsvllle. 

It  will  be  noted  that  tin-  two  rolls  al  the  -I'll.,  vertical  in- 
tervals check  each  other  very  closely,  except  at  the  bottom, 
where  consolidation  has  taken  place  to  the  extent  thai  the 
lateral  pressures  are  only  about    i"  per  rem  ol  thi    vi 

i  es.     This  is  an  indication  thai  the  pi  essure  i  ell  read- 
ings are   fairly  reliable.      It    might    be   expected    that    when    COD 

Bolidatlon  has  reached  the  point  where  the  core  is  practically 

i  actual  lateral  pressure  might  vary  at  different  points 
to    the    extent    indicated    by    th.-    readings    on    the    lower   cells 

The  last   set   ot  readings   (Noi     26th)    were  taken   after  the 
completion  oi  the  dam  to  its  full  height.    The  section  of  the 

dam    in    which    the    cells    were   set,    was   built    up    from   Kleva- 

lowest  cells  are  located,  to  Elevation  837, 

the  to;,  ol'  the  dam.  during  a  period  of  six  months;  during  o"ne 
month    the   core   was   raised    :::',    ft.      The   monthly    progress  of 
construction    ol   that    section    is   shown   on   Fig.   4. 
The  Tayiorsviiie  method  of  Installation   is  apparently  sat 

■  iry,     The   resulls  to  date  have  .-very   indication  of  being 

reliahli  eck   with   the   readings  at  Qermantown,  as 

shown   in   Fig.   2.  and  they   appear  reasonable  in  the  light  of 

examinations  of  the  cores   in   place,  discussion  of  which  will 

follow.     The  readings  at   Taylorsvllle  will   be  continued   tor 

months,    or   a-    long    as    any    further    information   can 

ired  from  them 

It   is  evident,  from  the  data  secured  thus  far,  that  properly 

graded  >    |M     treated   as   a    perfect    fluid 

I    few   weeks   of   settlement,   and   that    after   it  has 

been  in  place  for  a  few  months,  the  lateral   pressure   is  only 

about  r.n  per  cent  or  less,  of  the  vertical  pressure  at  the  same 

depth.     II   i-  believed  that  this  may  he  accepted  as  a  fact,  to 

be  kept  in   mind   in   the  future  design  of  hydraulic-till  dams. 

Ball  and  Rod  Tests.  Penetration  tests  with  a  6-ln.  cast- 
iron  hall,  and  with  iron  rods,  wen-  made  at  all  tin-  dams  as 
,|,,.    v.ork     !  iiav.-     been     alr.-ail\     do 

:  and  a-  they  are  not  of  greai  importance,  the  discus- 
sion will  not  be  repeated  here  They  indicated  satisfactory 
and  progree  datlon  ol  the  core  in  all  cases.    Rod 

i.    ol   value  in   detecting   the  presence  of  gravel   in  tin- 
Actual    Core    Examinations.      By    far    the    most    satisfactory 

and  conclusive  Information  a     to  th  of  the  cores 

Conservancj   dams,  has  been  obtained  at  three  of  the 

by    examination    of    the    cores     where    they    have    been 

■  I    in    their    undisturbed    condition.      At    the    Huffman 

Dam,  the  old   line  of  the   Erie   Kailroad  passed  through   the 

dam    site.      The    construe  lion    ol    the    dam    was    slarled    while 

the  railroad   was   being   re-located   and   In   order   not    to  delay 

OnStrUCtlon,    a    cross-dam    was    built    along    the    edge    of 

right   of  way.  which   held   hack   the   hydraulic 

the   tracks   were   moved.     The   core    pool    «.i- 

then    drained,   the    preparation    ol    the    foundation    wa-    made 

,.i  Hthi  oi  w  b    i  roes-dam  through 

i  be  end  of  th.-  core 

ft.     Fig.  5  si  nosed. 

posed    face 

nd  although  it   stood  unsupported  to  a  height  of 

...   the  water  surface,   little   difficulty   was 

eaning   the   foundation    for   the   new   section 

ting  I ntlnuatlon  ot  the 

LI  .•     and    hOW 


tin-   hi,  dumped   bj    the  drag-line   machine, 

retains  its  shape  may   be  noted  in  Fig    5     The  oldest  of  the 

■  or.-    Vi8ible   in    this    photograph    bail    1 n    ill    place    about    five 

months,  and  tin-  top  ,,t  h  had  i n  placed  about   two  weeks 

before  the  photograph  was  taken,  it  would  bear  the  weight 
of  a   man   walking  aero  thi    core   pool   had   been 

drained     The  compo  Won    >l  material  Is  represented 

by  the   Huffman  analysis   In  Table   li      When  studyinj 
photograph,  it  should  bi    kepi   In   mind   thai   the  face  ol   the 

-  low    the  water   mrface,  was  undercut  by  the  i 
Hon  ioi   ih,.  removal  ol   I  im  ami  tin-  continuation 

ol  the  .at  oil  trench,  which  explains  lb.-  slumping  ii.  ar  Ih. 
I.I.  . 

\i   ih.-  Locklngton   Dam    when  con  traction  had  been  cai 

lied      lo     within     abOUl      I-     It       Of     the      tOP,     the     cole     pool     ovel 

flowed,  washing  a  gully  in  the  iip-siream  slope  ol  the  dam 
au.l   exposing  the  core  !..  a   depth   of  about   80  ft.  from  tin-  lop 

milai    accident    occurred    at    Englewood,    at    about    the 

same   stage  of  completion.      In  each   case,  all   the   water   in   the 

en.-    pool    drained   through    the    break       \i    Englewood,    the 

quantity     of    water    dram.. I     v .  .•       estimated     at    not     l.-ss    lhall 

0   gal.     In  both   ...  ■       the  core     tood   up   with   al si 

vertical  Faces  and  noni  ol  II  washed  out,  except  just  al  the 
break     only  about  ]u  per  cenl  ol  the  material  moved  b)  the 

w  a  ih  out    w  as    core    mat.  rial. 

Sample    ol  the  oon    mi  from  these  places  were  taken 

in  both  cases  Ai  Lockington,  Ave  samples  wen-  taken  at 
dill. -lent  [daces,  after  digging  into  the  exposed  fac,  tar 
enough    to    reach    material    that     had    not    beep    disturbed    or 

affected  bj  the  wash-oul  Each  ol  the  samples  was  secured 
by  using  s  7-in.  length  ol  stove  pipe,  biscuit-cutter  fashion, 
and  Immediately  Boldering  on  i  top  ami  a  bottom,  thus  form- 
hermetically  sealed  call,  full  of  core  as  it  lay  in  lin- 
dane The  moisture  content  ol  these  Ave  samples,  as  deter- 
mined b)  the  Bureau  ol  Soils,  varied  from  L'lx  i,,  22.6  per 
i  .in  by  weight.  Thi  mechanical  analysis  averaged,  as 
follows: 

1-0.5  mm.        0.6-0.25  mm         0.25-0.10  mm.        0.10-0.06  mm. 
0  i"-' 

0.05-0.005  mm.  0.005-0  mm. 
21% 
which  agrees  well  with  the  typical  analysis  of  the  Lockington 
core  samples,  given  in  Table  II.  The  low  moisture  content 
shows  thai  the  core  gives  ip  lis  BUrplUS  water  within  a  com- 
paratively short,  time;  there  is  no  doubt  of  that  after  an 
examination  of  the  exposed  core  in  place  Similar  samples 
taken  at  Englewood  had  a  moisture  content  of  about  21  per 
cent.  The  weight  per  cubic  tool  was  about  KM  lb.  A  large 
number  id'  pieces  of  core  material  al  Knglew  ood.  some  of 
which  were  ]  cu.  yd,  oi  more  in  size,  were  found  at  the  toot 
Of  III"  slope  after  the  wash-out.  which  showed  the  toughness 
of  the  core  material  Tin-  Englewood  wash-out  occurred  in 
a  section  of  the  dam  II.  it  hail  been  built  up  as  much  as  30  ft. 
vertically  in  1  month,  so  it  is  evident  that  consolidation  lakes 
place  rapidly,  even  when  construction  progress  is  fast  In 
ih.-   tace  oi    the  evid iffered    by    these   core   exposures, 

ther,      is    no    doubt    that     consolidation    of     these    cor- 
progressed  at  a  highh    satisfactory    rate 

How  the  Core  Gives   Up   Its  Surplus  Water.-  There 
ference  of  opinion  as  to  h..w  the  surplus  water  escapes  from 
the  core.    Experience  al  the  Conservancy  dam-  Indlcati 

this  process  is  more  rapid  than  could  occur  by  ordinary  filtra- 
tion action.     It  is  very  lik.lv   thai  BOme  Of  lie-  water  drains  out 

laterally,  but  there  are  indications  that  the  greatei  quantity  is 
,ii  placed    and    forced  ertlcally,    by    settlemenl    o 

solids  and  by  pressure  due  to  the  superimposed  material.  In 
many  places,  when-  pumping  had  been  discontinued  tempo 
rarily,  Innumerable  litth     mums  might  be  Been  in  th.-  bottom 

.a  ih.-  core  i 1.  when        tei  waa  being  forced  up  by  piping. 

Then-  is  further  evidenci  thai  comparatively  little  ot  the 
water  in  the  core  material  i  capei  laterally,  While  the  dami 
were  being   built,  Beepage   water  was  alwayi   In  evidi 

Ih.-    toe    of    the    porOUS      lopi  This    How     was    greatly    dimin- 

ished  at    times   when   th.-   dredge   pumps   were  -hut    dov 
the    h-\el    of    llle   core    pool    hail    .hopped    1    or    'J    ft        Killing    the 

ruction  of  hydraulic-nil  dama  in  the  arid  Wesl 
tion   will  grow   al    the   looi    oi    the   slopes  while  hydraulic   till 

progress,  Out  as  soon  a-  the  work  is  discontinued,  the 
vegetation  will  die  foi  lack  of  water,  tin-  explanation  being 

ih., I    along  the  edge  ot    the   cue   pool,   immediately    below    Ho- 
is a   strip  of   porOUS    slop.-    material    not    yet    silled    up 
bj    ,],,.  ....ii   as   the   wal.-r   surface   drops    below    this 
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unsifted    material,   little   water   escapes       rough    the   Blopea, 
and  tiit>  core  pool  holds  the  remainder  of  the  water  toi 
time     The  little  springs  are  Btffl  ba  actioi    however,  and  the 
consolidation  of  the  con-  goes  on,  ton  urplus  water 

to  the  surface,     it  Is  difficult  to  explain  ■•'      i  ipid  con 
the  Conservancy  cores  in  any  other  way. 

Gravel   and    Sand   Sloughing    Into   Core.     Once    al    Huffman 

and  several  times  a(  Bnglewood,  trouble  w  need  by 

gravel  and  Band  sloughing  or  ravelin      nto  the  core,  Its 

,,, ,.  b<  ing  detei  ted  bj  the  rod  sounding,    in  .  very  case, 

!,  the  '-ore  material  was  n rought  up  fast 

enough  to  correspond  with  the  building  up  ol  the  outside 
Blope  material,  and  it  could  always  be  prevented  by  keeping 
the  core  well  filled  with  mud.    The  coat  rial  takes  a 

fairly   steep  slope  next  the  core  pool,  and  each   layer  over- 
hangs the  one  below.     Water  pressure  is  not  sufficient  to  hold 
,,   i„   place,     if  the  core  pool  is  kept  well   tilled   with   mud, 
,  r.  jt  consolidates  fast  enough  to  keep  the  coarse  ma- 
terial from  sloughing  in.  and.  here  again,  the  advantage  is 
,nt  ei   having  a  surplus  of  fines  in  the  core  material 
,,  thai  Borne  <>f  the  finest  may  be  wasted. 

\  concentrated  How  down  the  beach  from  the  dredge  pipe 
will  tend  to  carry  a  tongue  of  gravel  ami  -and  out  into  the 
core.  This  may  be  prevented  by  shear  boards  to  break  up 
the  concentration  of  How.  or  by  a  floating  timber  held  in  by 
ropes  close  to  the  shore  of  the  core  pool,  at  the  point  where 
the  flow  enters  the  pool.  By  building  up  the  dam  in  lifts 
Of  not  more  than  2  or  ".  ft.  at  a  time,  this  trouble  maj  be 
avoided  more  easily. 

Progress  of  Construction. — It  may  be  of  interest  to  give  a 
general  idea  of  the  rate  of  progress  on  the  Conservancy 
dams.  At  Germantown,  with  one  drag-line  machine  in  the 
borrow-pit,  and  one  dredge  pump,  an  average  month's  work 
was  about  60.000  to  70.000  cu.  yd.,  and  during  one  month, 
the  output  reached  91,500  cu.  yd.  At  Huffman,  with  similar 
equipment,  the  rate  of  progress  was  about  the  same,  al- 
though at  Lockington.  the  progress  was  somewhat  less.  At 
Taylorsville,  with  four  giants  in  the  borrow-pits  and  two 
dredge  pumps,  the  highest  monthly  estimate  was  luT.uoii 
cu.  yd.  At  Knglewood.  with  three  drag-line  machines  in  the 
borrow-pit.  and  two  dredge  pumps,  the  quantity   of  material 

placed   in   the  dam  often   reached    150, :u.   yd.   per  month. 

and  during  one  month  it   was  180.000  cu.  yd. 


Typhoid  Fever  in  New  York  During  1921.— According  to  the 
Weekly  Bulletin  of  the  Department  of  Health -of  New  York 
City  for  Feb.  4  there  were  899  verified  cases  of  typhoid 
fever  in  New  York  City  in  1921  compared  witli  969  verified 
cases  for  1920;  a  total  of  124  deaths  were  reported  during 
1921  as  against  137  for  1920.  Forty  per  cent  of  flic  cases  were 
traced  to  probable  sources  of  infection  as  against  35.6  per 
cent  in  1920.  During  1921.  97  cases  were  traced  to  contact 
infection,  of  which  number  47  were  due  to  contact  with  active 
cases,  13  cases  were  due  to  proven  carriers,  and  37  cases  were 
due  to  suspected  carriers.  Two  hundred  and  fifty-four  cases 
were  traced  to  sources  out  of  town,  3  cases  were  traced  to 
flies.  5  cases  to  shellfish  and  no  cases  were  traced  to  con- 
taminated milk.  Sixty-six  per  cent  of  the  cases  were  con- 
firmed by  laboratory  test  against  77.2  per  cent  in  1920.  Dur- 
ing both  years,  63  per  cent  of  the  cases  were  hospitalized.  In 
1921,  1,798  persons  were  immunised  against  typhoid  by  the 
Department  of  Health.  With  the  exception  of  1919,  when 
there  were  854  cases  and  121  deaths  from  typhoid  fever,  last 
year  is  the  lowest  one  on  record.  The  death  rate  per  inii.Oon 
continues  to  be  2.  while  the  case  rate  per  100,000  is  15.8.  The 
fatality  for  1921  is  13.8  per  cent,  while  in  1920  it  was  14.1 
per  cent.  Twenty-eight  cases  of  para-typhoid  fever  were  re- 
ported during  the  year. 


Portland  Cement  Production  in  1921.— Preliminary  estimates 
by  the  V.  S.  Geological  Survey  show  that  the  production  of 
Portland  cement  in  1921—98,293,000  bbl.—  was  more  than  98 
per  cent  as  great  as  that  in  1920,  the  'record"  year.  The 
total  shipments  in  1921,  about  95,051,000  bbl.,  were  nearly  99 
per  cent  to  those  in  1920.  The  stock  of  finished  cement  at  the 
mills  at  the  end  of  1921.  about  11.938,000  bbl.,  showed  an  in- 
crease over  the  stock  at  the  end  of  1920  of  more  than  33  per 
cent.  This  stock  exceeded  the  average  stock  in  hand  at  the 
end  of  each  of  the  years  1917  to  1921  by  over  27  per  cent. 
The  average  factory  price  in  bulk  at  the  mills  for  the  whole 
country  was  $1.87  a  barrel  in  1921,  as  compared  with  $2.02  a 
barrel  in  1920.  a  decrease  of  7.4  per  cent. 


Cleaning  Irrigation  Canals  with  Mod- 
ified Disk  Harrows 

on,,  of  the  most  perplexing  problems  of  Irrigation  canal 
maintenance  is  the  combating    thi    growth  of  aquatic  plants, 

This    plain    growth    ordinarily    does    not     affect     tlie     How     of 

water  m  a  canal  to  a  Berious  extent   toi    t\i ■  Hi 

.liter  its  construction.  This  is  becausi  the  planl  growth  is 
brought  mi.,  the  canals  with  the  water  diverted  from  rivers 
and  Btorage  reservoirs,  and  some  tlmi  I  required  Cor  it  to 
gain  a  sufficient  foothold  to  obstruct  the  Mow  of  water.  Ex- 
periences in  removing  these  growths  from  canal  "i  the  Min- 
idoka Project  of  the  r.  s.  Reclamation  Service  with  modi 
Bed  disk  harrows  are  related  bj  Hugh  L.  Craw  foul.  Assistant 
Engineer  r.  S.  Reclamation  Service  in  the  February  Reels 
mation  Record.  Appended  to  .Mr.  Crawford's  report  are  some 
interesting  comments  on  this  maintenance  method  by  Barry 
Dibble,  Project  Manager,  We  quote  as  follows  from  the 
above  mentioned   publication: 

Kinds  of  Plant  Growth  in  Minidoka  Canal. — On  the  Mini- 
doka Project  the  plant  growth  is  of  tWO  kinds.  Both  of  these 
are  locally  called  "moss."  and  the  operation  of  removing  them 
from  the  canal  is  called  "mossing."  One  kind  is  a  sort  of 
moss  which  covers  the  wetted  perimeter  of  the  canals  like 
a  blanket,  particularly  in  sections  where  the  velocity  of  flow 
is  low.  The  other  kind  is  not  a  moss  but  a  long,  slender 
plant,  sometimes  called  seaweed,  which  grows  from  a  small 
onion-shaped  bulb.  It  sometimes  attains  a  length  Of  'i  ft.  or 
more. 

The  growth  of  these  plants  is  most,  rapid  in  warm  weather, 
and  about  the  last  of  June  or  the  first  of  July  the  seaweed 
attains  a  length  sufficient  to  bring  it  to  the  surface  of  the 
portions  of  the  canals  affected.  The  blanket  moss  entangles 
with  it  and  the  result  is  that  the  capacity  of  the  canals  is 
rapidly  reduced.  The  rate  of  growth  is  so  rapid  as  to  fre- 
quently raise  the  water  surface  elevation  0.1  ft.  in  a  24-hour 
period  for  the  same  discharge.  Unless  this  condition  is  rem- 
edied immediately  the  capacity  of  a  given  canal  may  be 
reduced  as  much  as  one-half  and  the  water  be  forced  over 
the  banks.  This  damages  the  canal  banks  and  may  lead  to 
serious  breaks,  as  well  as  injury  to  crops,  by  flooding  at  some 
points  and   by  lack  id'  water  at  others. 

Method  of  Removing  the  "Moss."-  -Various  methods  of  re- 
moval were  tried  out  on  this  project  with  indifferent  success. 
The  canal  bottoms  were  dragged  with  spike-tooth  harrows, 
spring-tooth  harrows,  and  heavy  log  chains.  The  Ziemisen 
submarine  saw  was  used  in  the  canals.  In  the  smaller  later- 
als men  with  scythes  waded  and  mowed  the  seaweed.  An 
ordinary  farm  disk  harrow  was  tried  and  found  ineffective. 

Of  all  the  methods  tried  the  submarine  saw  and  the  scythes 
were  the  most  effective  agents.  They  were,  however,  very 
slow  and  expensive.  It  was  necessary  to  cover  the  same 
ground  every  two  or  three  weeks.  The  use  of  scythes  also 
worked  a  considerable  hardship  on  the  laborers,  who  were 
forced  to  spend  long  hours  in  the  water.  Log  chains  could  be 
used  only  late  in  the  season,  when  the  moss  was  ripe. 

Watermaster  George  Haycock  learned  that  the  South  Side 
Twin  Falls  Project  had  been  using  a  disk  barrow  with  a 
specially  constructed  tongue  or  draw  bar  with  good  results. 
Inspection  of  this  machine  at  Twin  Falls  indicated  that  it 
would  assist  in  solving  the  moss  problem  for  the  Minidoka 
Project,  and  arrangements  were  made  for  the  purchase  of 
one  complete  disking  outfit  from  the  Twin  Falls  Canal  Co. 
on  it^  delivery  it  was  put  in  operation  on  the  lower  end  of 
the  J  or  third  lift  canal. 

The  results  were  even  better  titan  had  been  expected.  The 
machine  not  only  removed  moss,  but  also  went  down  into  the 
silt  on  the  canal  bottom  and  loosened  a  great  part  of  the 
moss  bulbs  which  then  floated  out  of  the  canal  This  was 
removing  the  root  of  the  trouble,  and  it  was  found  that  only 
two  cleanings  were  necessary  for  the  season  instead  of  one 
every  two  or  three  weeks  with  saws  and  scythes. 

Progress  and  Cost  of  Cleaning  with  Harrow.-  On  cleaning 
moss  a  crew  averaged  1  mile  per  day  of  main  canal  and  1% 
miles  of  lateral.  The  main  canals  varied  from  20  to  25  ft. 
wide  on  the  water  line  and  the  laterals  8  to  10  ft.  A  crew 
for  moss  work  consisted  of  a  foreman,  two  teamsters  and 
teams,  who  worked  with  the  disk,  and  one  laborer,  who  was 
stationed  on  the  first  check  below  to  remove  floating  moss. 
It  is  believed  that  with  a  little  closer  co-operation  with  the 
farmers  this  last  man  will  not  be  needed. 

The  cost  per  day  of  the  above,  crew  was  $18.50  exclusive 
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of  overhead       The   average  cost   per   mile   with    the   di-k   for 

and   lateralE  Cutting   moss  by  liand 

per  mile  In  191  In  1921  for  one  cutting. 

in  working  with  the  dish?  observed  that   the  water 

the   point    where   the   machine   operated    was   h.-a\ iiy 

■Aitii  silt.    This  bui  :   much  cleaning  ol  the 

main  canals  might  he  dene  with  late  in  the  sr.ismi, 

possible  to  remove  .>n  checks  and  t" 

'...is  to  the  river  it.  He  quantity. 

ted  on  this  work  with  an   Interval  of 

mately  \  mile  between  them.    They  covered  on  the 

miles   per   day.      Sixti  •  D   and    three-fourths    mile 

red  in  this  work,  and  the  results  wen 

:han  had  been  expected  «a>  turned 

out  of  the   canals  a   careful   inspection   was   made,  and   ii    was 

found  that  tin.-.-  portions  of  canal  where  the  disks  bad  been 

good    shape    for   the    1923    water    season    without 

any  more  work.     It  was  roughly  estimated  that  it  would  nave 

remove    about    1". u     yd.   of   silt    from 

canals  covered  by  the  disks  if  they  had 
not  bei  On   this   basis   the   cost  of  removal  w. 

yard. 
Tb>-  [  to  thi    use  of  the  disk   is   that   it   tills 

orifice   pools   with   silt.     These   pools   have   to 
be  cleaned  at  times  in  an]   ca  serious 

•:. pared  with  the  saving  in  cost  of  silt  removal. 
The  Modified  Disk  Harrow.-  The  essential  difference  be- 
!  disk  and  the  ordinary  farm  disk  harrow 
is  in  the  steel  frame  which  connects  the  disks  to  the  draw- 
bar. It  consists  01  two  %  by  i-"-4  in.  steel  bars  bent  to  form 
a  semicircle  "  ft.  in  diameter  and  placed  one  above  the  other 
at  a  distance  of  about  4  in.  and  rigidly  bolted  together  at 
six  points.  A  horizontal  cross  brace,  consisting  of  a  1  , 
by  3  by  >4  in.  angle,  joins  the  ends  of  the  curved  bai 
heavy  tongue  or  draw  bar  about  8  ft.  long  and  shod  with  steel 
on  both  sides  is  fastened  at  one  end  to  the  center  of  the 
angle-iron  cross  brace.  This  tongue  works  between  the 
curved  bars  described  above  and  can  be  swung  to  several 
angles  and  bolted  rigidly  to  the  semicircular  part  of  the 
frame.  A  heavy  steel  ring  is  fastened  to  the  other  end  of 
the  tongue.  To  this  ring  two  %-in.  crucible-steel  cables  25 
ft.  in  length  are  attached  for  lateral  work,  or  two  50-ft.  cables 
are  used  on  the  main  canals.  The  disk  is  operated  by  a  team 
on  each  bank  hitched  to  one  of  these  cables.  By  adjusting 
the  angle  of  the  tongue  the  disks  may  be  made  to  travel 
on  either  side  of  the  canal  as  desired. 

•ty-inch  disks  are  used  on  7s-in  steel  shafts,  and  they 
are  so  attached  to  the  frame  that  the  cutting  angle  of  the 
disks  may  be  varied  as  desired.  By  the  use  of  different 
length  shafts  disks  may  be  added  or  taken  off  to  vary  the 
width  of  the  machine  according  to  the  size  of  the  canal.  The 
■  of  the  complete  machine  with  set  of  10  disks  is  41"  It*  —  . 
The   average   cost   of   two   machines,   complete,   except   for 

on  the  work  at  Burley. 

Comments   by    Project    Manager   Barry    Dibble. — We  are   at 

to   trj    a   -mailer  machine  with  two  disks 

use  in  our  smaller  laterals,  where  we  think 

itfit  will  do  excellent  work. 

The   Minidoka    Irrigation    District    has    been    using   one  of 

.  iring  the  pa  proposed  two 

modit..  h  Beem  to  have  merit    One  of  them  is  a 

fender  which  they  are  making  out  of  automobile  springs  and 

which  will  extend  just   beyond   the  outside  disks.     The  ma- 

chine  a-  it  has  been  built  sometimes  catches  on  obstructions 

bank,   BUCh   as   turn...'-       Ii    is   thought  that  with 

delay  on  this  account  will  be  avoided.     Where 
working  on   a  canal   bank   that  is   very  steep,  it 
limb    the    hank    in   order   to   clean   off   the 
berm   that  grow-    in   the   canal.     When    the   disk   is   usei 

nto   the  lower 

•     i    ■.  •  has  had  trouble  with  the  break- 

hsk    on    this    account      They   are    now    pro- 

ii    disk  inside  and  against  the  20-in.  disk  so 

difficulty 

inks  it    sometimes   rolls 
rder  to  I Ing  of  the  cable 

with  ■•  ■  d  i  in  the  chain  by 

which   • 

Mr  ii.  manager  of  the  Twin  Falls  Canal  Co., 

tates  that  on  I 

ng    has 
impossible   to   get 


water  into  the  farm  turnout-  without  putting  in  temporary 
checks     The  disk:;..  ii al  seems  to  loosen  the  bulbs 

from  which  the  "moss"  grows,  and  they  are  removed  from  the 
canal  when  the  moss  Is  thrown  out  In  this  way  after  a 
\.ar  or  two     tle>  moss   is   practically  eradicated  and   further 

disking  tor  thi.-  purposi    I   necessary  until  the  mo 

establishes  II 

In  the  discussion  at  the  Idaho  irrigation  congress  one  of 
tie     i  anil    company    man  i    thai    be    had    met    with 

rorking    the   canal    early    before    the 
moss   had  reached  a   length    In  18   In,     In   this   way 

the  moss  and  the  attached  bulbs  were  removed  before  they 
became  a  serious  obstruction  It  - 1 r i k i •  s  me  that  this  method 
of  handling  the  mo--  ha-  i  distinct  advantage,  bemuse  when 
it  is  small  it  will  neither  clog  the  disk  nor  require  any  labor 
to  throw  it  out  of  the  canal-,  as  it  can  be  allowed  to  pass 
through  th..  farm  turnout 

Tin-  disk,  howevei  nil  t..r  removing  silt  as  it  is 

tor  it  moving  moss,  and  obtain  Important  results 

in  1922 

A.  A.  E.  Emphasizes  Service  Policy 

Definite  policies  for  Improving  the  service  to  Isolated  mem- 
bers of  the  Amerii  on  of  l^ngiceers  were  an  im- 
portant  development  at  the  quarterly  meeting  of  the  board 
t  A  A.  E  on  March  24  and  25.  This  establish- 
ment of  policies  is  the  out  ome  of  several  months  of  discus- 
sion on  the  part  Ol  th  i  the  national  oflic 

The  outstanding  feature  of  the  new  recommended  service 
policj   i-  the  proposed  employment  of  several  field  secretaries. 
duties   shall  be   to  develop   the  employment  service, 
organize  new  units     n  old  units,  and  to  facilitate  co- 

operation between  the  various  chapters,  clubs  and  assemblies. 

Chief  among  service  features  of  A.  A.  E.  is  the  employment 
service  which,  although  it  established  an  enviable  record  of 
accomplishment  in  1921  when  notice  of  5,164  positions  open 
were  sent  to  members  and  2.751  members  placed  in  positions, 
has  only  begun  to  grow.  The  new  plan  of  the  board  calls  for 
greatly  extending  the  employment  service  to  make  it  more 
comprehensive  and  organizing  it  so  that  the  benefits  accruing 
may  be  more  available  for  members  residing  at  considerable 
distance  from  Chicago.  It  is  proposed  through  the  field 
secretaries  and  the  national  organization  to  make  a  deter- 
mined effort  to  rend,  t  service  to  large  groups,  such  as 
railroad,  federal,  practh  inn  and  engineers  in  public  service. 
The  funds  for  this  special  service  to  groups  are  to  be  derived 
from  fees  and  dm                      "om  the  entire  membership. 

To  the  end  that  this  Improved  service  may  be  accomplished 
at  as  early  a  date  as  possible,  the  National  Executive  Com- 
mittee was  directed  to  submit  a  budget  for  the  coming  year 
contemplating  such  and  improved  service  and  that 

the  National  Board  of  Directors  submit  such  a  plan  to  the 
annual  convention. 

Proposed  -amendment-    were   endorsed   favoring   the  estab- 
lishment of  several  departments  to  serve  groups  of  engineers 
which  represent  an]  cons  d  rahle  percentage  of  tin-  in 
ship,  provided  such  departments  are  placed  under  the  super- 
vision  of  the  National   Hoard  of  Directors. 

An   exhaustive  study   ol    11       plan  for  the  formation  ... 
tically  autonomous  dial  th  paid  starts  under  the  author- 

National  Headquarters,  will  be  made  in  the  next  few 
months  wiiii  ■  further  development  of  Quicker  and 

better  service  to  th.-  mei         -hip. 


Hydro-Electric    Progress  in    Canada    in    1921.— During    1921 

practically   300.000    HP  idded    to    the   Installed    water 

power  plants  in  Cans  Is  to  a  recent  report 
Dominion  Water  Power 

of  the  Interior.     Th-  Hi  contains  the  following  conv 

,    of   water   powei  lopment    in    Canada   and    the 

pupil  I 

■ 

iwer   installed   in   Canada   from 
1920  was  IE 


Annual   Convention   of   A.   A.    E.    in   June.     Tin-   8th    annual 
convention   of  1  '  Qgiueers    will 


be  held  at  Bait  Lake  City,  Dtah  on  .'une  5.  6  and  i 
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Action    of    Alkali    Salt    on    Portland 
Cement  Mortars 

Experiments  at   Minnesota  Laboratory  Summar- 
ized in  Paper  Presented  Feb.  23  Before  Minne- 
sota Surveyors'  and  Engineers'  Society 

Ry  DALTON  0.   MILLER, 

ix     Farm      S 

The  drain  tile  laboratory  at  University  Farm,  St.  Paul, 
Minn.  ;  atea  under  a  co-operative  agreement  of  the  De- 
nt of  Agriculture,  University  of  Minnesota,  Depart- 
ment of  Drainage  and  Waters,  State  of  Minnesota,  and  the 
d  States  Department  of  Agriculture.  Part  of  the  funds 
which  support  this  work  were  provided  by  a  special  act  Of 
Mate  Legislature  during  the  1920-1921  session  while 
about  an  equal  amount  is  provided  by  the  United  States 
Department  of  Agriculture. 

The  work  at  the  laboratory  can  properly  be  divided  Into 
service  work  and  research  work.  The  service  wort  con- 
sists of  making  physical  tests  of  drain  tile  submitted  by 
farmers,  engineers  and  tile  manufacturers,  the  testing  of 
aggregates  used  in  the  manufacture  of  concrete  tile  and  of 
analyzing  waters  submitted  by  engineers.  The  research 
work  consists  in  the  broadest  sense  of  studies  relating  to  the 
general  improvement  of  the  quality  of  drain  tile  and,  at  this 
time,  especially  of  means  looking  towards  the  manufacture 
of  a  concrete  tile  that  will  endure  under  all  soil  conditions. 

It  is  not  at  this  time  the  intention  to  go  into  the  details 
of  the  various  phases  of  research  work  now  under  way  in 
the  laboratory.  However,  it  is  believed  that  an  outline  of 
the  results  to  date  of  one  set  of  experiments  will  be  of 
considerable  interest.  These  experiments  consisted  of  mak- 
ing up  2  in.  x  4  in.  cement  mortar  cylinders  and  subjecting 
them  to  the  action  of  solutions  of  magnesium  sulphate,  which 
is  one  of  the  two  so-called  alkalies  commonly  found  in  the 
southwestern  part  of  the  state.  Two  different  types  of  cylin- 
ders were  made  in  one  of  which  Standard  Ottawa  sand  was 
used  and  in  the  other  a  Minnesota  sand  from  the  west  central 
part  of  the  state.  The  Minnesota  sand  used  was  screened 
through  a  20-mesh  and  retained  on  a  30-mesh  so  as  to  con- 
form in  this  respect  to  Standard  Ottawa.  The  sand  was 
washed  so  as  to  give  a  colormetric  test  of  2  or  better  on  the 
Abrams  Harder  Scale.  Before  screening  and  washing  the 
test  for  silt  and  clay  showed  0.76  per  cent  while  the  material 
retained  on  a  's-in.  screen  after  passing  a  %-in.  contained 
8.97  per  cent  of  shale  by  volume. 

Essential  Features  of  Test  Cylinders. — Briefly  summarized 
the  essential  details  of  these  cylinders  were  as  follows:  The 
cement  used  was  a  mixture  of  two  brands  in  common  use  in 
the  state.  After  mixing  the  cement  was  subjected  to  the 
A.  S.  T.  M.  standard  tests  and  met  all  requirements  Dis 
tilled  water  was  used  in  all  batches,  the  mix  was  1:3,  con- 
sistency normal,  and  the  cylinders  cured  22  hours  in  a  moist 
closet  and  20  days  in  distilled  water  before  immersion  in  the 
solutions.  The  cylinders  were  made  in  batches  ol  s  to  13  and 
one  from  each  batch  tested  for  compression  at  7  and  one  at 
28  days,  while  the  standard  drying  and  5  hours  boiling  test 
for  absorption  as  required  for  drain  tile  was  made  on  one 
cylinder  from  each  batch  at  21  days— the  age  when  immersed 
in  the  solutions. 

Results  of  Tensile  Tests.— Tensile  tests  were  made  on 
standard  briquettes  made  from  this  sand.  The  results  of 
these  tests   follow: 

TABLE  I—  STANDARD  OTTAU    \    SAND. 
(Pounds   per   square    Inch.) 
'i'"xl"  cylinders).       Tension  (standard  briquettes). 

cylinders.      7  days.        2S  days.       3  davs  .  lays. 

-11"  133  205 

Average  absorption  of  16  cvlin- 
dcrs  at  21  days.  7.6%. 
TABLE    n— MINNESOTA    SAND    SCREENED    20-30. 
(Pounds   per  square   inch.) 


Compression    (2"x4"  cylinders) 

N'o.    of 
cylinders.        7  davs.         2S  dav; 

O.         Lw  88°  1430' 

Strength 

ratio   0.42  n  18 

Average  absorption  of  7  cylindi 
at    21    (lavs.    15.9%. 


Tension  (stan d 


TABLE  III— PIT  RUN  MINNESOTA   SAND 
c  petm, is  per  square   Inch.) 
Stands  rd   Ottawa   sand  .Muni. 

i  da;  28  days.        ?.  days.         7  davs,        28    > 

214  151  2::v  319 

Strength 

.••v  1    II 

The  Minnesota  sand  cylinders  a-  mail,-  up  represent  essen- 
tially a  low  grade  concrete  as  Indicated  by  all  the  physical 
tests,  imt  the  fact  must  be  borne  m  mind  that  tiie  screening 
of  this  sand  is  unusual  so  that  in  this  respect  the  trength 
ratios  given  are  somewhat  misleading  and  the  following  re- 
sults of  tensile  tests  made  of  the  pit  run  material  passing 
a  %-in.  screen  gives  a  fairer  idea  of  the  general  qualm  ol 
the  sand  as  ordinarily  determined. 

When  the  cylinders  were  made  up  brass  screws  %-in.  long 
were   Inserted    in   the  center  of  the   top  and   bottom 
These  screws  were  put  in  place  three  or  four  hours  aft' 
cylinders   were  molded  and  were   set   in   neat  cement.     The 
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Fig.    1 — Changes    in    Length    of    Mortar    Cylinders    Immersed    in 
Magnesium  Sulphate  Solution. 

object  of  this  was  to  provide  means  whereby  measurements 
could  be  made  at  regular  intervals  between  the  heads  of  the 
screws  in  order  that  a  record  could  be  had  of  the  change  in 
length  of  the  specimens  after  immersion  in  the  sulphate 
waters. 

Swelling  of  Concrete  in  Presence  of  Sulphate  Waters. — 
Various  investigators  have  noted  that  disintegration  of  Port- 
land cement  concrete  in  the  presence  of  sulphate  waters  has 

I ii   accompanied   by   an   increase   in    volume   of  the   mass. 

This  fact  was  mentioned  by  the  writer  in  the  paper  before 
the  Minnesota  Society  a  year  ago  wherein  it  was  stated  that 
the  increase  in  volume  in  extreme  cases  of  failure  of  concrete 
tile  had  been  considerable  and  as  a  matter  of  fact  the  most 
outstanding  physical  feature  connected  with  these  failures 
was  this  swelling  of  the  concrete.  It  early  occurred  to  the 
writer  that  in  research  work  this  characteristic  might  be 
made  to  render  valuable  service  if  used  as  a  means  to  deter- 
mine in  a  recordable  manner  long  before  complete  failure  the 
deterioration  of  the  concrete,  for  with  such  a  means  at  hand 
the  possibilities  for  experimental  work,  looking  towards  the 
ultimate  solution  of  the  problem,  are  multiplied  many  times. 

The  results  of  the  first  set  of  a  series  of  experiments  along 
this  line  have  been  highly  gratifying  and,  while  there  is  no 
desire  at  this  time  to  attempt  to  draw  definite  conclusions 
from  one  set  of  experiments,  it  is  interesting  to  note  the 
remarkable  uniformity  with  which  the  action  has  progressed 
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and  cylinders  Immersed  In  the  i  per  cent, 

cent,  i  per  cenl  and  8  pei  cenl  solutions  ol  magnesium 

sulphate.     Tins  is  Indicated  l>>    Figure   1,  on   which   also   is 

shown  the  results  ol  measurements  ol  comparative  cylinders 

Immersed  in  distilled  water.    Bach  point  on  these  curvi 

•  the  average  ol  Ave  specimens  made  on  different  days 
^o  that  for  each  date  the  measurements  were  made  on  Ave 
days. 
The  solutions  have  been  hi  Id  .it  room  t< 

and,  as  Indicated  bj  thermograph  records,  there  have 

extreme  departures  from  thesi    figures     The  results 

ol  the   effects  ol  the  solutions   below    i    per   cenl    have   nol 

yet  been  plotted,  tor  so  far  ii  I   the  cylinders  In 

•  •  d  pronounced  than 

h.is  been  the  case  with  thos.>  In  the  richer  solutions.     This 

ol    course   was  as   would   t xpected      Wh.it    is   Important, 

though,  is  the  facl  thai  at  the  end  ol  28  days  the  chant 
the  Ottawa  sand  cylinders  have   been   very  slight   and  even 
the  cylinders   In   the  8   p  ilution   Bhow    an   b 

change  slightly   less  than  one  thousandth  ol  an  Inch   which 

is  only  about  one  thirtieth  as  great  as  has  i a  the  change 

of  the  Minnesota  Band  cylinders  In  the  same  strength  solu- 
tions. (See  Pig.  l.i  Now  when  the  difference  In  the  quality 
of  the  two  types  ol  cylinders,  as  indicated  bj  strength  and 
absorption  as  earlier  pointed  out,  is  considered  It  bei 
evident  that  in  this  case  at  least,  the  concrete  highi 
quality  has  host  withstood  the  deleterious  action  of  mag- 
■   Bulphate  and   th<  i  reason   to  belle'  ■ 

this  v.  ill  appl]   BS  "position. 


Use  of  Pneumatic  Hammers  and  Coal  Drills 
in  Installing  Service 
A   decided   saving   in   the   lost    ol   installing   services    was 
■  d   by  the   use  of  pneumatii    tools   In  some  tests   con- 
ducted recently  by  the  Brooklyn-Edison  Co.,  Brooklyn,  X.  Y. 
in  these  tests  'hipping  hammers  and  coal  drills  wen 

for  drilling   boles   under   the   sidewalk   from   the   cellar   to  curt 
in  the  service   pipe,  thus  doing  away   with  the  necessity   of 


Drill    Fitted    With    Extension    Bar    for    Final    Drilling    Operation. 

breaking  sidewalk  flags  and  excavating  as  would  be  the  case 

with    hand    methods. 

•  ■rding  to  the    report    ol   the   engineer   conducting   the 
avlng  based  on  actual  costs  for  drilling 

and  driving  pipe  for  53  services  was  $12.70  per  Bervice.    This 

amount  ived  on  pipe  installations  and 

the  labor,  trucking  and  material  Baved  on  sidewalk  repairs. 

Tio  ed  the  installation  of  .".:'.  services  requiring 

.    pipe     01   thl     total   1,006  ft    were  driven 

■    iin.it  i<     tools,   and    111    ft     were    laid    bj     hand    methods, 

•t.-r    work   Involving    opening     flags    and    excavating. 
•    on   i  he   Installation  of 
pipe  follow: 


■ 

■  i 


hand 

1,006 

444 

•|v 

The  pneni  i  ed  in  the  '• 

Boyei    'hipping   bammei 

New  York  panylng 

drilling    from 
itnry    to    Installing    the 

(86) 


Cuttlnq  Openlno  In  Basement  Brick  Wall  With  Chipping  Ham- 
mcr,  Through  Which  Drilling  Operations  Will  Be  Performed. 
Middle  View— Initial  Drilling  Operations  With  Air  Drill.  Bottom 
View— Second  Drilling  Operation.  Bore  Carried  to  a  Depth  of 
10  Ft. 
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Problems,  Progress  and  Prognostications  from  a  Half  Dozen 

Cities 

Varying  Conditions     Legislative  Limitations     Suggestions  for  Engineers 


St.   Paul    Engineer  Blames  Special  Assessment   System   for 
Stopping  Much  Work,  But  Has  Busy  Year  in  Prospect 

Acknowledging  receipt  oi  your  letter  relative  to  mun 
construction  which  has  been  held  in  abeyai 

It  Beema  thai  the  trouble  is  because  of  charter  or  legislative 

In  most  cases.    For  instance,  the  charter  ot  the 

si    Paul  requires  all  new  Improvement   work,  such  as 

Bewers,   grading,   paving  and   curbing,   shall    be   financed    by 

assessment  on   the   propertj    ben  ad   In   times 

i   gency   it    is   very   difficult    to   get    the   people 

i  ,i    bj    proposed   Improvements   to   acquiesce    in   having 

the  work  done.    We  find  that  there  is  no  trouble  in  getting 

their  consent  In  cases  where  they  do  not  have  to  pay  tor  it. 

tmt   such  instances  are  very  rare. 

The  partial  cessation  of  building  activities,  combined  with 
the  high  cost  of  improvements,  has  reduced  the  demand  for 
Btreet  Improvements  in  new  districts  to  almost  nil.  Improve- 
ments in  the  more  settled  districts  have  gone  forwan 
much  as  usual  and  the  present  indication  is.  from  our  point 
of  view,  that  the  pendulum  is  swinging  the  other  wa}  ami  we 
expect  a  very  busy  year  in  all  lines  of  construction   work 

J.  E.  CARROLL, 
st    Paul,  Minn.  Assistant  Chief  Engineer, 


Lack  of  Funds  Limits  Work  at  Mansfield,  Ohio,  and  Legisla- 
ture Fails  to   Improve  Conditions. 

I  have  read  with  interest  your  editorial  and  letters  in  the 
March  issue  pertaining  to  municipal  improvements,  and  will 
try  to  explain  why  we  cannot  undertake  any  municipal  im- 
provements which  will  place  any  cost  on  general  taxes  You 
will  find  this  an  average  condition  in  Ohio  cities  generally. 

This  city  pays  in  general  taxes  this  year  approximate^ 
$900,000.  The  county,  state,  township  and  schools  take  out 
a  certain  per  cent  first  and  we  receive  what  is  left,  ami  there 
t'ore  have  HO.onn  for  operating  expenses  for  the  coming  year, 

Any  interest  for  city  bonds  would  have  to  come  out  of  this 
money  indirectly.  Now  our  street  lights  alone  cost  $25,000 
per  year,  and   you  can   draw    your  own   conclusions. 

The  state  legislature  has  worked  (?(  for  about  four  years 
to  give  relief,  even  sitting  in  special  sessions  with  the  mar- 
velous result  of  passing  some  laws  that  make  it  more  diffi- 
cult to  operate  on  what  we  receive,  so  that  now  it  is  a  fairly 
bet  that  the  majority  of  cities  in  this  state  will  have 
to  operate  illegally  after  June  or  quit  entirely. 

W.  r.  STATLER,  City  Engineei 

Mansfield,  Ohio 

Consistent  Progress  in  Walks  and  Pavements  Marks  Past 
10  Years  at  Fall  River 
The  following  figures  show  some  of  the  items  of  highway 
construction  work  by  this  city  for  the  past  l11  years  from 
them  you  ma\  be  able  to  deduce  the  information  requested 
by  your  letter  of  March  11: 

Granolithic 

valks.  Sewers  Paving.       I   I 

Sq.  yds.  Miles.  Sq.  yds. 

.   20.M2  1.263  16.126  111 

I'M  21.S22  J, niu'  I  Id 

J9M    25.701  2>-2.-,  11,963  a  09 

32,086  2.124  54.209  3.94 

'''16    10.620  2.098  77.567 

1;"~     28.436  1.268  80.35*  3.82 

3.710  0.36*  II  0.13 

'Ji9    28.321  1.024  136. S63  4.57 

23.406  1.050  IIS. 015 

1.7*:.  155.658  >;  r.i 

ALBERT   WOLSTENHOLME. 
City   Engineer. 
By  Walter  E.  Noble,  Assistant  City  Engineer. 
Fall  River.  Mass. 

Maintenance  and  Legislative  Limitations  Constitute  Main 
Difficulties  at  Fargo. 
Your  editorial  in  the  March  8  issue  of  Engineering  and 
Contracting  came  to  my  attention  just  as  I  succeeded  in  get- 
ting the  Board  of  Commissioners  to  approve  plans  and  specifi- 
cations for  $25,000  worth  of  water  main  work.  There  was 
considerable  objection  raised  to  doing  the  work  at  this  time 


as  ii   con  i  i     entirely  of  replacing  existing   mains  thai 
either  In  a  leakj  condition  or  beyond  repair  ami  of  too  small 

Our  main  difficulty,  however,  is  nol  with  new  construction, 

but  with  maintenance  Nearlj  ail  public  work  is  paid  toi 
bj  special  assessment  of  the  property  benefited  ami  is  not 
paid  for  by  general  taxation,  but  the  various  department  ex 
i»'mms  are  paid  for  out  of  the  department  budgets,  which 
are  effective  from  Sept.  1  to  Sept.  1.  \  legislative  act  (Non- 
partisan) passed  March.  1921,  limits  the  total  amount  ol  taxe 
levied  to  one  third  the  total  combined  levies  which  were 
made  for  the  years  1918.  191**  and  1920,  and  provides  [or  a 
further  increase  each  year  in  the  same  proportion  as  the 
assessed  property  valuation  increases  or  has   Increased  ovei 

thai    of    the    year    1919.      In    1919    the    assessed    valuation    was 

approximately  $23,000,000,  while  in  192]  this  figure  has  been 
raised  to  about  $25,000,000.  From  this  it  is  seen  that  the  city 
is  forced  to  operate  most  economical^  in  order  to  keep  within 
the  tax  limit.  The  history  of  this  tax  levy  act  might  prove 
Interesting   material    for   an    article. 

Under  the  present  program  we  will  lay  about  15,000  sq. 
yd.  of  paving  and  make  changes  in  our  water  purification 
plant  amounting  to  about  $40,000.  This  latter  work  will  be 
done   bj    day   labor  under  the   writer's  supervision. 

ROBERT  T.  JACOBSEN, 

I '.ii  go,   N.   Dak.  city    Engineer. 


Paving  in  Arrears:  Water  Plant  Well  Maintained  at  Helena 
During  Past  5  or  6  Years. 

Five  or  six  years  ago  our  plans  for  street  improvements 
were  well  under  way.  hut  for  the  last  four  years  there  has 
been  no  paving  done,  principally  on  account  of  excessive  cost 
of  labor  and  materials. 

Our  water  supply  has  been  kepi  up  in  good  condition,  hav- 
ing  spent    during  1920   $150,000  and   $200,000   during  1921. 

The  paving  problem  should  be  solved  by  making  provisions 
tor  extensive  construction  during  the  next  two  or  three  years. 

At  the  present  time  very  little  is  being  done  to  insure  the 
carrying  out  of  any  extensive  improvement  plans. 

A  considerable  reduction  in  the  price  of  cement,  and 
bituminous  products  and  the  stabilizing  of  labor  conditions 
would  help  to  bring  a  general  resumption  of  municipal  coii 
struction.  a.   E.    CUMMING,    Citj     Engr 

Helena,  Mont. 

Freedom  from  Politics  Gives  Power  to  Hartford's  Department 
of   Engineering. 

The  Department  of  Engineering  of  the  city  of  Hartford 
enjoys  the  unique  distinction  of  being  absolutely  removed 
from  politics.  This  fact.  I  believe,  more  than  any  other  ac- 
counts fundamentally  for  the  position  of  trust  and  respect 
which  the  department  holds  in  the  community. 

The  City  Engineer  acts  as  adviser  and  may  be  consulted 
by  all  other  city  departments,  boards  and  committees  and 
Citizens,  and  therefore  plays  an  important  part  in  formula! 
Ing  the  policies  of  the  city.  The  press  makes  a  practice  of 
interviewing  the  City  Engineer  and  of  quoting  him  relative 
io  many  matters  of  public  interest.  Under  these  conditions 
it  seems  to  me  that  the  citizens  are  getting  the  advantage  of 
engineering  counsel  and  advice  in  a  manner  that  perhaps 
cannot  be  improved  upon. 

It  is  becoming  the  practice  more  and  more  to  fill  city  and 
state  positions  with  engineers  and  the  results  of  this  prac- 
tice is  apparent. 

I  have  sat  in  with  engineering  bodies  and  listened  to  sug- 
gestions and  schemes  whereby  the  society  would  take  upon 
itself  the  responsibility  of  passing  on  all  important  matters 
which  are  before  the  people  and  of  influencing  public  opinion. 
It  sounds  very  well,  but  I  doubt  if  any  such  scheme  can  be 
carried  out  and  continue  to  work  successfully  for  any  con- 
siderable time.  I  feel  that  matters  outside  of  local  engineer- 
ing problems  can  be  left  to  the  individual  as  a  free  thinker 
and  that  engineers  as  individuals  in  their  daily  walks  of  life 
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compllsb  as   much   got  d 
understood 

it   certainly   could   do   no   barm  ig    meetings 

aider  quest  te   the   mem- 

the  condition  i>f  an.,  dutj  as  pro- 

nal    membei  ..    report    In    the 

of  tin    <l«»i 1 1 -  ■   i,  .-i  that  the  bo< 

ihould  not  go,  .it  li  tter. 

II  municipal  and   Btati  rtmenta  could  all 

eed  trom  political  intln ;es  i  .mi  sure  that   the  work 

■  miiii   be   in.!  and   that 

would                      use  of  the  fact  that  he  would  be  h 

think  and  Bpeah  his  mind  freelj   and  fearlessly. 

I;   .1    i;  \s- ,   u  ■ :    Cltj   Engim 
Hartford,  Conn. 

What  Baltimore  Is  Doing  in  the  Way  of  Public  Work 

Tin-  accompanying  tabulated  statement   Bbows  the  amount 
pent  mi  construction  bj    Bve  ol   the  principal  de 
partmentB  ol   the  city,  also  the   total  amount   spent   for  the 
ron    I'll  to  1921  Inclusive,  as  well  aa  the  total  appro- 
priations available  I  I'.C" 

S'DITUKES   i 

Total 
and 

■  1 1  y . 

- 

:    ! 

M0.84S.298  ?!•  M3  $3,077,197  $3,958,286  $225,412,068 

6.790.000      73.000.000 

The  paving  commission  has  It  nearly 

completed   and   thej    expect    to  construct    150,000   sq.   yd.   of 
e    this  year. 
The  Bewer  division  has  its  plans  nearly  completed  tor  the 
]  large  districts  which  will  soon  be  placed 
contract     They  will  also  acquire  a  number  of  private 
and  connect  them  up  with  their  main  system. 
The  year  1921   has  b<  a   the  history 

nt  the  water  department      During  the  year  the  city  acquired 
i  private  water  companii  I   ol   about   $3,000,- 

000     Thej   also  made  a  record  in  the  amount  nt  new  water 
mains   laid.     During    the   year   thej    put    under   constrt 
the  raising  of  the   Lock   Raven    Ham   from   an   elevation  of 
188  ft.  to  240  ft  :  this  dam  will  be  completed  during  the  present 
year. 

In  connection  With  the  raising  of  the  Lock  Raven  Dam.  tin- 
city  of  Baltimore  has  acquired  the  cotton  mills  at  Warren 
anil  I'hoenix,  at  a  cost  of  $1,000,000.  and  the  acquisition  of 
other  property  that  will  he  submerged  will  cost  half  a  million 
In  the  neighborhood  of  Phoenix  the  Northern  Cen 
tral   Railroad   Will   he  raised   at    a   COBl   ol   approximately   $250,- 

There  are  several  highway  bridges  to  be  built  and  about 
niles  of  Improved  roads.     Winn  the  dam  is  completed 
there  will  be  about  2,500  acres  ol  land  submerged  and 
00   gal.  of  water  Impounded. 
The   Bcbool    program   for   this    year   will    probablj    go    tar 
■  anything  in  the  history  ol  Baltimori       u  the  pi 

•  ...I  building  is  ondi  I  Ion  and  the 

for    11    others    ate    in    the    hands    of    the   architects    and 

will  bi  and  read]   for  occupancy  during  tin 

b<  i  ii    appropriated    for 
•  pair       While  ' '  lent  to  do  all  the  repair 

work    I  I    will    en   a    1 

In  our  schools. 

the  In- 
ii  the  construction 
iiwi-llitiL'  houses  and  200 

relieving  unemployment  the  city  arranged 

bj    employing  the   men 


were  needed,  those  needing  help  the  most   were  put  at  work, 
smce  the  organisation  ol  this  bureau  on  Oct   10,  1921, 
men  were  registered;   2,710  were  found  en  md  ol 

these  nearl]    1,000  were  given  work  bj   the  different  i   • 

partments.     \t  the  present  I th<    bureau  le  unable  to  nil 

.ill  the  requests  for  laboi  s.  i.   KBHLER, 

\ssociate   Civil    Bngini  I  I 


Prevention  of  Electrolysis  Troubles  in 
Water   Mains 


Electrolytic   Problems  and   Methods  of  Mitigating 

Them    Discussed    in    Paper    Before    California 

Section  American  Waterworks  Association 

B]    E    B    STEWART, 

Methods  of  Reducing  Damage  to  Pipes. — in  an  effort  to 
reduce  or  eliminate  damagi  to  pipe  systems  due  to  stray 
earth  currents,  a  great  manj    methods  are  li 

Those  methods  which  are  commonlj   used  are:    (1)  Surface 

insulation   of   pipes;    (2)    lusulating   Jo 

ems. 

Experience  has  shown  thai  painting  or  otherwise  Insulating 
the  surface  ol   pipe  treated   paint 

atisfactor]  result     In  an  i        "'re  the  pipes  are  carrying 
a   large  amount  of  curi  i 

The  primary  reason  tor  fallun  Ol  paints  under  this  con- 
dition lies  in  the  fail  that  none  of  the  paints 
know,  are  absolutely  Impervious  to  moisture.  Consequently,  as 
moisture  deti  i  i  the  paint  becomes  more  con- 
ducting for  electric  cui  in  atlon  of 
•  less  gas  beneath  He                    i  ureases 

in  amount   and  expands,   the   coating   is   ruptured,   after   which 
the  current   How    is  greatlj    Increased  at   the  point  of  I 
down  resulting  in  rapid  corrosion  of  the  p 

Pipe     Drainage     System     of     Electrolysis     Mitigation. — The 

Bystem  of  electrolysis  mitigation  which  is  most  generally  used 

pipe  drainac  I  ins  system  d   in  a 

1    ol   tonus,  the  pi  no  ip.il  ones   being   . 

1.  \\  here  direct  ties  w  itii    n    i 

underground  pipes  and  rails 

2.  Where  uninsulated  i  ,  tlOVD  the 
ii.  gat  i\e  bus  to  the  pipes 

::.  Where  ...  run   from 

the  negative  bus  to  underground  pipes  with  resistance  taps 
taken  off  at  intermedial.    ; 

Of  these  systems  tin    simplest   and   lea  I   extensive 

is  that  of  placing  direct   tap-   |,.  the  pipi  S  in  lie    positive  zone. 
line  difficulty  of  this  system   of   multiple  taps   lies   in   thi 
that  the  drop  of  potential  on  the  pipes  is  always  equal  to  the 
potential  of  thp  tracks.    In  oiler   words,   if  the  rails  cat 
nl   oi  current,  a   heavj    current   will  also  bi 
duced   in  the  pipes;   and   in   case   high   resistanci 
encountered    a    large   amount    of   current    will   cause    heavj 
thi                 ind   cans,    rapid  destruction   to  tie 
a   broken   bond   in   the   ti 
amount  of  current  will  I nsiderably  Increased. 

The    primary   Object    Ol  bj     means    of    uninsulated 

ami  insulated   negative   '  ins  is  to  keep  thi 

drainage  system  entire) 3    independent  of  the  tracks  so  thai 

i  lie    (low    of    current    aiound    had    joints    in    the   pipes    will    lie 
i  ious. 

Fundamentally,    this    sv   tem    consists    of    running    i 

cablei    t the  ii.:  lei  with  the  pipe  and  tap 

I  he  pipe  ai  frequent  Intervals. 

Bj  the  use  of  resistance  taps  tie-  current  can  1 ntrolled 

i.  that   an  equal  distribution   ol   current    is  drawn  from   the 

|        In  this  waj     ■   h.ii.T  distribution  of  the  current 

in  the  pipe  system  can  he  secured  and  heavy  current  on   the 

i  any  point  can  t..  .,  , .  rtain  extent  he  avoided, 
the  same  i  in  ii  •  minimum  I 

Another  method  of  ige  i  j   tem  Is  that  of  .  a 

■    del'     rallies      Hem      |  he      1 1  e  e ;,  |  j  \  ,.      |  ,,    ,,e      ),, 

the  pipe  at  frequent   Intervals     in  this  case  the 

lat  p  amount  ol  >  iirrent  win 

(low   over  thi  ",,,  each  tap  and  thereby    produca  ■ 

minimum  drop  ol  potential  between  points  at  which  thi 

an    coin 
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.    systems   In   general   practici  .Mom 

employed  in  the  manner  as  outlined  abi  I    i    most  common 

practice  is  to  run  .1  copper  wire  or  1  gative 

bus  or  from  the  negative  return  teed  Ipe     In  many 

cases  pipes  are  connected  to  th<    rail  1  on   and 

often,  connections  are  made  to  the  1 
[ble  distance  Erom  the   itatlon. 
From  a   personal  Btudy  of  the  pipe  di  tems,  1  am 

1  ed  that,  while  it  can,  under  certain  conditions,  be  111  ed 
to  advantage  as  a  secondary  means  of  li  ssening  trouble,  its 
Installation  in  large  eitj  waterworks  ,1  pal  means  of 

ation   is  an  unw  ise   proo  rhen      n 

1  s .  , .  rtain  special  cases  «  here  thi    p  1    metfa 

[1  give  fairly  good  results.   This  applii     particular^   to 
..here  the  pipe  netw.  mall.    Under 

ondition,  limited  drainage  maj   ins  of 

with  the  problem,  provided  there   1     no  appreciable 
ge  of  current  from  the  rails  at  remote  points  from   the 
power  slat  ion. 

Disadvantages  of  Bonding  to  Rails  at  Points  Remote  from 
Power  Station. — Bonding  to  the  rails  at  remote  points  from 
the  power  station  is  out  of  the  question  and  should  not  be 
ted  to.  As  an  illustration  of  the  disadvantage  of  this 
system,  we  have  a  case  where  the  pipe  line  crosses  und< 
rails  at  a  point  2. 900  ft.  from  the  power  house.  The  reason 
for  placing  a  bond  at  this  point  was  obviously  due  to  the  fact 
that  tests  with  an  indicating  meter  showed  the  pipe  to  be  of 
positive  potential  to  the  rail,  and  the  conclusion  arrived  at, 
therefore,  was  that  lowering  the  potential  between  t lie  pipe 
and  rail  would  relieve  the  pipe  from  electrolytic  corrosion. 
Shortly  after  placing  the  bond  to  the  rails  at  this  point, 
trouble  began  to  develop  very  close  to  the  point  where  the 
bond  was  connected.  No  account,  however,  was  taken  0 
potential  of  the  rails  with  respect  to  the  earth  and  also  the 
reversal  of  current  flow  from  the  rails  to  the  pipes  during 
certain  changes  in  the  load  distribution.  The  rails  at  such 
distances  from  the  power  stations  are  generally  always  of 
positive  potential  to  the  earth.  It  is  therefore  clear  thai  while 
the  bond  has  removed  the  discharge  of  current  from  the  pipe 
to  the  rails,  the  pipe  is  still  positive  to  the  earth,  i.e.,  the  pipe 
is  of  the  same  potential  to  the  earth  as  the  rail  by  reason  of 
the  bond  connection.  Hence  the  increase  of  current  over  the 
bond  produces  a  heavy  discharge  of  current  into  the  earth 
Causing  destruction  in  a  short  period  of  time. 

To  mitigate  a  condition  of  this  character  involves  consider- 
able expense  regardless  of  which  plan  is  to  be  employed.  To 
attempt  to  correct  this  trouble  by  the  proper  drainage  meth- 
ods would  not  only  be  costly  but  rather  uncertain,  especially 
without  certain  remedial  measures  to  be  taken  by  the  railway 
people.  Fundamentally  a  drainage  wire  to  accomplish  the 
desired  results  in  this  case  must  be  connected  verj  close  to 
the  power  station  which  would  result  in  considerably  more 
current  being  drained  from  the  pipe,  and  perhaps  the  increase 
in  drainage  would  be  of  such  magnitude  as  to  produce 
or  no  change  in  the  potential  readings  at  the  rails,  hence 
there  would  be  no  benefit  derived  from  this  plan.  In  other 
words,  the  closer  the  drainage  wire  is  connected  to  the  sta- 
tion, the  amount  of  current  picked  up  from  the  earth  will 
increase  in  like  proportions.  And  in  long  drainage  wires  the 
size  of  the  wire  would  necessarily  have  to  be  very  lai 
order  to  maintain  a  drop  of  lower  potential  than  the  rs 

I  believe  thai  the  most  safe  and  economical  plan  to  mitigate 
of  this  character  would  be  to  enclose  the  pipi 
wooden  conduit  and  to  fill  it  with  insulating  compound.  While 
this  plan  is  costly,  it  serves  a  double  purpose,  i.  e  the  trouble 
is  not  only  corrected  at  the  rail,  but  trouble  is  also  minimized 
to  a  certain  degree,  at  points  remote  from  the  rails  due  to 
the  fact  that  insulating  the  pipe  will  cause  a  smaller  amount 
of  current  to  accumulate  on  the  pipe  in  outlying 

Another  case  of  somewhat  similar  nature  is  where  ihe  pipe 
runs  parallel  with  the  rails  and  is  connected  by  a  drainage 
wire  to  the  negative  bus.  This  pipe  is  seriously  affected  at 
a  remote  point  where  the  pipe  crosses  and  runs  in  very  close 
proximity  to  the  rails. 

To  mitigate  this  case  by  the  drainage  method  would 
necessitate  extending  an  insulated  drainage  wire  from  the 
negative  bus  to  a  point  in  the  affected  area.  This  plan  would 
meet  with  the  same  objections  as  in  the  previous  case. 

Objections  to  Pipe  Drainage  System. — One  of  the  objections 
to  the  pipe  drainage  system,  and  this  applies  to  all  methods 
that   a-re  in   practice,   is   the   fact   that   they   are   designed   to 


relieve  the  symptoms  and  cio  little  or  nothing  towards  remov- 
ing the  cause  of  the  trouble. 

\      e 1     objection   to   pipe   drainage   is   to   be   found   in   the 

Interchange  ol   current    between    underground     tructures,  re- 

sulting  from  unequal  drainage     Thi    dralnai  e  1 

of  pipes  will  of  course  lowei   il     potential  with  respect  to  the 

neighboring   metallic    structures,    tl tending    to    li 

the    latter.    This    in   turn   calls   tor   drainage    ol    the    injured 
1   1,1,1.  which  maj  damage  the  first  or  other  structures,  and 

-  on  oepiont  i\    .1    ■    iei com]  'i  iblished. 

This  competitive  system  of  drainage  requin  constant 
watching,  as  changes  ami  extensions  to  the  system  will 
establish  added  points  or  hazard  to  the  Bystem. 

Another  difficulty  lies  in  the  facl  that  structures  owned  by 

different   Interests  cannot    be  bonded   together  except    by  an 

M.  nt    between   the   owners.    This   verj    often    of    itself 

makes  it  impossible  lo  appl\  a  Comprehensive  drainage  sys- 
inii  to  all  structures,  because  of  Ihe  impossibility    of  obtaining 

an  agreement   of  all   owners   to  alloy    connections   to   their 

structures   except    on    condition    thai    anothei     i  11 1  ■  -1  ■     1      1      

the  liability  for  any  [njurj  which  maj  n  ult  from  such 
connections. 

in   the  early  stages  of  the   practical    working   ou he 

drainage   system,   the   effect   of   its   application    is    apparently 
beneficial,  reducing   danger   in    positive   areas    more    than    it 
1   es  it  elsewhere. 

\    the  system  grows,  the  load  m<  reases;  1 "e  and  heavier 

bonds  become  necessary  and  the  current  In  the  pipes  may 
become  so  great  thai  any  further  extension  nage  will 

i  1  1  ome  a  menace  to  the  system.  It  is  largely  due  to  ihis.  slow 
and  obscure  manner  in  which  trouble  develops  that  has 
caused  this  method  to  be  so  widely  used.  That  is,  the  placing 
of  additional  bonds  between  pipes  transfers  the  trouble  from 
where  it  has  been  most  evident  to  a  new  location,  where  it 
in;n  require  several  years  to  manifest  itself  anew.  Hence 
the  intervening  lull  which  creates  a  favorable  Impression  is 
ometimes  difficult  to  dispel  even  when  trouble  later  occurs 

Another  disadvantage  of  the  drainage  system  is  that  phase 
of  electrolysis  of  water  pipes  which  is  caused  bj  overdrainage 
of  underground  cable  systems. 

Pipes  as  a  rule  are  much  closer  to  cable  conduits  in  the 
ground  than  they  are  to  rails.  In  many  cases  they  arc.  but  a 
few  inches  apart,  and  in  some  rases  real  directly  against  the 
conduit.  Under  such  conditions,  where  both  metals  are  in 
wet  soil,  a  low  difference  of  potential,  say  a  few  tenths  of  a 
volt,  is  often  sufficient  to  carry  current  and  to  cause  damage 
to   main   or   service  pipe. 

It  is  a  most  difficult  matter  to  insulate  underground  cables 
even  with  the  most  improved  type  of  conduits,  so  as  to  pre- 
vent current  flowing  from  pipes  into  them,  especially  when 
thej  are  near  points  where  the  cables  arc.  bonded  to  railway 
negatives. 

The  natural  attraction  for  current  flowing  upon  water  or 
gas  mains  is  directly  to  the  conduit,  either  from  the  mains  or 
services.    This   is  the  case  also  with  hydrant    branches  and 

pipes    that    pass    into    side    streets.     In    other    words,    the   cable 

conduit  threads  its  way  between  gas  and  water  services  as 
ihe\   pass  into  buildings  along  a  street 

Damage  to  Pipes  on  Streets  Where  There  Are  No  Tracks. — 
It  happens  often  that  pipes  are  damaged  upon  streets  where 
there  are  no  tracks.  As  a  matter  of  fact,  ihe  tracks  have 
nothing  to  do  with  this  feature  of  electrolysis.  In  one  case 
a  number  of  services  -..il  found  10  be  leaking,  inves 
tigation  developed  that  a   cable  conduit    passed  directly   under 

them.  The  services  were  one-tenth  of  a  volt  positive  to  the 
1  abbs.  In  this  case  the  soil  was  wet  clay  and  the  nearness 
of  pipe  to  the  conduit  made-  up  for  the  comparatively  low 
potent  ial  to  destroy   Ihe  pipe. 

This  phase  of  electrolysis.  Hen  fore,  shows  the  necessity 

of   conducting   tests    between    pipes    and    underground    cable 

ystems.    Ordinarily  this   phase  of  electrolysis   would   not   be 

suspected,   as   tests   between    piping   systems    and   rails   would 

not  indicate  thai  such  damage  was  Loing  on. 

In  laying  service  pipes,  it  is  advisable  to  keep  the  pipes  as 
far  away  from  cable  conduits  as  it  is  possible  to  do  so,  because 
there  is  no  toiling  bow  the  currents  will  flow  along  the  pipes 
ami  past   cm  of  them  at  any  in  point,  and  generally 

the  point  which  is  nearest  the  conduit  is  where  the  most  of 
the  current  will  pass,  but  if  it  is  wet  clay,  then  a  sufficient 
nt  oi  current  may  pass  to  cause  electrolysis  corrosion. 

Inrulating  Joints  as  Mitigative  Measure. — The  most  valuable 
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niit it:;i •  that   can   be  applied   to   pipe 

isists  in  the  proper  use  of  Insulating  Joints.    We 

■I rtenalve  use  of  Bncb  joints  should  be  encouraged 

work  and  iii  making  repairs. 

man}  who  criticize  this  method  trom  the  stand 
that   current    will   flow   around    the   Joint    and    cause 
;  th<   pipe  "ii  the  pomp  it  i- 

qulte  true  thai  trouble  ol  tins  charactei  will  arise  and 
destruction  ol  the  pipe,  provided  the  Joints  are  Indiscriml 
nately  placed  without  regard  to  their  frequency,  the  kind  ol 
Joints  best  suited  t<>  certain  conditions,  and  the  complication 
arising  from  the  presence  of  other  pipe  systems  not  so  In- 
All  of  these  are  Important  factors  and  must  be 
carefullj  taken  Into  consideration  II  adequate  protection  Is 
ecured.  it  should  be  Further  understood  that  Insulating 
joints  should  he  considered  as  an  auxiliary  In  connection  with 
and  supplementary  to  measures  i<.  be  applied  to  railwaj 
return  Bystems  tor  reducing  stray  currents  to  the  lowest 
possible  minimum,  while  it  is  not  always  possible  to  reduce 
economically  stray  current  trom  the  rails,  it  is  nevertheless 
advisable  to  obtain  data  to  show    .1   fairlj    good    Idea   of  the 

nature  and   extent    of  stray   current    trom   the    tracks. 

\s  a  general  rule  where  a  pipe  line  is  laid  with  about  everj 

fourth  or  fifth   joint    an    Insulating   joint,    the   line   has   sncli    a 

high  electrical  resistance  that  no  measurable  current  (lows 
on  the  line,  although  considerable  current  ovists  in  the  earth 

parallel  to  the  pipe  line. 

Placing  Insulating  joints  at  too  infrequent  intervals  is 
probably  responsible   for  a    good   deal    ol    disfavor    of     this 

D     Obviously   ii  the  joints  are  placed   far  apart,  the  long 

stretch  of  Intervening  pipe  may  pick  up  considerable  current 
Since  this  current  must  flow  out  of  the  pipe  as  it  approaches 
the  Insulating  joint,  serious  electrolytic  corrosion  may  occur 
on  the  pOBltlVt  Bide  of  the  joint.  The  more  frequent  the  joints 
are  placi  damage  will  occur  from  this  source 

In  these  installations  we  tind  that  it  is  necessary  to  install 
such  Insulating  joints  not  only  in  the  positive  are. is  but  also 
in  the  I  as   where  considerable  current  in  the  earth 

parallel   to  the   pipe  I 

In  connection  with  the  installation  of  Insulating  joints  on 
wrought  iron  and  steel  pipe-,  it  lias  been  found  necessary  to 
-•■  the  length  Of  the  joint  by  surrounding  the  joint  anil 
pipe  with  a  wood  box.  leaving  a  space  inside  to  be  tilled  with 
insulating  compound.  The  length  of  the  boxes  depends  upon 
the  resistance  and  amount  of  current  in  the  soil. 

EnclOBing  insulating  joints  does  not  materially,  increase  the 
but    a    bum    insulating   joint    gives   a 

more  even  distribution  of  leakage  current  than  a  short  joint. 
dating  joint,  therefore,  is  to  be  preferred    when 
Is  considerable  potential  across  the  joint  or  where  the 
1    the  surrounding  soil    is   very  low. 
In   a  number  of  installations  we   found   considerable  current 
to  flow  around  the  join'-,  due  to  service  pipes  being   in   phys 
services  at    the   bouses.    This  trouble 
orrected   by   inserting   an   insulation  joint   at   the   service 
■ 
In  some  cases,  however,  it   was   found  necessary   to   install 
dating    joint    in    the    service    at     the    main    and    also    a 
,>    joint    at    tin-    meter      Tin-    c-sirv    local  ion    ..< 

must    be    determl I    from    the    results    of   electrical 

We  tind  the  Banged  type  ol  joint  the  most  desirable  and 
economical  joint  to  be  used  on  wrought  iron  and  steel  pipes. 
This  Insulating  joint  has  been  made  up  of  a  disc  insulating 
material     between    the  and     placing 

insulating    washers    under    the    bolt    heads    and    nuts.     Ited    or 

Das     most     commonly     1 11     used     for     insulating 

:  ial. 
For  oast    iron    water   mams    with    bell    ami    spigot    joints    we 
use  a  short  wooden   ring  between   the   inside  of  the  bell  and 

the    rnd    Of    the    Spigot    to    prevent    metallic    COntaCt    between    the 

pipe  lengths,  and   then    we  caulk   the  joints    with   cement     Tin' 

1  mi  of  tin-  pip.    wai    rt  moved 

We  find  that  the  current   in  the  pipe  is  considerably  reduced 
lolntB.     Thin,   however,   doe-    not    in   all 

pipe  by   waj  01    wlnie  It  Is  1 

Other    conducting    structures    or    when    there     Is 

leakage  trom  another  transverse  pipe 

working    out    of    the    \  >•  ms    of 

the  condition-  ..I  tin-  rail 


.,!.■  11  uallj   Ignored.    1  believe  that  a  mi  n    logical  and,  at  the 
same  tune,  effective  and  economical  procedure  to  bandle  the 

problem  Is  tirst  to  obtain  a  general  working  knowledge  of  the 

railway    systems,    that    is.    a    knowledge    concerning    the    load 

factors  ot  the  various  power  stations,  the  operating  time  of 

and  a  general   know  ledge  of  the  leakage  currents 

from  lie    rails     Prom  ■■nun  electrical  tests  it  is  possible  to 
calculate  the   probable  distnbiiti i    the   leakage  currents 

trom    tic    rails    and    to    locatt     the    places    where    there    is    a 

probability  ot  electrolj  1 1<  - 

In    order    to    obtain    sin  h    Information    with    any    dee 

accuracy,  it  is  unite  necessary  that  co-operation  exist  between 
llway  companies  ami  owners  ol  underground  utllit 


Industrial   Notes 

The  Combustion  Engineering  Corporation,  New    Vork,  announces 
■  ulna  .a   a   new    brai  lb  .    at    1 187     luardlan 

111  tx  i.  •    ■  i    Prank   Hendi 


he   ap- 

-    ol    Hi.    PH  tsburgh  office 

I    will   i"    in  ■  harg     of  all 

1        iburgh 

■  lei    engineering   sen  Ice  on   powei 

dllng    problem  it    Co 

al   handling  equipment    foi    all   m- 

ompanj  ifacl  ut  ed   under 

Ward    Equipment    Co     "i     Plttl 

Co    thi 


The   Chain    Belt   Co.,    Mllwau 
pointmenl   ol  ' ;.   v.   81 
nlon   Arcade 
pany's  chain 

: 

ting    and    mat 

Tl  •     i in-  i 

the    trade  tiami    ol      Ri 
burgh   will  continue   I 
mlxei  e  and  pavers,  and  thi    i  nl 
ing  watet   screi 

The  annual   meeting  ol  id    I  ti  n   ol 

the  Austin   Machinery  Corporation   was  In   Richmond 

v.,  ,  and   New    v/ork.     Th<  ting  of  B     , 

rman,   Ralph  Crews,  Cla>   Holllster,  Samuel  McRi 

in    i:    Shaw     and   Hon.   C.    W.    Watson,   were    el 
Officers  elected  wen  \    Linderman,  president 

villi. on    w.  i  ni/..    secretai  v  .    ,t     i;     Van 
urcr,     'I'll.-   exi  i  mlt  tee   i  onsists   ol    Sam  lei 

McRorj  Ipl    Crews,   Hon    C    W     Watson  and   I  Lindei 

man.     The  compans    reports    unusual   expansion    in   the   salt 

many  add  mslve   line  of 

road  building,  excavating,  Irrigation  and 

Increasing    activity    in      I  i    railway    divisions    Ol    the 

Pittsburgh    office    of    (he    Wcatinghouse      Electric      K-      Mfg       Co 
has  resulted  in  the  separal  dh  and  sem,'  n.-w 

appointments   In  pet   ent      Barton  Steveson,  who 

mis   beet     i"    ii'fir  ol    both   divisions,   will   continue  as   man 
-    powei         I  and  will  devote  his  entire  time  to  activities  In 

il  unit    I'   G.  Hickllng  has  been  appointed  man 
tgei    of   th,    railway  division,     hi    appointment    becoming  effi 
immedlat     ■       S     k.    Shave   has    been    appointed    manager   "f    tie 
price     siiiier.     of     both     the     power       and       railway       divisions 
in  the  Pittsburgh  office.    The  si  of  the  two  divisions  under 

■  a  heads  will  faclll  bot  h  power  and  rail- 

way business. 


Statement   of   the   Ownership,    Management,    Circulation.    Etc., 

quired  by  the  Act  of  Congress  of  August  24.  1912. 
,i    Engineering   &   Contracting,   published   weeklj    at   Chicago, 


III.. 
i  .i     Vpril  1,    1922. 

State    '•!     Illinois,    Count)    ol    i  me,    a    notary 

public   m   and   f te   state  and  count}    al said,   personallj    ap- 
peared   Lewis    S.    Louer,    who.    having   been   duly   Bworn   according 

to  law,  'i •-   and  says  that    hi    Is  the   Vice  President  of  Engl- 

Insr,  and   that    the  following   is,   to  the   >■ 

nis  know  li  dge  and  beflel  ! «  nershlp 

[I     i   .la.lv    papei     til     circulation),  etc.,  of  the  afore- 
said i  ubli<  aticn  for  thi     !  bove  caption,  i  equlred 
by  thi     Vet  "i   August  24,  1912,  embodied  In  section   143,   Postal  hue 
.                                                               of  this  form,  ti 
i.    Thai  the  names  ami  a                       thi    publisher,  editor,  man- 

ei nd  business  man  iget   ar< 

Publl   ■  Bnglm  ■   Contracting,  9  s.  Clinton  - 

Edltoi     H     P    Gillette    9  s    i  'llnton  Si  .  Chicago 
Managing  Edltot     m    P   Gillette,  9  S    Clinton  St..  Chicago 
Buslm        Manager     Lewis   s    Louer,  9  S    Clinton  s 
That    the  owners  an      iGlv<    nanus  and  addn 

vi.lnal    owners,    or,    if   B   Corporation,    mve    its    nam.     anil    th<    names 

,  Mr,  ss"s   i.i    stockholdei      owning   or    holding    i    nt    ot 

mere  of  the  total  amount   ol   mock  I     li     P.  Gillette,   9  s    Clinton 
SI      Chicago     Lewis   S     I  -     Clinton    St.,   Chicago;    til,  hard 

lumbla   Hani,  B  d       Ni  «   rork,  N.  Y. 

::      Thai  i  he  know  n  bot  nortgage        nd  •    hi  i   sei  urlty 

holders  owning  or  holdlni  oi    more  ol   total  amount  of 

tgages  or  othei 

None  ,  . 

I      Thai    the  two  paragraphs  Ivlng   the  nan 

1 1  .    ......  ,  contain  nol 

..no    the  list   of  stockholdi  irlty  holdei 

upon    th.-    i ks    "f   the   company    but    also,    In    cast 

ildi it  it  .    i  oli  tpon  the  books  p(  thi 

iianv    m   truati  •■   ei    In  an;  clary  n  lat  Ion,    the   n 

ruatee   li    acting,    Is 
i  ■  .    paragrap 
bracing  affiant  »  mil  knowli  o  thi    ■  In  umstances 

' 

•  in    I ks   of   the  compan 

no|d     ,  pai  ii  v    other  than   1 1 

on  i"  believe  that   an 
en 

stated 

LEWIS  s    i  '  u  i:i:    \  li  e-Presldent 

Swell"   I.,  anil   snl  da      ■  l    Ma  i.b.    1'22. 

.Seal  i  "I     NELSON,  formi 


i  Mv 


exoli 


n. 
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Roads  and  Streets — 1st  Wednesday 


Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks 

(b)  Sewers    and    Sani- 
tation 

(e)    Management    and    Office 
System 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)  Quarries  and   Pita 

(b)  Management    and         (d)    Steam     Railways.     Con- 
Office  System  structton   and   Maintenance 

(e)    Electric    Railway    Construction 
and  Maintenance 

Buildings   and  Structures — 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor   Structures 


(d)  Miscellaneous    Structures 

(e)  Properties    of    Materials 
it)    Managament     and    Office 

System 
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A    Public    Utility    Commission    That 


Regards  5% 


as  a  "Fair  Return" 


A  few  years  ago,  at  a  time  when  interest  rates  were  far 
below  the  present  average,  a  certain  state  public  utility 
commission  ruled  that  G  per  cent  was  a  "fair  return"  rate 
for  a  public  utility.  That  decision  was  quite  generally  re- 
garded as  approaching  pretty  close  to  the  limit  of  confisca- 
tion set  by  the  Supreme  Court.  Now  comes  the  Illinois 
Commerce  Commission  with  a  decision  cutting  the  fares 
of  the  Chicago  street  railways  to  a  point  that  would  yield  5 
per  cent  on  an  extremely  low  "valuation." 

We  are  inclined  to  regard  this  decision  as  an  example  of 
extreme  ignorance  of  economics.  Otherwise  we  are  unable 
to  explain  the  complaisancy  with  which  the  commission 
gives  its  reason  for  using  a  5  per  cent  return  rate.  The 
argument  is  that  the  average  interest  rate  on  the  bonds  of  the 
street  railway  company  is  almost  exactly  5  per  cent.  Lay- 
ing aside  for  a  moment  the  fact  that  stock  almost  always 
sells  at  a  price  to  yield  a  higher  interest  than  bonds,  let  us 
consider  the  5  per  cent  interest  on  the  bonds  of  the  Chicago 
City  Ry. 

The  first  mortgage  5  per  cent  bonds  of  this  company  are 
now  selling  at  80  ct.  on  the  dollar,  in  spite  of  the  fact  that 
they  mature  in  1927.  Hence  a  purchaser  of  these  bonds 
can  secure  a  yield  of  more  than  9  per  cent  on  his  invest- 
ment if  the  bonds  are  redeemed  in  1927.  Although  these 
bonds  yield  5  per  cent  on  their  par  value,  they  do  not  now 
sell  at  par,  and  it  is  probable  that  they  were  originally  mar- 
keted at  less  than  par,  so  that  there  is  no  economic  justifica- 
tion for  using  the  5  per  cent  rate  in  their  par  "value"  (which 
isn't  value  at  all)   as  a  criterion  of  "fair  return." 

An  equitable  way  of  ascertaining  a  fair  return  rate  for 
that  part  of  a  railway  property  that  is  mortgaged  would 
be  to  ascertain  the  average  present  yield  on  investments  in 
bonds  of  a  similar  nature.     This  exceeds  6  per  cent  in  cities 


where  the  utility  companies  are  accorded  liberal  treatment 
by  the  representatives  of  the  public.  In  cities  where  such 
treatment  is  not  accorded,  the  yield  on  such  bonds  exceeds 
7  per  cent. 

But  only  a  part  of  the  money  invested  in  a  public  utility 
company  is  secured  by  the  sale  of  bonds.  Usually  40  to  50 
per  cent  is  secured  by  the  sale  of  stock,  and  since  the  risk 
involved  in  stock  investment  is  greater  than  that  in  bonds, 
stocks  usually  yield  1  to  4  per  cent  more  (on  their  selling 
price — not  on  their  par  value)  than  the  bonds  yield,  the 
amount  of  the  difference  depending  largely  upon  the  amount 
of  the  prospective  net  earnings  in  excess  of  fixed  charges 
and  taxes. 

Occasionally  a  public  utility  commission  has  stated  that 
under  commission  regulation  there  is  practically  no  greater 
risk  on  stock  investments  than  on  bond  investments,  support- 
ing such  a  statement  by  pointing  to  the  fact  that  the  com- 
mission protects  the  company  from  competition  and  "assures" 
a  continuity  of  the  net  earnings.  The  answer  to  this  argu- 
ment is  that  what  an  investor  demands  is  not  assurance  but 
insurance,  and  that  insurance  is  precisely  what  a  commis- 
sion can  not  give,  not  even  for  the  term  of  office  of  the 
commissioners.  Where  was  the  insurance  when  jitney  bus 
competition  began  to  make  deep  inroads  upon  the  earnings 
of  street  railway  companies?  How  can  a  commission  pre- 
vent people  from  owning  private  automobiles,  motorcycles, 
etc.,  and  preferring  to  ride  in  them  to  riding  in  street  cars? 
How  can  a  commission  prevent  a  city  from  building  a  com- 
peting street  railway,  as  San  Francisco  has  done  and  as 
Detroit  is  doing?  A  dozen  other  questions  of  like  nature 
rise  in  our  minds,  but  there  is  no  need  of  framing  them, 
for  the  fact  is  that  the  investing  public  has  always  refused 
to  believe  that  any  public  utility  commission  gives  the  in- 
surance needed  to  justify  putting  capital  into  public  utility 
stock  on  a  yield  basis  as  low  as  that  on  bonds.  After  all  it 
is  not  public  utility  commissions  who  fix  rates  of  fair  return 
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pital.    They  may  Dame  a  |S  tor 

example  the  '■  per  cent   rate  now    under  discussion,  but  In- 

-•  public  ma}  repudiate  the  rate    o  named,  as  w 
the   present   selling   prices  not   onlj    of   bonds  and   stocks  of 
the  traction  companies  of  Chicago,  bu(   ol  other  Utilit]    com 
throughout    America 


training.  Perhaps  it  was  the  Foolish  utterances  of  such 
writers  that  gave  our  brother  editor  the  inspiration  for 
liis  imprecations. 


"Depression    Need    Not   Continue" — 
A  Criticism  of  a  Brother  Editor 

Undi  ted  title  the  Hannl  cord  recently 

published  an  editorial  article  thai  Is  a  curious  mixture  of 
wisdom  and  Ignorance,  the  wisdom  fortunately  predominal 
ing.    The  Ignorance,  however,  is  S.  ol  Buch 

a  common  character  as  to  call  for  comment     v7e  refer  to  the 
misunderstanding  of  the  meaning  of  the  term  "natural 
However,  before  discussing  the  error,  lei  us  quote  the  editorial 
article  in  full: 

1     these 
light    in    demonstrate  loe    that    during 

•     ■■  and  that  after  great 

rapidly.     Therefore,  argue 
natural  law 
controlled  and  mad.  slon   of  recent 

It  is  amazing  how  much  Informs  il  llltj   to  think  some 

'i  acquire.     Imagine  what  laughter  would  greet  a  physician 
:■  mnly  produced  chai  what  the  course  of  yellow 

lad   been   in   the  recurrent    .  ;  the  nineteenth  cen- 

tury and  predicated  on   them  a  prophecy  that  during  the  next  ten 
so  many  thousands  of  good   Americans  would  Inevitably  be 
victims  of  0  urge! 

■Silence   has   taught   us   how    to  er.     Charts   of 

economic  disaster  should  be  valuable  only  as  demonstrating  the 
necessity  of  formulating   mi  disasters;   In- 

stead, they  are  ofTet.  be  quiescent  under 

calamity.      *Ye   have   nothn  For  thi     intelli- 

gence of  men  who  take  the  lability.     Human  experi- 

ence  in   all   other   directions    is    to   the   contrary.     Financiers   who 
th.    recurrence  of  panics  itures  of  text  books 

and  habit.  No  one  of  them  would  ever  have  invented  an  internal 
combustion   engine  or   have    devised    a    reclamation   project. 

We  have  no  faith  in  those  who  desert  civilization  and  barter  the 
future  for  their  present  gain.  May  we  I"'  saved  from  those  who 
argue  that  prosperity  is  at  the  end  tlum  and  must  swing 

into  ruin.  The  thermometer  does  not  control  the  weather;  the 
Milometer.  Trade  is  the  thermometer  to 
which  weather  Is  the  human  Intelligence.  If  the  mercury  freezes, 
it  is  not  nature  that  Is  responsible,  but  the  intellectual  incapacity 
or  laziness  of  the  gentlemen  in  control  of  affairs. 

None  hut  very  ignorant  economists  regard  a  "natural  law" 
as  one  that  controls  events  as  man-made  law  aims  to  control 
conduct;  but  apparently  the"  Editor  of  the  Manufacturers' 
Record  regards  a  "natural  law"  as  if  it  were  a  compulsory 
mandate  of  a  supremi  power.  A  natural  law,  however,  is 
nothing  but  a  statement  of  what  effects  follow  certain  causes. 
The  inevitahleness  of  the  result  is  there  only  when  the  same 
causes  are  there*  A  natural  law  tacitly,  if  not  avowedly, 
es  the  existence  of  certa  and  then  it  states 

the  consequences.    There  is  no  such  thing  as  the  suspension 
of,  or  interference   with,  a  natural   law,  for  the  law  itself  is 
not  a  force  or  group  of  forces,  but  merely  a  statement  of  the 
manner  in  which  forces  interact. 
The   editor  of   the   "Record"   Inveighs  against   passive  re- 
present economic   i  and   in   that  he  is 
tly   sound;    but   when   he  derides  statistical   interpreta- 
tion  of   past   events  and   scouts   the   ability    to   forecast  the 
economic  future  from  statistics,  he  is  entirely   wrong.     The 
economist,  for  example,  who  shows  that  wage  levels  are  de- 
pendent  on    money   levels,   and    who   provi  capita 
•      have  gon<    hand    In   hand  during 
M  economic  law;   but  he  does 
not  say  that  man  I                                                    lllate  the  quantity 
of  money.     He  does  nol  bow  to                                 to  a  sacred 
■iirary.   lie   is   the    verj    sort    of   person   who 
is  most   likely   to  tell  the   public   what    should  be  done  to  re- 
II.    it   It  v  l,i     hows  the  world 
how  to  prevent  excessive  fluctuation  in  wage  and  price  levels 
trolling  the  supply  of  money  in  circulation, 
brothei   editor  has  set 
Index                                             too   little   of   the    Interpretations 
inomlsts.    Ttore  is  a  veritable  deluge 
of  writings  on  price  levels  by   men   who   have   no    scientific 


And  Mayor  Thompson  Shouted 

"They  saj  we  can't  have  a  nickel  fare  in  Chicago."  shi 
Chicago's  mayor  m  a  ..  b      "They  have  it   in  New 

Fork  with  privately  owned  lint  They  have  il  in  San  Fran- 
cisco,   with    public   Ownership,   and    don't   let    anybody    tell    you 

■  I  have  it  here  under  the  Thompson  plan.    I  ask  you 

lor    a    majority    of    ten    \,,t.        n    th.-    Senate    to    see    that   the 

traction  Inti  n  ou  for  a  second  1 1 

For  aeveral  yean  Mayo:  rhompson  of  Chicago  has  cam- 
paigned on  a  platform  con  I  ting  of  a  single  plank— a  nickel 
carfare.  When  the  Illlnol  tate  public  utility  commission 
ad  to  grant  the  nickel  fare,  but  had  the  courage  to  put 
into  effect  an  8-cent  fan  the  mayor  of  Chicago,  aided  by 
other    politician  del     iii    electing    a    governor    who 

promptly  got  rid  of  the  utility  commissioners  and  appointed 
successors.     These  sueo-  01      lost    little  time   in  ordering  a 

id    street    car    fare    in    Chicago,    but    the    Federal    Court 

granted  an  Injunction  when  it  was  shown  that  operating 
•  spen  .  -  alone  amounted  to  >;  cents  per  passenger.  A  few 
days  ago  the  state  utility  commissioners  ordered  "a  6-cent 
rimental  fare."  and  now  another  federal  court  hearing 
is  pending.  However,  we  an  less  concerned  with  the  ques- 
tion of  car  fares  in  Chicago,  than  with  the  statement  of 
1  in....-  mayoi  thai  San  Francisco  ami  New-  York  have 
mckei  tares,  ami  that,  bj     aference,  Chicago  should  have  a 

nickel  faro.  But  the  mayor  failed  to  tell  his  audience  that 
the  San  Francisco  municipal  railway  is  earning  next  to 
nothing  on  its  cost  if  allowance  is  made  for  depreciation 
and  lost  taxes.  He  also  failed  to  tell  his  audience  that  the 
Now  York  traction  lines  are  on  the  verge  of  bankruptcy 
and  that  their  stock  is  selling  al  so  low  a  price  as  to  indicate 
little  hope  on  the  part  ol  thi  tockholders.  Moreover,  he 
io  tell  his  hearers  that  the  mayor  of  New  York  is  his 
political  Siamese  twin,  and  lias  done  everything  in  his  power 
to  prevent  the  New  York  traction  companies  from  securing 
a  fair  return  on  the  money  invested  in  them. 

Both  Chicago  and  New  York  are  suffering  from  inadequate 
transportation   facilities,    yet    the    average   denizen   of    those 

cities   is   so   ignorant   of   econ les   that    he   will   vote   for  a 

mayor  whose  platform  is  a  nickel  fare,  not  realizing  that 
by  so  doing  he  is  warning  every  one  who  has  saved  a 
dollar  not  to  invest  his  monej  in  the  new  securities  that 
must  be  sold  if  there  is  to  be  any  enlargement,  extension 
or  improvement  in  die  traction  lines  id'  Chicago  and  New 
York. 

If  ever  there  was  a  splendid  opportunity  for  the  engineers 
of  these  two  great    til  •  rform  a   great    public  service, 

that  opportunity  now  presents  itself.  Lei  the  organized 
professional  engineers  investigate  traction  matters  in  Chi- 
cago and  New  York,  and  report  their  impartial  findings  to 
the  public.  Engineers  are  the  only  large  body  of  men  com- 
petent to  make  such  an  Investigation,  ami  who  are  at  the 
same  time  sufficiently  free  from  any  suspicion  of  bias. 


Should  Depreciation  Be  Deducted 
from  Original  Cost? 

In    this    issue    W6  Cl    of   an    appraisal    of    the 

traction  lines  in  New  York  City.  It  will  be  seen  that  three 
different  "appraisals"  are  given,  and  that  one  of  these 
"appraisals"   is   tie  less   about   lfi.'i  per  cent 

for  depreciation.  This  is  not  the  first  time  that  we  have 
arii  an  estimate  ol  alleged  "\aiue."  bul  the  case  is 
one  of  such  magnitude  that  it  seems  wise  to  call  the  atten- 
tion of  our  readers  both  to  Hie  economic  fallacy  and  the 
immorality  involved  in  BUch  estimates  of  "depreciated  value." 

The   reason  that  an  old    thing    sells   at    less   than   its  cost 
placement    new   is   simply   that    the   old   thing   will   incur 
a   greater  annual   •      ■  Its   operation   and   maintenance 

than   will  a  new  thing  yielding  equal  service.     This  pri 
tion  has  never  been   denied,  so   far  as   we  know.     If  true,  It 
follows  that  the  cost   of  a   substitute  new   thing   is    made   the 
criterion    h>    which    the    depreciated    value   of  any   old   thing 
is  determined 

When  an  appraii  6  depreciation  from 

the    pn    ■  iii    ...   i    of   reproducing   a    thing    new   he    produces   a 
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result  that  has  real  economic  Bigniflcai        and  the  result  is 
commonly  called  "depreciated  value."    I    n  when  an  ap] 
deducts  an  estimated  depreciation  tro  Iglnal  cost  he 

produces  a  result  that  has  no  economic  significance 

it  certainly  is  not  "preaenl  valm  ind  with  equal  cer- 
tainty it  is  not  "original  cost"  What  i  it?  Shall  we  give 
it  the  title  "depreciated  cost"?  if  so,  hat  does  it  mean? 
From  tlie  original  cost  of  a  tiling  there  ted  something 

because  the  tiling  is  not  as  economic  as  >  new  thing.  That 
is  to  say.  a  new  thing  is  set  up  as  a  criterion,  hut  no  sooner 
is  it  set  up  than  it  is  cast  aside,  for  the  cost  of  the  new 
thing  is  ignored.  The  owner  of  the  old  tiling  is  told  that  it 
has  lost  value  because  an  economically  better  new  thing  Is 
available,  hut  when  he  asks  that  he  be  i  ■  redit  for  the 

enhance. 1  value  that   has  resulted  from  a  rise  in  prices  since 

■    hie   old    thing,  he  is   met    wil  JnstrOrr 

fusal.     He  must  suffer  all  depreciation,  but 
he  must  not  benefit  from  any  appreciation! 

It  seems  almost  incredible  that  any 
trained  engineer  would  ever  support  such 
.m  absurdity  as  a  "depreciated  original 
cost,"  first,  because  "there  ain't  no  such" 
economic  animal,"  and,  second,  because  of 
the  unfairness  to  the  owner  of  a  property 
whose  plant  is  thus  "appraised."  We  might 
add,  third,  because  the  U.  S.  Supreme  Court 
has  ruled  that  "present  value"  is  to  be  de- 
rived by  deducting  depreciation  from  pres-  Plar 
ent  cost:  but  we  realize  that  some  engiin 

refuse  to  be  guided  by  the  Supreme  Court  even  in  cases  that 
may  ultimately  go  to  that  court  for  adjudication. 

It  is  sometimes  argued  by  appraisal  engineers  that  al- 
though they  do  not  personally  approve  "depreciated  original 
cost"  estimates,  still  they  "submit  them  for  what  they  are 
worth."  13  this  either  ethical  or  logical'.'  Would  the  same 
engineers  submit  a  lie  for  what  it  is  worth,  yet  refrain  from 
calling  it  a  lie?  Should  an  expert  witness  ever  testify  to 
or  report  what  he  calls  an  "appraised  value"  something  that 
he  knows  to  be  no  such  thing?  We  can  not  too  strongly 
condemn  such  an  act. 

If  there  still  are  engineers  who  honestly  believe  that  "de- 
preciated original  cost"  is  an  "appraised  value,"  we  shall  be 
glad  to  publish  their  arguments  in  favor  of  such  a  "valua- 
tion." If  no  such  engineers  exist,  then  it  is  high  time  that 
engineering  societies  reprimand  every  engineer  who  con- 
tinues to  testify  to  such  "valuations"  without  at  the  same 
time  denouncing  those  "valuations"  as  being  the  economic 
bastards  that  they  are. 


:  project,  and  provision  was  mad.-  in  each  contract 
proposal  for  the  submission  by  each  bidder  of  two  bids;  that 
is.  under  Form  A  of  Contract  No.  3,  a  bid  wa  made  tor  Con- 
tract 3  only,  while  on  Form  B  another  bid  was  made  con- 
tingent upon  the  bidder  being  also  awarded  Contract  No.  4. 
The  same  arrangement  applied  to  Contract  No.  4  The  plan, 
profile  and  cross  section  of  the  tunnel  are  shown  in  the  ac- 
companying illustration.  The  main  features  of  the  project 
are  summarized  below: 

Feet. 

ih  tunnels: 

I'nii.    section    13.512 

i  'in  2,816 

us    320 

Open  approach   1.830 


The  Hudson  River  Vehicular  Tunnel 

Work  was  started  April  1  on  one  of  the  largest  tunnel  jobs 
that  has  come  up  for  letting  in  recent  years.  Bids  on  this 
were  opened  last  February  by  the  New  York  State  Bridge  & 
Tunnel  Commission  and  the  New  Jersey  Interstate  Bridge  & 
Tunnel  Commission,  of  which  Clifford  M.  Holland  is  chief  en- 
gineer. The  work  covered  the  building  of  the  under-river  sec- 
tion of  the  Hudson  River  vehicular  tunnel,  included  in  Con- 
tracts Xos.  3  and  4,  involving  the  construction  of  one  river 
shaft  on  the  Manhattan  side  of  the  river,  two  river  and  two 
land  shafts  on  the  New  Jersey  side,  and  13,512  ft.  of  tunnel. 

Construction  will  be  by  means  of  the  shield  method  and 
involves  the  erection  of  approximately  115,000  tons  of  cast- 
iron  segments  and  5,000  tons  of  bolts  and  nuts. 

On  Contract  No.  3  the  tunnels  will  begin  at  the  Canal  St. 
and  Spring  St.  shafts,  respectively,  Borough  of  Manhattan, 
and  extend  in  a  westerly  direction  approximately  2,000  ft. 
to  a  point  about  600  ft.  west  of  the  New  York  pierhead  line. 

On  Contract  No.  4  the  tunnels  will  begin  about  1,000  ft. 
west  of  the  present  bulkhead  line  in  the  Erie  R.  R.  yard  in 
Jersey  City,  N.  J.,  and  extend  easterly  to  within  about  600 
ft.  of  the  New  York  pierhead  line.  The  land  shafts  will  be 
located  about  140  ft.  west  of  the  present  bulkhead  in  the 
Erie  R.  R.  yard,  and  the  river  shafts  will  be  located  about 
100  ft.  west  of  the  New  Jersey  pierhead  line  as  established 
in  1913. 

The  work  under  these  contracts  will  include  the  care  and 
support  of  all  surface,  subsurface  and  overhead  structures, 
the  restoration  of  such  structures  if  disturbed  by  tunneling 
operations,  and  the  maintenance  of  traffic. 

These  two  contracts   constitute   the   major   portion  of  the 


Sand  A  Silt   '  Reel, 

Profile  and  Cross  Section  of   Hudson   River  Vehicular  Tunnel. 

.;   be!  ween   portals: 

North   tunnel   8,282 

South  tunnel 8,366 

Length  between  grade  points  (total  length): 

North  tunnel    9.167 

South  tunnel   9,311 

Estimated   oust    $28,669,000 

irly  capa<  it>     vehicles  15.S00.000 

Maximum  depth  of  roadwaj    below  mean  high  water,  ft..  93 

Steepest  up  grade   3.5% 

Steepest  down  grade    4.05% 

Construction  quantities: 

Excavation,  cu.  yds 49n.r,no 

Cast  iron,   tons    115,000 

Concrete,  cu.  yds 129,400 

Cement,    bbls 251,000 

Ventilation  data: 

Average  number  of  air  changes  per  hour   40 

Greatest    quantity    of    caibnn    ;u v  d.     I 

parts    in    10.000 

Total  maximum  quantitv  of  fresh  air  per  minute  for 

both   tubes,   cu.   ft 3.600,000 

The  lowest  bid  received  Feb.  15  was  that  of  Booth  & 
Flinn.,  Ltd.,  of  17  Battery  Place,  New  Y'ork  City,  under  Form 
B,  and  amounted  to  $7,199,623  for  Contract  No.  3,  and  $12,- 
132,100  for  Contract  No.  4,  a  total  of  $19,331,723.  The  unit 
prices  of  the  firm  on  some  of  the  principal  items  were  as 
follows: 

Contract         Contract 
No.  3.  No.  4. 

Quan-  Quan- 

tity.     Unit     my.      Unit 
cu.  vii     in  ici       i    !  d.  price. 
shaft  excavation  in  earth  below  M.  H.  \\     9  2  00  $20.00 

Shaft  excavation  in  rock  .",2imi     45.00  lrt     10.00 

Tunnel  excavation  wholly  in  earth 61,000     25.00  246.011a     L6.00 

Tunnel  excavation  partly  in  earth,  partly 

in  rock   0       9.500     47.00 

Tunnel  concrete  not  in  compressed  air.  ..  .20, 5i"i     :i 100     21.00 

Shaft  concrete  in  compressed  air   650     25.00       1,770     25.00 

Tunnel  concrete  in  compressed  air  820     30.00  110     30.00 

Tons.  Tons. 

Steel  work,  river  shaft  1.800  150.00     «2.660  150.00 

Special  rolled  section  for  tunnel  roadway.      77.".     ro.OO       1,715 

Cast  iron  tunnel  lining 33.200     53.70     72.300     47.50 

Cast  steel  tunnel  lining,  except  pile   seg- 
ments          8.950     85.00 

•Land  and  river  shafts. 


Employment  and  Accidents  in  Limestone  Quarries. — Re- 
ports received  by  the  U.  S.  Bureau  of  Mines  from  operators 
of  limestone  quarries  throughout  the  country  show  that  the 
industry  employed  43.151  men  in  1920  for  an  average  of  259 
days  each,  or  11,154,653  shifts  for  all  employes.  These  figures 
indicate  increases  as  compared  with  1919  of  S  per  cent  in 
the  number  of  men  employed,  12  per  cent  in  total  shifts 
worked,  and  4  per  cent  in  average  working  days  per  man. 
There  was  also,  unfortunately,  an  increase  in  accidents,  the 
reports  showing  that  96  men  were  killed  and  5,321  were  in- 
jured, or  31  more  deaths  and  890  more  non-fatal  injuries 
than  occurred  the  year  before.  The  accident  rate  was  2.58 
killed  and  143.11  injured  per  thousand  men  employed  (300- 
day  workers).  The  corresponding  rates  for  the  previous  year 
were   1.97  killed  and   134. 0o   injured. 
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Special    Machines  and   Combinations 
for  Track   Work 

g    Information   on    tbe  hanlcal 

appliances  and  tools  In  track  work  itlon  t.i 

•  n    in   ;m    ni  port    pre 

!•  rii  ;iii 

• n  Rules 

re  taken   from   the 

Tie  Plow  for  Spreading   Ballast.     The  tie  plow    used  in  the 
isl    which    has   been   dumped   on   track    by 
-    Is  ;i  device  made  from  a  9  n    tie  and  old 
cost  of  I 


SI 
in  opt  ration  the  plow  is  placed  under  the  front  of  the  front 
Ith    th<    wrought   Iron   ban  resting  on  the  ball   of  the 
re  placed  on  top  ol  plow   and  wedged  Into  posi- 
tion under  drawbar  ol  the  car.    The  car  is  pushed  with  plow 
in  from  through  the  ballast  which  has  been  unloaded,  push- 
ing out  the  ballast  from  between  the  rails.     Tins  throws  out 
all  ballast  to  within  l  in    of  the  surface  ol  the  ih's     The  re- 
maining   ballast   is  then   forked  out   rrom  between  the  rails. 
In   usual   cases   the   plow    is  applied    and   operated   by   the 
•ii  n  hose   ■■  b  illasl  is  being  unloaded, 

although   the    plow    can   be  handled   by   a    foreman  and   two 
men.      While    in    motion    the    plow     is    watched    and    signals 
-  inemen  on  w  ork  tram 
With  a  gang  of  foreman  and  nine  men.  four  ears  or  rock 
iiallast    v.:.    unloaded  and  spread  In  20  minutes,  10  minutes 
being   used    in   each    operation   or   at   a    cost    under   present 
■;   wages  of  (.0077   per  cubic  yard  tor  unloading  and 
preading.     By   using   this  type  of  plow,  from   76 
per  cenl    to  BO   per  cent   of  the   ballasl    is   plowed  out  from 
en   th(    rails;    the  remainder  must    be   cleaned  out  by 
hand. 

Snow    Flanger    Used    for    Ballast    Plow.     After    ballast    has 
dumped  on  track  by  center  dump  cars  and  leveled  to 
the  top  of  rail  by  using  tie  in   front   of  rear  truck  of  ballast 
•  an  be  thrown  from  between  the  rails  by  use  of  snow 
danger      The  snow   danger  consists  of  a   box  car  with   two 
plows  hung  between  the  trucks   in   such  a   manner  that  one 
plow  will  operate  in  each  direction.     The  plow    is  pushed  by 
the   rear  truck   and  suspended   from  the  body  of  the  ear  in 
such  a  manner  as  to  permit  it  to  be  raised  or  lowered  by  air. 
The  lowest   position  of   plow   is   5   in     below   top  of  rail   and 
position    4    in.    above    top    of    rail.      In    using    snow 
flanger  ...-  ballast  plow  the  blades  of  plow  should  be  strength- 
ened by  application  of  heavier  i 

In   operation   the   flanger   which    is    carried    in   the    ballast 
train    is    pushed    over    the    track    through    the    ballast    which 
■  d  dumped,  leveling  the  ballast   to  approximately  one 
The  ballast   remaining  between 
the   rails    la    then   cleaned    mil    I  Mb    by   hand.     Ap- 

proximately  75   per  cent   of   the   ballast    is  taken   out   by   the 
remaining  26  per  cent  musl  be  removed  by  hand. 
The   organization    used   in    handling   of    flanger   consists   of 
work  i  ■  ■    man  to  operate  levers,  raise  and  lower 

plow,  and   i  ratcfa   plow    and    signal   operator  and 

engineman      The   work  of   leveling  by   flanger  of  four  cars 
of  bal  -  approximately  1"  tnlnul 

Tbi  to  be 

I    lent  than  thi  plow  and  unless  equip- 

ment Is  standing  Idle  should  not  be  considered  on  account  of 
Involved   in   the  equipn 

Lidgerwood    Unloader    for    Unloading    Trainload    of    Gravel 
Ballast    in     Side     Door    Cars.      This    apparatus     '  'insists    of    a 

BBS   w  idth   than   the   inside   u  idlh   of  lb. 
a   cable   which   'an   be   purchased    in    length    tor    10,   20, 

nd  the  Lidgerwood.    Thi  power 

driven   drum   upon   which   tie-  cabll     it    reeled 

In  ■  ;  im  the 

•    plow,  the  plow  being  placed  al   th 

train.      The    cable    is    usually    stretched    by    hand,    al- 

number  of  tra  ■     unloaded   a    boom 

■      ■  hie       The    train    Is    then 

:..n    at     w  hi'  I  to    he    unloaded       The 

I    and    with    the    train    in    motion    the    Lldger- 

eel      n  thi '•    pulling  the  plow   through  the 


cars  plowing  "i:  tie-  gravel     The  plow  is  left  standing  in  the 

ballast   car  nexl    to  the  |.; .  i  hould 

I  e  ,  losed   before  leal         ■  ork 

The    organization    Used    is    work    train    and    crew,    one    fori 
man   and    1"   to    1  I    labOTOI  -     ■:■  1  ■  udin|     on    the    length   id'  cable 
lo  be  used       While  Lidgerwood  is  ill  operation  one  man   | 

signals     lo     op.  later    ,.i      Lldgerv 1     and     to     engine; 

lie     amount     ot     balla  The    plow 

lowed   through    the   train    In    Hi.     gang,   which   clean-    up    cars 

and    pi 

unloading    i"  cars  ol    gravel 

I  I    men    )„.,  ■ 
as   follows 

si  retch    cabli 
i  (pen    •!  ioi 
Plow 

i  "|"s.-    ,;,.., 


Total 

Rate  ol  foreman  $.64  pei   houi    It i  .*  I9H  per  hour.   Total 

6      Total  i  ii    yd    [,2 o-i   p.-,-  en.  yd.  $"  'HI  1 

Pneumatic  Tie  Tampers.     Then    i-   no   pan    ol   Hack   main 
tenance  which  has  required  more  laboi  in  the  past  than  that 
"f  track     Thi    :  rodui  tion  ol   mechanical  means 
id'  tamping  of  ties  has  been   the  aim  of  a   number  "' 

in    the    last    seven   years    ■        idei  ibh    progress    has    i n 

made  in  He  development  "i  pneumatic  tamper-  The  results 
obtained  In  tests  run  on  efflciencj  "I  these  machines  have 
proved  their  economy  over  the  old   method  ot   hand   tamping 

The  experience  of  the  roads  who  have  used  this  machine 
considerably    indicates   thai    the   machine-  .-    and 

that  it   is  a   matter  of  education   and   organization   to 

i    uli-      Tli ppea  i    i"   I"-   i  in  ■'•■   factors   w  hit  h 

should   be   considered   lor   theii    -1 --ful   operation 

(al  Mechanic  familiar  with  a  machine  to  supervise  its 
operation  and  to  educate  th.  section  foreman  and  machine 
operator. 

il'i  Foreman  and  laborers  should  be  educated  as  to  the 
proper  method  of  tamping  and  a-  to  the  time  that  each  tie 
should  be  tamped. 

(c)     A  general   overhauling    of   tie-    machines   at    thi 
of  the  seasons  so  a.-  to  have  them   in   lirst   class  condition  for 
the  following   season.     This   to  eliminate   repairs,   barring    a< 
cident.  during  the  season  of  surfacing. 

In  order  to  secure  the  full  efflciencj  ot  the  machines  it  is 
desirable  that  some  type  of  report  be  furnished  daily  by  the 
foreman  operating  the  machine.  This  report  should  in  gen- 
eral show  the  hours  worked,  the  cost  ol  the  gang;,  ties 
tamped,  quantity  and  cost  ol  oil,  gasoline  and  urease,  char- 
acter of  work,  loss  of  time,  and  cost  of  repairs  Prom  tins 
information,  data  can  be  accumulated  bj  the  division  engl 
neer's  office  which  can  be  used  in  Increasing  the  efficiency  of 
the  machine  if  they  have  fallen  below  the  standard  for  that 
type  of  machine. 

The  results  which  have  been  obtained  in  several  >>t  tin- 
railroads  who  have  use.!  ampers  tor  aeveral 
years  justify  more  extensive  use  of  tampers  The  follow 
ing  statement  shows  the  cost  in  money  per  tie  tamped  which 
was  secured  bj    tests  on   the   D    I..  &    W  .   Ii    &   I).,  and    l 

i  per 
imped 

.-,     w      J0.113      • 

1 1     U  &    w  "  16       i  ma.  luii.     season 

B.    .V-    '  ■  "  166    2(1  ma.  i 

I        I  '  ii  II"'.'        1    w.. ■■■ 

b.    V  .............  "  136 

All    rock     ballast.      Tie  m     |  ,t.      per    hour    paid 

the  laborer  will  explain  most  of  the  variation  in  figures  on 
the   Illinois   Central  and    Delaware,   Lackawanna   ,*:■   Western 

lii  the  handling  of  four  tamper  outtit  ilu-  following  organi- 
zation  is  usually  U 

man. 
I ■•.   ;i    (  :  borei 

The  foreman's  time  is  divided  between  the  tamping  ma- 
chine and  the  supervision  of  the  "  i  the  gang  who 

are   used    in    throwing    ballast,    dressing    and    sparing   of    ties 

The  operator   is  usually  one   ol    the   men   of  the   gang   who 

a  small  portion  "t   i.      tim<    in  'are  of  the  machine, 

this   being   apPTOXlmatelj     1    bOUl    :'•"    minutes    per    8-hr     day, 

remainder    Of    his    tune    i-    spent    with    the    gang,    in    df 

The    (OUT    laborers    tamping    iisualiv     work    '.    hour-    in    tie     g 

hour   period,  the  remainder  el   the  time  is  spent   working   with 

g,  in  lining  and  finishing  of  surface. 
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The  following  Bgures  relate  to  wo  done  with  pneumatic 
tampers  operated  by  4-cycle  80  H  P  on  pressoi   In  .inly. 

i9i'i.  near  Scottsvllle,  w.  ol   Weshoi  Pa.: 

Force:  l  Fori  num. 
v  Laborers 
2  Lab 

il...  es  ah 

in,    11   men. 
Raised  and  tamp  " ■••  k 

Comprei — >   worked  21  days      Idli    I   - 
Hi 
:'  daj  -  n  laying    rail. 

>' 

i  m   and    gas vl 

Maintenance     "" 

Total     5"::i  'i    ft, 

Track  Mowers.— These  machines  an  successful  us  long 
as  the  operator  understands  that  they  must  he  regulated 
according  to  the  kind  of  weeds  to  he  cut.  The  experience  of 
the  different  mads  with  these  machines  lias  varied  consid- 
erably and  it  is  not  possible  to  give  a  di  Snite  opinion  as  to 
their  operation 

One  railroad  lias  found  that  it  is  hard  to  keep  the  speed 
down  and  therefore  had  discarded  gasoline  and  substituted 
a  mule.  They  now  haul  their  traek  mowers  along  by  horse 
power  or  mule  power  at  2%  miles  per  hour  and  get  along 
\  ery  nicely. 

Another  road  has  found  that  if  it  is  run  at  a  high  rate  of 
speed,  four  miles  per  hour,  it  will  cut  the  toucher  stuff 
such  as  heavy  sweel  clover  and  hemp  and  that  it  takes  a 
high  speed  to  accomplish  any  results  with  this  tough  stuff 
hut  at  the  same  lime  going  at  a  high  speed  it  will  not  CU( 
quack  grass  or  the  ordinary  grasses.  This  road  is  in  favor 
of  using  two  lengths  of  cutter  bar.  one  to  get  the  grass  fat- 
out  and  another  to  trim  up  (lose  in.     Also  they  have  adopted 


Tie   Plow  in   Place  with  Cross  Ties  and   Wedge. 

a  wrinkle  which,  while  it  may  not  be  new,  is  ingenious  in 
saving.  They  take  out  two  of  the  holts  and  substitute 
wooden  pins  for  them  and  then  when  the  cutter  bar  acci- 
dentally hits  an  old  rail  rest  or  a  rail  itself  the  pins  will 
break  out  and  the  bar  be  saved. 

One  machine  will  cover  about  ten  times  as  much  as  a  man. 

Bonding  Machines. — There  are  several  styles  of  pneumatic 
bonding  machines,  any  one  of  which  will  do  about  twice  as 
much  work  as  hand  labor. 

The  M.  K.  &  T.  Railway  have  developed  an  electric  bond- 
ing machine  which  was  used  on  some  recent  signal  con 
struction  work.  The  machine,  which  consists  of  a  storagi 
battery  and  two  drill  frames,  is  supported  and  carried  on  a 
light  safety  first  type  motor  car.  The  battery,  which  is  as- 
sembled in  two  trays  with  slip  electrical  connections,  is  car- 
ried on  each  side  of  the  car,  while  the  two  drill  frames  are 
suspended  ahead  of  the  car  on  a  light  steel  framework,  all 
of  which  is  easily  disconnected,  and  removed  from  the  car. 
Each  drill  frame  carries  two  Black  &  Decker  32-volt  elec- 
tric drills  which  are  operated  in  multiple  and  so  arranged 
that  two  holes  required  for  each  wire  are  drilled  simul- 
taneously. Each  frame  weighs  115  lb.,  while  each  tray  of 
the  battery  weighs  approximately  150  lb.  The  drills  are 
high  speed  and  high  speed  steel  bits  are  used  with  the  re- 
sults that  it  requires  only  thirty  seconds  actual  drilling  time 
to  drill  a  joint,  so  that  in  actual  work  one  signal  man  and 
two  helpers  have  accomplished  practically  the  same  amount 
of  drilling  and  bonding  in  a  day  that  was  formerly  done  by 
a  foreman  and  six  men  with  hand  machines. 


COST  OF  BONDING  TRACK    BY    HAM'   DK1LLINU 
i   Fori  man  I  :.:« 

6    Hi  Ipi  n      

.    . 

inel    pins at    IE M 

6  Drill   i  Iti    ki  n. .......... 

1  Drill   bit   worn   out 

Total  cost   per  mill 
.  lost    I  ■ 

COST  OP  BONDING  TRACK   WITH    i:                          IWER   DRILL 
i   Foreman    - 

2  ii,  ipers  9.44 

6    wires 


Push    Car    with    Sloping    Iron    Protection    for    Unloading    Rail    from 
Stock    Cars. 

Channel    pins    at  I 

1  Drill    bit    worn    out at  .60  60 

i"ns    gasoline    at  20  10 

I  i:,llon    oil    iii  1 .00  -.                  iO 

Total   cosl    per  300   i..inis SH.30 

•  lost    per    Joint .1443 

Total  cost  per  mile   (320  joints) 16  U 

Handling  Rail  with  Air  Unloader.  The  machine  in  general 
use  tor  handling  rail  in  and  out  of  cars.  It  consists  ol  an 
"A"  frame  with  boom,  and  is  placed  on  a  standard  Hat  ear. 
An  air  piston  with  a  5-ft.  stroke  furnishes  the  power  and 
the  cable  is  wound  so  that  a  15-ft.  lift  is  obtained.  A  work 
train  is  necessary  and  air  for  the  cylinder  is  taken  from  the 
train  line.  The  boom  is  swung  by  ropes,  leading  from  the 
end  of  the  boom  to  the  ground. 

The   following    organization    is    generally    used: 

Loading  and  unloading: 
i   Foreman, 

1   Machine  operatoi 

1   Tongman   in  car. 

l  Tongman   nn   ground. 

1   Kailman    in    car  guiding    rail. 

1  Itailman   on    ground  rail. 

2  Ropemen.  one  working         each  side  to  pull   ! 

This  machine  requires  no  engineer,  nor  fireman,  as  on  a 
steam  ditcher,  locomotive  crane  or  derrick  car.  It  is  always 
carried  on  the  work  train  and  used  for  loading  and  unloading 
ol   miscellaneous  materials  as  well  as  rail. 


,  Two  Rails  at  a  Time   Falling  Onto 
Push    Car. 

In  congested  territory,  two  air  loaders  are  installed  on  one 
fiat  car,  one  on  each  end.  with  the  same  organization  for 
each  as  outlined  above,  except  that  only  one  foreman  is  used. 
The  advantages  of  this  method  are  in  speeding  up  the  work 
and  the  use  of  only  one  work  train. 

Rail  Laying  with  Locomotive  Crane. — The  Lehigh  Valley 
R.  R.  used  two  locomotive  cranes  in  relaying  136-lb.  rail 
on  main  track  during  June.   1921.     The  track  was  abandoned 


(73) 


370 


1  -    mtracting   for   April    19,    1922. 


during  the  operation  and  nil  traffic  was  handled  over  the 
Other  main,  using  a  work  train  engine  as  pllol  Each  crane 
handled  the  rail  on  one  side  only,  and  the  following  organiza- 
tion was  used  on  each: 


Pulling 

I  in 

l  7 

4 

and   full  l... In' 

16 

Full    B1 

I»co.  1 

Loco.   .  •  1 

19        166 

First    r.vl    la  

Uist     rail     laid  p,  m. 

Total  number  of  136 -lb.  rails  laid 

Track  closed  fully   bulled  and  splki  p.   m. 


-  nth  Rail 
■  ho.  Cran 
NTo.  95564. 


1  8 


8:17  p.   m. 
647 


5:00  p.  m. 
Bonding  organization   using   one   tie    tamper    with    8    pneu- 
matic drilling  machines 

engine  men. 
nalmen    handling   drills. 
I   Mi.ii   bonding. 
_  Men  Bhai    • 
9  Men  distributing  material. 

wiles 

Madden  Track  Laying  Machine. — This  machine  consists  of 
a  light  Bteel  frame  with  a  crab  and  died  boom,  which  rests 
on  one  running  rail  and  a  small  auxiliary  rail  which  is  car- 
ried with  it.  the  gauge  of  the  machinery  being  somewhat 
less  than  standard.  The  normal  speed  of  the  machine  on 
130-lb.  rail  is  about  one  rail  per  minute,  or  a  trifle  faster. 
The  organization  with  various  sized  gauge  is  shown  below: 

.M.i 

Pulline    spikes    s 

rail 4 

ng 7 

<  'hang .  •                                1 

rail   layer — 

Tongman     l 

men     2 

Windlass      4 

•  ••  •;•. diameter 

rid    bolting 

ng     and     spik;-.  9 

Filllne  .  11 

ng     


■    Bbovellng  out  flirt. 
Two  men  helping  the  1 

in  wati  hlng  for  trains,  n  I  re  iulre  it 

Ballast  Cleaning  with  Ditcher,  with  Clam  Shell  Bucket  and 
Ballast  Screen  Mounted  on  Gondola  Car. — This  operation 
consists  ol  lifting  the  ball  I  from  the  center  ditch  with  a 
clam    shell    bucket    and    dropping    it    on    a    sloping    e 

ondola  car     The  dirt  goes  through  the 
Into  the  ear  and  tit.     ton  ovi  i  the  screen  and  through 

B    chute   back    to   tie  ci         The   'lain    shell    digs 

the  ballast  to  a  depth  ol  low  the  bottom  of 

tie  and  from  end  ol   I  of  tie,  bul   does  not  reach  any 

of  the  ballast  in  tie 

This  outfit  will  clean  at  the  rate  of  one  rail  length  in 
seven  minutes.  The  est  ol  the  train,  including  crew  and 
laborers,  is  about  $100  per  day.  The  economy  of  the  opera- 
tion will  depend  on  the  ability  to  get  the  use  of  track. 

The   organization  is   as    follows: 
nclu.i 


■    i  n  w. 
Englm 
Fireman. 

mi  d 

Dltchoi    Dpi  ' 
l  iltcher  fireman. 

is    one    labori 
to  the  bucket  and  knock:    lo  .-.  n  balls   l 

levels   ii.    cleaned  ballast    in  the  center  ditch. 


Total    53 

Rail  Unloader.  for  Unloading  Rail  from  Stock  Cars.  As 
the  movement  of  stock  cars  west  is  an  empty  movement  it 
is  often  desirable  to  use  these  otherwise  empties  to  haul 
rail  westward.  Therefore,  a  special  arrangement  has  to  be 
made  to  unload  rail  from  stock  cars.  There  is  a  machine  for 
this  purpose.  In  connection  with  it  a  push  car  is  necessary 
with  a  sloping  protection  of  iron  over  it.  This  is  formed  by- 
three  bent  rails  and  a  covering  of  %  scrap  boiler  plate. 

The  covered  push  car  which  receives  the  rails  is  chained 
to  the  car  loaded  with  rails  by  a  chain  15  ft.  in  length,  de- 
pending on  the  length  of  rails  to  be  unloaded. 

Ballast  Cleaning  Machines. — The  committee  has  consid- 
ered four  mechanical  devices  for  cleaning  ballast,  embodying 
ballast  screens  on  which  the  ballast  is  thrown  by  hand,  and 
a  mechanical  ballast  cleaner  which  travels  in  an  inter  track 
space,  and  uses  an  endless  chain  of  buckets  which  lifts  the 
ballast  and  after  cleaning  returns  it  to  the  ditch;  a  rotary 
screen  into  which  the  ballast  is  thrown  by  hand:  and  the 
use  of  a  ditcher  and  clam  shell  bucket  by  which  it  is  hoisted 
onto  a  sloping  screen,  letting  the  dirt  go  into  a  car  and 
the  ballast   back  onto  the  track. 

Pratt  Mechanical  Ballast  Cleaner. — This  machine  travels 
in  the  center  ditch  resting  on  the  ends  of  the  ties,  and  is 
designed  to  clean  the  ballast  in  the  center  ditch  only.  An 
endless  chain  of  buckets  lifts  the  dirty  ballast  and  throws  it 
on  a  shaking  screen.  The  clean  stone  rolls  over  the 
and  returns  to  the  center  ditch  while  the  dirt  goes  through 
the  screen  onto  a  pan,  and  is  shoveled  out  by  hand.  The 
machine  is  driven  by  gasoline  engine  and  will  (bar  the 
on  both  the  adjoining  tracks. 

The  di  signer  of  this  ballast  cleaner  had  in  mind  a  small 
unit  which  would  operate  Independent  of  passing  trains,  and 
would  s.  i.arato  the  stone  from  the  dirt  mechanically. 

The  organization  used  is  as  folio* 


Tree  Growth  Under  Prairie  Conditions. 

The  following  measurements  secured  in  1920  are  given  in 
the  report  for  the  fiscal  year  ended  March  31,  1921,  of  the 
Director  of  Forestry  of  the  Canadian  Department  of  Interior 
as  an  indication  of  the  growth  under  prairie  conditions  where 
trees  are  spaced  approximately  4  by  4  ft.: 

Plot  No.  1. — Native  tamarack  planted  in  1904:  present  aver- 
age height.  24%  ft.:  maximum  height,  29  ft.  9  in.;  average 
diameter,  3'i  in.;  maximum  diameter,  4%  in. 

Plot  No.  5. — Scotch  pine  planted  in  190G;  present  average 
height.  19  ft.  9  in.;  maximum  height,  22  ft.  10  in.;  average 
:;',    in.;   maximum  diameter,  5  in. 

Plot  No.  7. — Cottonwood  and  maple  in  alternate  rows, 
planted  in  1906.  Average  height,  cottonwood,  30  ft.  9  in.: 
maple,  20  ft.  2  in.    Mazin  il    cottonwood,  3G  ft.  6  in.; 

maple,  l's  ft.  Average  diameter,  cottonwood,  4%  in.:  maple,' 
2%  in.    Maximum  diameter,  cottonwood,  Ci  in.;  maple,  414  in. 

Plot  No.  8.  Whit,  birch  and  maple  in  alternate  rows, 
planted  iu  1906;  birch,  average  height,  23  ft.  2  in.;  maximum 
height,  29  ft.  6  in.;  er,  3 'i    in.,    maximum  di- 

ameter, 41-  in. 

In  view  of  the  prevailing  idea  that  conifers  1  evergreens) 
are  so  much  slower  growing  than  the  broad-leaved  kinds,  it  is 
interestint:  to  notice  that  thi  maple-  in  plot  7  on  the  average 
show  only  about  4  in.  more  height-growth  than  the  Scotch 
pine  in  Plot  No.  5  and  average  %  in.  less  in  diameter.  It  is 
safe  to  say  that  the  pines  In  Plot  5  would  yield  at  the  present 
time  considerably  more  wood  material  than  the  maples  in 
Plot  7,  planted  at  the  sane  time  and  under  exactly  the  same 
conditions  of  soil  and  spacing. 


■ 


March    Largest    Construction    Month    in    Two    Years. — The 

month  of  March  witnessed  the  largest  volume  of  construction 

I    in   any  month   since   April.   1920.  ad  the   P 

W.  Dodge  Co.    The  total  amo  ml  of  contracts  awarded  during 

March  in  the  L'T  Northeast,  i  n   Slates  of  the  country  amounted 
to  $293,636,000,  an  Increasi    1  I   G5   per  cent   over  February  and 
of  79  per  cent  over  March,   1921.     The  first  Quarter  ol  this 
a  as   68   per  cent    ahead    of   the    first  1921, 

-ally  every  cl  traction   showed  a  notable  in- 

crease in  March.  The  amount  of  residential  construction 
was  the  largest  since  the  summer  months  of  1919.  March 
residential    contract  which    was 

in   per  cent    of  the  month's   total.      Public   works   and   1.1 

amounted  to  $61,997,000,  or  18  per  cent  of  the  total;  bu 

buildings,   149,768,00  In   this   (lass   since   May. 
or  IT  per  cent  of  the  in. .nih's  total;   educational  build- 
ings, 126,676, or  8  pi  ■■  cent    and  industrial  building 

270,000,  or  8  per  cent,  'lie  nplated  new- 
work  reported  In  March  was  B618, I, more  than  double 

the   amount    of  contracts  award,  id,   tie'   largest   amount 
templated  work  reported  for  any  month  since  March,   1 
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Use   of   Explosives  in    Production  of 
Crushed  Stone 

Selection    and    Methods    of    Using    Explosives    in 

Quarrying,    Described    in    Paper    Presented 

Jan.    17,    at   Convention   of    National 

Crushed   Stone   Association 

BY   S.  R.  RUSSELL. 
Technical  Representative,  E.  I.  <Ju  Pont  de  Nemours  &  Co. 
it   is  estimated    that    more    than    60,000,000    of    high    ex- 
plosives were  used  in  quarry  and  open  pit  operations  in  the 
United  States  during  the  year  1920.    A  conservative  • 
..i    the   value  Of  these  explosives  would  be  ?10, 000,000.     If  to 
this  is  added  the  cost  of  black  blasting  powder     of   which  a 
considerable  quantity  is  used  in  the  stone  industry — and  the 
cost  of  blasting  accessories,  it  would  perhaps  be  no  exaggera- 
tion to  say   that  quarrymen  paid  more  than  $12. "on, i  dol- 
lars tor  explosives  alone  during  that  year.     The  importance 
of  tin  subject  of  explosives  in  quarrying  is  therefore  obvious. 

There  was  a  time  when  little  or  no  attention  was  paid  by 
quarrymen  to  the  question  of  explosives  but  this  is  happily 
not  the  general  rule  today.  Almost  all  the  important  and 
successful  operators  are  now  giving  the  matter  of  explosives 
serious  consideration  and  study.  And  it  is  well  they  sbould 
-do  so,  because  the  manner  of  blasting  affects  every  subse- 
quent operation  in  the  quarry,  loading,  conveying  and  crush- 
ing. If  the  drilling  and  blasting  are  not  properly  done — and 
these  two  operations  should  be  considered  together,  for  it 
is  not  possible  to  blast  efficiently  if  the  drilling  has  not  been 
properly  clone — the  result  will  be  a  low  shovel  or  loading 
•efficiency,  high  secondary  blasting  cost,  reduced  output 
through  the  crusher,  and  a  final  high  cost  per  ton  of  stone. 
The  blasting,  therefore,  is  the  heart  of  the  whole  quarry 
system  and  the  selection  and  method  of  using  explosives  are 
vital  matters. 

Qualities  to  Be  Considered  in  Selecting  Explosive. — Some 
of  the  most  important  qualities  to  be  considered  in  select- 
ing an  explosive  for  quarry  use  are — strength,  sensitiveness, 
stability  velocity  or  rate  of  detonation,  ability  to  resist  water 
and  density.  Upon  the  proper  combination  of  these  various 
characteristics  as  revealed  by  actual  shooting  depends  the 
adaptability  of  an  explosive  to  the  work  at  band. 

Strength,  of  course,  is  of  prime  importance  but  a  low 
strength  explosive  is  often  better  adapted  to  and  will  give 
more  satisfactory  results  in  some  classes  of  work  than  one 
of  high  strength.  Almost  any  strength  is  obtainable.  The 
straight  and  ammonia  types  of  dynamites  may  be  had  in 
all  strengths  from  15  per  cent  up  to  60  per  cent.  When  it 
is  necessary  to  use  a  higher  strength  than  60  per 
gelatine  dynamite  must  be  used  and  it  is  manufactured  In 
all  strengths  from  25  per  cent  to  100  per  cent. 

The  degree  of  sensitiveness  of  an  explosive  is  also  of  great 
consequence,  for  it  is  essential  that  an  explosive  be  sensi- 
tive enough  so  that  full  detonation  and  maximum  effli 
can  be  gotten  out  of  it  by  the  standard  detonator,  yet  it 
must  not  be  so  sensitive  that  it  becomes  dangerous  when 
subjected  to  ordinary  handling  in  use  and  transportation. 
Safety  is  a  prime  consideration,  and  the  balance  in  this  matter 
of  sensitiveness  between  efficiency  and  safety  is  one  of  the 
features  which  makes  necessary  expert  knowledge  and  skill 
in  the  manufacture  of  explosives. 

Stability  or  the  quality  of  remaining  fixed  or  uniform  is 
highly  important.  No  one  wants  an  explosive  that  is  liable 
to  go  off  spontaneously  during  storage,  or  which  becomes 
more,  or  less,  sensitive  with  age,  or  is  affected  by  ordinary 
changes  in  temperature. 

The  velocity  of  detonation  or  speed  with  which  an  ex- 
plosive develops  its  maximum  pressure  must  also  be  con- 
sidered. This  quality  varies  greatly  with  different  ex- 
plosives. Where  great  shattering  is  desired  an  explosive 
with  a  high  rate  of  detonation  should  be  used,  but  where  a 
heaving  or  rending  action  is  required,  a  slower  one  is  better 
adapted. 

Some  explosives  will  not  resist  water  for  any  length  of 
time,  while  others  are  almost  unaffected  by  water.  Some 
are  light  and  bulky  while  others  are  heavy  and  dense.  All 
these  factors  must  be  taken  account  of  when  deciding  the 
explosive  best  adapted  for  a   piece  of   work. 


There  are,  of  course,  other  important  requisites  for  a  well 
balanced  explosive  which  must  be  considered  by  the  manu- 
urer  in  order  to  produce  a  uniform,  reliable  and  efficient 
blasting  agent.  The  manufacture  of  explosives  is  indeed 
a  highly  scientific  business,  Involving  the  maintenance  of 
many  trained  chemists  and  engineers  to  assure  such  purity 
of  raw  materials,  balance  of  ingredients  in  the  formula,  and 
exactness  in  plant  processes  as  will  produce  explosives  which 
will  meet  the  widely  different  conditions  found  in  actual 
work,  and  will  be  uniform,  Btahle  and  safe.  It  can  be  said 
without  boasting  that  American  explosives  manufacturers 
are  today  turning  out  a  wonderfully  efficient  product. 

Determining  Proper  Explosive  for  a  Particular  Case. — 
It  is  sometimes  quite  a  problem  for  the  quarryman  to  de- 
termine the  most  economical  and  efficient  explosive  to  adopt. 
Conditions  vary  so  much  in  actual  practice  and  there  are 
so  many  different  explosives  made,  each  having  its  own 
peculiar  characteristics,  that  it  often  requires  considerable 
experimenting  to  arrive  at  the  one  best  suited  for  the  work. 
We,  as  explosives  men,  with  a  wider  experience  in  their 
use  than  any  one  operator  can  easily  have,  are  always  will- 
ing to  co-operate  and  to  assist  the  consumer  to  the  best  of 
our  ability  in  selecting  both  the  most  economical  and  effi- 
cient explosive  for  his  work. 

Many  things  must  be  considered  in  determining  the 
proper  explosive  to  employ.  Among  them  may  be  mentioned 
the  kind  of  quarry,  whether  pit,  side  hill  or  cliff;  the  nature 
of  the  material,  whether  it  be  hard  or  soft,  tough  or  brittle, 
limestone  or  trap;  the  direction  of  the  strata;  the  thickness 
of  the  ledges;  the  height  of  the  face  or  the  benches:  the 
method  of  drilling;  the  method  of  loading;  the  size  of  the 
crusher;  purpose  for  which  the  stone  is  used;  and  whether 
the  work  is  wet  or  dry.  The  system  of  drilling,  the  method  of 
handling  the  stone  and  the  selection  of  the  explosive  are  more 
or  less  interdependent  and  are  in  turn  governed  or  influenced 
to  a  great  extent  by  the  height  of  the  face,  hardness  and  strati- 
fication of  the  stone,  size  of  the  crusher,  and  output  desired. 
Each  quarry  presents  its  own  problems,  however.  No  hard 
and  fast  rules  can  be  laid  down  to  cover  all  operations  al- 
though in  quarries  of  the  same  class,  similar  methods  and 
explosives   can  usually  be  recommended. 

Kinds  of  Explosives. — The  explosives  generally  used  in 
quarries  in  this  country  are  straight  nitroglycerin  dynamites, 
extra  or  ammonia  dynamites,  gelatine  dynamites,  nitrostarch 
powders  and,  to  a  lesser  extent,  the  comparatively  recent 
type  of  explosives  which  are  very  light  and  bulky  and  are 
marketed  under  various  trade  names.  Straight  dynamite  is 
the  original  high  explosive  and  is  the  standard  against  which 
all  other  explosives  are  measured.  Straight  dynamites  are 
still  generally  considered  the  quickest  and  most  shattering, 
although  it  is  now  understood  that  gelatin  dynamites,  when 
confined,  are  just  as  quick  as  and  sometimes  quicker  than  the 
corresponding  grades  of  straight  nitroglycerin  dynamite. 
Gelatin  dynamites  are  also  the  densest  and  heaviest  com 
mercial  explosive  and  will  resist  water  indefinitely,  stand- 
ing first  in  this  respect.  Gelatin  dynamites,  unless  under 
confinement,  are  relatively  slow  in  action  and  should  not 
be  used  for  such  work  as  mudcapping.  The  extra  or  am- 
monia dynamites  are  made  by  combining  nitroglycerin,  ni- 
trate of  ammonia  and  other  explosive  ingredients.  They  are 
slower  in  action  than  the  corresponding  grades  of  straight 
dynamite  and  will  not  resist  water  so  well,  but  they  have 
many  desirable  characteristics  which  make  them  well  suited 
for  general  use  in  quarry  work.  They  are  as  a  rule  cheaper 
and  safer  to  handle  than  other  kinds.  More  ammonia  dyna- 
mite is  used  in  all  classes  of  work  than  all  other  kinds  put 
together.  The  nitrostarch  explosives,  as  their  name  implies, 
consist  of  nitrated  starch  mixed  with  nitrate  of  soda  and 
nitrate  of  ammonia.  They  contain  no  nitroglycerin.  They 
are  slower,  more  hygroscopic,  and  less  sensitive  than  the 
nitroglycerin  compounds.  Judson  or  R.  R.  P.  powder  should 
also  be  mentioned.  This  is  a  crude  black  powder,  the  grains 
of  which  are  coated  with  nitroglycerin.  It  is  well  suited 
in  tunnel  or  gopher  hole  blasting  in  quarries,  in  sprung  holes 
for  removing  lighter  materials,  or  where  something  stronger 
and  quicker  than  black  powder  is  desired.  It  is  not  suited 
to  wet  work. 

Cost  Per  Ton  of  Stone  Produced  Basis  for  Figuring  Blast- 
ing Cost. — In  figuring  blasting  cost  too  much  stress  is  gen- 
erally laid  upon  the  cost  per  pound  of  explosive  rather  than 
upon  the   cost   per  ton   or  yard    of  rock.     The  only  way  of 
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arriving  at  a  true  coal  ;in<l  ;t  true  measure  of  the  efflclenc) 
ol   thi    explosive,  is  by  calculating  the  nni  ne   pro- 

duced per  pound,  and  by  taking  Into  consideration  the  shape 
in   which    the   Btone    is   produced   and    the   other   significant 
.nun     Almost  anyone  can  go  Into  a  quarry 
and   red  cosl    per  ton.     Either  by   using  a 

cheaper  priced  or  a  lower  gradi    i  ip  ij  arbitraril] 

cutting  down  the  loads  per  hole  one  may  move  jusl  us  many 
tons  ol  Btone  per  pound  Note,  however,  thai  l  say  d 
whereas  successful  and  economical  blasting  does  nol  mean 
merely  moving  or  throwing  down  so  man]  tone  ol  stone 
it  means  throwing  down  the  material  In  proper  condition, 
consistent  with  the  equipment  tor  handling  and  the  purpose 
for  which  it  is  to  be  used  iiml  with  due  regard  for  the  after 
costs,  Bucn  :is  those  ol  secondary  blasting,  loading,  track 
movements   and    crushing,      A    lowering    In    the   Bhovel    effl- 

in!   o1   difficult  diggln  i    blast- 

mi;,  with  consequent  Increase  In  shovel  repairs,  will  tar  mit- 
iveigb  in  coal  any  Blight  decrease  In  explosives  cosl  pet  ton 
of  stone.  It  has  often  been  found  thai  the  use  of  a  higher 
strength  or  different  kind  or  greater  quantity  ol  explosive 
in  the  primary  blast  li b  a   lower  ultimate  cost 

per  ton 

What  I  wish  to  emphasize  here  is  the  facl  thai    it  is  not 
rice  per  pound  of  I  thai    is   bo   important, 

but  the  cost  per  ton  or  yard  ol  stone  produi  •  'i  nol  even  the 
Ive  cosl  per  yard  of  the  material  as  blasted  bul  the 
final  cost  on  the  cars,  which  includes  drilling,  blasting,  load 
ing,  transportation,  crushing,  overhead  and  all  other  operat- 
ing expenses.  Blasting  affects  everj  Item  In  the  cost  analy- 
sis and  if  it  is  not  properl]  done,  the  <  os1  of  each  subsequent 
on   will   ho  higher  than  11   should  be. 

How   Proper    Explosive    Increased   Quarry   Output.      I  el    me 

Cite  an  actual  case  which  is  typical  ol  main.     We  were  called 

upon  by  a  large  concern  to  visit   one  of  their  quarries  where 

Ome    years    they    had    been    getting    rather    poor    results. 

ists  were  high  and  the  output  nol  commensurate  with 
the  capacity  of  the  plan)  and  equipment   In  use.    Th< 

using  well  drills  and  drilling  1"  ft.  to  46  ft.  holes.  o%  In, 
diameter,  Many  ol  the  holes  were  very  wet,  a  10  ft.  hole 
sometimes  containing  L'n  ft.  Of  water  Thej  were  using  a 
dynamite  not  at  all  suited  to  wet  conditions  The  eai  nidges 
were  4  in.  in  diameter.  The  blaster  naturally  was  afraid  to 
break  the  cartridges  and  expose  the  dynamite  directly  to  the 
water  and  consequently  they  were  loaded  iniaet  one  mi  the 
other.     The  result  wa8  that  th<    explosive  could  not    he  concen 

trated  In  the  bore  hole.    The  steam  shovels,  three  of  them. 

were  working  on  an  average  between  10  per  cent  and  aO  per 
cent  capacity.  It  was  not  uncommon  tor  a  shovel  to  be  held 
up  four  or  live  hours  on  account  Ol  drilling  and  blasting  bot- 
tom. The  drilling  was  rather  carelessely  done  and  the  I  " 
ing  for  4f>  ft.  holes  was  tl  ft.  apart  and  12  feet  back,  which 
py  close  spacing  for  limestone.  We  changed  over  to 
gelatin   dynamite,   increased   the   size   ol  the   cartridges   to    1 '  ■_■ 

in.  in  diameter,  reduced  the  gauge  ol  the  drill  bit  to 

and  made  certain  that  all  hobs  were  drilled  5  ft  below  the 
grade.  As  a  result,  after  two  years'  trial,  there  is  rarely  any- 
trouble  with  bottom,  the  shove]  efficiency  has  lumped  to  70 
per  cent,  an  dling   what   it   formerly  re- 

quired  three  to  do.     The  spacing  ol  boles  has  been  widened  to 
i      part  and  15  ft.  back.     The  quarry  is  In  better  shape, 
the  output  greater,  and  the  cosl  per  ton  less,  and  this  in  spite 
■    thai    the  exploslvi    now    in   use  costs    more   per 
pound  than  the  one  former!}  employed. 

Some  Points  on  Drilling.     In  this   particular  Instance,  the 
drilling  also  v. a     al   i.hiIi   and   the  explosive  iii  use 

light    and    otherwise    UOSUited    for    the    work.      Thi 

an  exp  al   in  Borne  quarries     it  the  bot- 

tom is  hard  or  irregular,  ami  '  distincl  pari 

the  floor  of  the  quarry,  it  Is  absolutely  necessary  to 

trate   the   explosive   i  barge   at    that    point.      Tin-    .an    bl 

pllshed  by  completely  tilling  the  borehole,  or  i,\  using  an 
explosive  of  high  density  ot  by  drilling  a  sufficient  depth 
heiow   the  Moor  grade      i  ouch  water  present   it   is 

I    impossible   io   pack    the   granular   type   of  dynamite, 
hence  a  gelatin  dynamite,   which  is  unaffected   by  water,  in 
lib  a  diam.  i.       ■  •    a-   the  hole,  is  re- 

Tlo    drilling    should    not    be  '"rk    or  judgment 

Irlllei      To  my  mind,  this  matter  ol  drilling  to  proper 

depth  It  ol  the  greatest  importance  In  s  quarry,     Hol<     are 

drilled  dee]  In  oi  der  t" 


be  sure  oi  the  proper  depths  it  is  advisable  to  run  a  line  ol 

levels  over  the  Boor  ami  on  top  ol  the  quarry  face,  establish 

rmanenl   bench  marks  ami  Betting  reference  stakes  at 

various  stations  around  the  la.,  for  the  drill  man  Thi  • 
stakes  should  Indicate  the  ,l,pih  Io  which  the  holes  should 
be  drilled.  This  little  it,  u  alone  may  be  worth  a  ;r.',ii  many 
dollars    to    the    ipinrry  man    u     H    season 

I  do  nol  intend  to  discuss  at  this  time  the  merits  ol  tie 
different  i\pos  of  drilU  foi  quarrj  use.  Much  has  been 
written  on  this  bud  ["he  blast   hole  drill  or 

well   drill   is    now    wldelj    employed   and    its  advantagi 

prettj    well  established  in  quarries  where  tl ondltioo 

tavorable  for  its  use      still   thi  inj    quarries  when 

the   tripod    type   Ol  drill    is    still    in    favor  and    where   |i    is    the 
..n. .on.  al    I.. 
Suggestions    for    Loading    Well    Drill    Holes.      So    much    has 

been   written    ami   published    In   regard    to  the   procedui 

loading     well    drill    holes    thai     il     i-     perhap  ..ry    to 

dwell  on  tins  subject  extensivel]       \  i.w  remarks  maj   be  in 
order,   however. 
The  use  of  large  diameter  cartridges  is  advisable  in  load- 

•n    well   holes  and    manufacturers  can    furnish    dvn.imil. 

in  all  si/es  up  to  6  in    m  diameter      Large  cartridges  III 

the    labor    of    loading    and    permit    a    higher    concentration    01 

greater  bore  hole  densitj   of  the  explosive  in  th re  holi 

When   large  cartridges   are   used,  verj    little   t ping  i 

explosive,  and  often   lion,    ,ii    all,   i-  necessary       Tamping   hoi. 
does   noi    mean   sieininiiiL-       If   holes  aie  drj    the   cartridges 
should   he   slit  lengthwise  two  or  three   times  and   droppi 
lowered    into    the    hob         I'h.     fall    causes    the    powder    in    -pill 

out.  practically  filling  the  hole.  Slitting  the  cartridges  Is 
nol  advisable  when  watei  ii  present  Make  haste  slowly  in 
loading  explosives  in  quarries,  especially  in  large  holes.  Do 
not  hurry  the  work  but  furnish  enough  help  on  the  job  so 
that  loading  will  go  on  ...  ill.  despatch  Such  despatch  may 
often  result  in  saving  mom  ) .  especially  it  the  hides  are  wet, 
and    besides    it    means    disposing    of   a    rather    unpleasant    and 

anxious   job    quickly.       I' lour    to    si\    Ions    ol    stem-    is,    as 

a  general  rule,  considered  good  for  primary  shooting  in  well 
drill  work.  If  the  bottom  is  heavy  or  if  there  is  a  hard  toe, 
it  is  best  to  use  a  higher  strength  explosive  at  that  point, 
loading  the  upper  pari   oi  the  hole  with  lower  grade. 

Do  not  load  holes  when  too  near  a  steam  shovel  or  locomo 
tive,  unless  a  screen  or  awning  is  used  to  prevenl  sparks  oi 
hot  cinders  from  falling  into  the  hob'  There  have  been 
some  very  disastrous  accidents  from  this  cans.  .lone  in 
the  last  year  or  two. 

Points  on  Well  Drill  Work.  In  .well  drill  work  the  hob  - 
are  usually  drilled  and  blasted  in  single  rows  The  question 
often  arises  whether  it  blast   two  or  three  rows 

at  a  time,  the  holes  arranged  in  staggered  order,  or  one 
row.  Some  experienced  men  think  that  better  results  and 
greater  fragmentatl re  obtained  by  blasting  two  rows  at 

a  time  .Most  quarries  however,  use  the  single  tow  - 
I  am  inclined  to  belie..,  thai  the  single  row  is  best  when  thi 
face  of  stone  is  50  ft  high  or  over  Below  that  height,  it 
deponds  upon  local  condiiions  The  general  practice  within 
relatively  shallow  hob-  from  20  it.  to  30  ft.  In  depth 
blast  from  two  to  live  rows  at  a  time  in  order  '■>  break  the 
stone  up  well  and  in   greater  volume  so  that  the  track  and 

shovel  movements  are  kepi  at  a  minimum.  When  more  than 
one  row  is  carried,  the  holes  in  the  back  row  should  be  load 
.il  at  least  10  per  cenl  heavier  than  those  in  the  front  for 
best  results.  I  believe,  also,  that  ih.  spacing  between  rows 
Should    be    less    than    Ih.     distanci     Hon.    lie-    hrsl     row     to    th. 

edge  oi  the  face  In  !  I  faces,  l  do  not  think  the  double 
row  advisable  at  all.  Often,  even  in  quarries  where  the 
face  is  .".II  ft.  or  under  onlj  .'lie  row  is  blasted  al  a  lime,  lui 
a    buffer   or   blanket    ol      toni     Is    ...tiled,    that    is.   a    whole 

part    of   a   shovel   cut    it Ih.     previous   blasl    bit    against    Ih 

face   to    be   shot.     The   Idea    of   the   buffer   is    that    II    oil.  t 
resistance  or  confinement   to  the  charge  and   betti 
fragmentation  is  gained     it  is  used  in  many  cases,  especlall] 
in   lower  faces,  to  hold  back  the  material  so  that   thi      ton 

is  piled  up  high  enough  for  economical  winking  ..I  a  sieam 
Shovel    and    to   avoid    irregiilai    track    and    frequent    moving    of 

i  believe  in  a  buffi  ■   In  thi    lowei   I  i  lally  if 

.  i    |C   ,,   ,  d   I.. i    loading       Si .".'  tune-,   however.   loo  much 

buffer   is  used  and  the   -ton,    is   not   thrown  out   far  enough   to 

permit    access   for   the   secondare    drilling   and    blasting.      The 

.       ||  ntlv    oil.  a    held    up   until    the   obstruction    is 

drill,  d  ..n.i  blasted,    it  Is  often  bettei    especlall]  If  thi 
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lies    i"    heavy    ledges   and   t li*- 1-« ■   an  ms,   and    the 

tendency   is  for  the  ledges  to  move  tore  the  tull 

breakini;  effect  o1  the  explosive  Is  g  led  to  allow  the 
material  to  be  thrown  Farther  out  so  thai  secondary  treal 
ment  can  led  on  before  the  shovi  il  point. 

In  higher  faces,  from  50  n    to  200  ft.,  i  tatever  is 

oor  is  it  necessarj      Each  blast  Is  before  an- 

othei    is  thrown  down. 

There  are  many  quarries  whi  I  method  of  drill- 

ing is  the  mosl  economical     This  is  apt  to  be  true  espet 
In  quai '  ies  of  lovi   face  « here  the  full  depth 

It  is  a  method  well  suit,  d  o  quai  ries  «  here 
the  stratification  is  Irregular  or  pitching  heavily,  and  where 
it  is  impossible  to  maintain  regular  bem  hes. 

Snake  Hole  Method.  In  many  of  the  harder  limestone, 
(rap  and  granite  quarries,  very  economical  results  are  ob- 
tained by  what  is  known  as  the  snake  hole  method.  Often 
ol  :»'k  .'ii'  ft  to  60  tl  high  can  I"  brought  down  with 
a  singh-  row  of  bottom  holes  which  are  heavily  sprung. 
This  method  is  common)}  used  in  many  of  our  • 
quarries.  The  holes  are  drilled  horizontally  at  the  hi 
of  the  fare  of  the  rock  from  20  ft.  to  30  ft.  in  depth  and 
sprung  heavily.  It  is  hest  to  start  the  hole  about  3  ft.  above 
the  floor  allowing  11  to  dip  so  that  at  the  point  it  is  just 
above  or  at  the  level  of  the  floor  It  is  unwise  to  start  the 
hole  too  low  \  certain  dip  must  be  maintained  in  ordei  to 
allow  water  flow  to  the  drilling  surface  Therefore,  if  the 
hole  is  started  too  low.  its  point  may  he  several  feet  below 
the  floor  level  before  springing,  and  this  depth  is  increased 
considerably   after  springing. 

Springing  Bore  Holes. —It  requires  considerable  judgment 
on  the  part  of  the  blaster  to  spring  holes  successfully  After 
some  experience  be  soon  gets  so  familiar  with  the  ground 
that  he  is  able  to  tell  quite  accurately  how  often  he  must 
spring,  and  how  heavily,  in  order  to  accommodate  sullicient 
pocket  charge  to  lift  the  burden.  Some  rocks  respond  to 
springing  much  better  than  others.  Holes  are  usually  spaced 
about  8  it  apart.  A  strong  quick  explosive  is  best  suited 
for  springing  holes.  The  first  charge  should  consist  of  not 
more  than  three  cartridges  of  1%  in.  x  8  in  dynamite  li 
there  is  drill  muck  or  water  in  the  hole  this  charge  will  not 
do  much  more  than  clean  out  the  hole  and  will  have  a  very 
slight  heating  effect  on  the  walls  of  the  hole.  If  the  hole  is 
dry.  this  charge  will  enlarge  it  somewhat  at  the  hack  and 
heat  the  walls.  In  the  first  case  when  hole  is  wet,  it  is  un- 
necessary to  wait  longer  than  one-half  hour  befori  loading 
the  second  charge.  If  the  hole  is  dry,  it  is  advisable  to  wait 
one  hour.  The  second  charge  should  consist  of.  say.  six 
cartridges  and  after  firing.  1%  hours  should  be  allowed  to 
elapse  before  loading  the  third  springing  charge.  Each  sub- 
sequent springing  charge  is  increased  so  that  the  chamber 
or  pocket  made  by  the  preceding  one  is  filled,  or  perhaps  it 
is  best  to  let  the  explosive  rise  a  few  inches  more  each  time 
until  the  necessary  size  chamber  is  obtained.  Compressed 
air  may  be  blown  into  the  hole  after  springing.  The  air,  be- 
sides blowing  out  a  great  deal  of  pulverized  rock,  ha 
the  cooling  of  the  hole,  making  work  safei   and  quicker. 

Many  accidents  have  been  caused  by  loading  the  final 
charge  of  explosive  in  the  bore  holes  too  soon  after  spring- 
ing, the  charge  taking  fire  from  the  heat  of  the  hole.  It  is, 
therefore,  good  policy  to  wait  long  enough  and  to  be  sure 
that  the  hole  is  cool.  A  rough  idea  of  the  temperature  can 
be  gained  by  allowing  the  tamping  stick  to  stand  in  the 
hole  about  five  minutes  and  then  feeling  the  end  of  thi 
with  the  hand  to  find  out  whether  it  has  become  warm.  To 
be  absolutely  sure,  the  intervals  between  charges  should  be 
regulated  as  follows 

After  the  first  spring  wait  one  hour. 

After  the  second  spring  wait  two  hours 

After  the  third  spring  wait  three  hours. 

After  the  fourth  spring  wait  four  hours. 

After  the  fifth  spring  wait  five  hours. 

It  is  seldom  necessary  to  spring  more  than  five  times.  1 
would  advise  waiting  after  the  last  springing  is  done  until 
the  following  day  before  loading  the  holes. 

As  said  before,  a  strong,  quick  explosive  like  50  per  cent 
or  60  per  cent  Straight  N.  G.  is  best  for  springing  in  hard 
rock.  For  loading  the  chamber  an  explosive  of  lower 
strength  and  slower  action  is  best. 

Secondary  Drilling. — For  a  secondary  drilling,  rotating 
hammer  drills  are  most  satisfactory  and  are  now  generally 
used.     It  is  good  practice  to  drill  the  large  stone  rather  than 


to  resort  to  adobe  blasting,  Ol    mud  nines  about 

-  cent  as  much  dynamite  loaded  Id  b  block  holi  to 
break  a  stone  as  it  would  require  to  "doby"  it.  Moreover, 
an  explosive  of  lower  strength  than  is  used  [or  primary 
sliooting  can  be  used  for  block  hole  work.  Whereas,  a  Btrong, 
quick  explosive  is  n  quired  toi  mud  i  apping,  a  -11  per  cent  or 
cent  ammonia  dynamite  is  advised  for  block  holes 
in  the  dolomites  or  bard  limestones,  and  nothing  higher  than 

10    per  .'.'lit   for    traps   or    granite 

Mud  capping  should  not   p.-  allowed  except    In 
toi   ii   i-  very  wasteful.    When  mud  capping  la  practiced  the 
cost    .'i    secondary    blasting    averages    about    tour    ton-    pet 

pound    ol    .  xpiosive.    while    i.i hole    work   the   cost    runs 

from   1">  to  18  tons  per  pound  of  expla 

only  the  best  blasting  accessories    ihould  be  used  In 
nection  with  explosives.     Great   care  should   be  exercised    •<< 
testing  electric  blasting  caps  and  in  making  connections,  the 

joints  being   made  tight,  clean   and   dry       Only   series   mi 

nun,  .an  be  made  when  blasting  machines  are  used  as  a 
source  of  current,  because  these  machines  are  designed  only 
for  series  firing,  having  a  low  amperage-  about  l%  and  a 
voltage  sufficient  to  fire  their  rated  capacity. 

Firing  the  Blast. — It  is  hest  to  fire  big  blasts  with  a  power 
or  lighting  circuit.  Either  direct  or  alternating  current  oi  25 
cycles  or  over  will  do.  It  requires  1V2  amperes  to  fire  any 
number  of  electric  blasting  caps  in  series,  but  this  strength 
of  current  must  be  maintained  all  along  the  circuit.  I 
tore,  the  greater  the  number  of  caps  in  series,  the  higher 
the  voltage  or  pressure  necessary  to  hold  the  current  up: 
l'j  amperes  and  a  voltage  equivalent  to  l'_.  times  the  num- 
ber of  caps  in  the  series  should  be  supplied.  It  is  better, 
however,  when  power  is  used  for  tiring,  to  connect  electric 
detonators  in  parallel  or  parallel  series.  When  straight 
parallel  is  used,  which  I  like  best,  in  well  drill  work  with 
electric  blasting  caps,  '._.  ampere  should  be  provided  for  each 
cap  in  the  circuit.  In  this  case  a  high  amperage  but  a  low 
voltage  is  required.  In  parallel  series,  at  least  1%,  and  better 
-.  amperes  should  be  provided  for  each  series. 

In  priming  deep  well  drill  holes,  it  is  advisable  to  use 
sullicient  detonators  distributed  along  the  charge  both  to 
assure  thorough  detonation  and  to  afford  a  way  out  in  case 
one  should  be  broken  during  loading.  At  least  two  caps 
should  be  loaded  in  any  bore  hole,  for  assurance.  Missed 
holes  are  expensive  and  often  fraught  with  danger  and  no 
effort  should  be  spared  to  prevent  their  occurrence.  If  proper 
.  are  is  used  in  making  connections  and  rules  and  instructions 
are  carried  out,  there  should  be  much  less  trouble  from  this 
source  than  unfortunately  exists  now  in  man]   quarries 

Cordeau-Bickford  or  detonating  fuse  is  coming  into  general 
use  for  firing  large  blasts.  Cordeau  is  especially  well  adapt- 
ed for  well  drill  hole  blasts  and  is  a  very  safe,  sure  and 
efficient  detonator.  It  is  besides  very  easy  to  manipulate. 
Cordeau  consists  of  a  lead  tube  about  .22  in.  in  diameter. 
Tilled  with  T.  X.  T.  It  has  a  rate  of  detonation  of  about 
18,000  ft.  per  second  and  is  therefore  of  great  value  as  a 
detonator  in  quickening  slow  explosives  and  assuring  com- 
plete detonation  of  explosives  of  low  sensitiveness.  It  is 
unnecessary  at  this  time  to  explain  its  use  as  explosives 
manufacturers  will  furnish  on  request  descriptive  booklets 
showing  how  to  manipulate  this  material. 

The  storage  of  explosives  is  very  important  but  this  matter 
is  often  sorely  neglected.  They  should  be  stored  in  dry,  well- 
ventilated  magazines.  Brick  is  the  safest  material  to  use  in 
construction.  The  walls  of  a  magazine  should  be  thick 
enough  to  be  bulletproof.  Cases  of  high  explosives  should 
be  used  stacked  in  proper  position  and  the  oldest  dynamite 
should  be  first.  Blasting  accessories  stub  as  electric  blast- 
ing caps  and  blasting  caps  should  be  stored  in  a  separate 
building  which  should  be  cool  and  dry. 

The  Blasting  Superintendent-  It  is  interesting  to  note  that 
quarry  operators  are  giving  more  attention  to  the  subject  of 
explosives.  Many  of  the  larger  companies  have  in  their 
employ  a  blasting  superintendent  who  devotes  all  his  time 
to  a  study  of  the  blasting  methods,  and  results  obtained,  and 
keeps  in  touch  with  the  various  plants,  advising  and  con- 
sulting the  local  superintendents  Accurate  cost  data  are 
kept  and  in  many  instances  a  great  saving  has  been  accom- 
plished, proving  that  close  attention  to  this  Important  ques- 
tion is  worth  while. 

It  is  not  possible  for  all  operators  to  employ  a  blasting 
superintendent,  but  it  is  within  their  power  to  see  that  the 
blasting  is  under  the  supervision  of  an   intelligent   foreman. 
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Tins  man  should  keep  and  render  dall)  a  report  to  the  office 
showing  the  quantit)  ol  explosives  used  tii.it  day,  the  purpose 
ior  which  they  ware  used  and  where,  with  remarks  Bhowing 
-ults  obtained  In  the  blast      in  this  waj   onlj   can  a. 
record  ol  an)   vain,-  be  obtained     He  should  be 
see  that  explosives  Ij  stored  and  prop- 

. rly  used.     He  should  keep  a  record  of  stock  on  hand,  Bee 
that  the  oldeal  si.uk  is  used  tirsi.  anticipate  his  needs  far 
ahead  to  avoid  running  out  and  report  these  to  the 
superintendent    It  is  within  the  power  o(  1 1»« ■  blaster  either 
-   or  waste  a  considerable  amount  of  monej      it  Is  ad- 
therefore,   thai   an   Incentive  should   be   given   good 
men  to  take  that  position  by  making  the  remuneration  com- 
mensurate with  th<'  danger  and  responslbilltj  Involved 
in  conclusion,  let  me  state  that  while  undoubtedly  there 
sen   an    awakening   of   Interest    In    explosives   among 
quarrymen,  there  is  still  room  for  further  Improvement  along 
this  line.     Much  is  still  to  be  done  In  thi  duclng 

ng  efficiency  and  economy  In  quarrj  blast- 

The  Pay  of  Technical  Engineers  in  Railway 
Service 
Some    Interesting    points   regarding   the   compensation    of 
ngineers  In  railway  Bervice  were  brought  out  in 
a  statement   submitted   April   15  to  the   United   States   Rail- 
Labor  Hoard  by  A.  M.  Van  Auk. mi.  Chicago     We  quota 
from   his   statement   as   follows: 
The  increase   In   wages  of  railroad   employes  and   gi 
en   the   years    1892   and    1914,    when    the   classification 
hanged,    is    shown    by    the    records    of    the    Interstate 
Commerce   Commission    to    have    been   as   follows: 
\  \ . 

ij     per  da>      Increase 
1914.      1892-1914. 
5)10.46        $16.08  m 

i.23  6.48  \  '■ 

1.01 
label-       (station 
and      dls- 

■  SI  1.77  '.'7 

1   19  1    I 

21 
19  2.  54  1G 

Engineers   under    the    Adams   Classification,   under    which 

accounts     were    kept    in  9,    were    included    under 

"Minor  Officers"  and  "Clerks." 

The  Bureau  of  Railway  Economics  compiled  from  the  re- 
ports to  the  Interstate  Commerce  Commission  and  pub- 
lished on  .May  !'.  1921,  the  figures  from  which  the  following 
are  abstracted: 

Number  of  empl  rage  annual 

compensation. 

Pi  r  cent 
1916. 
No  •  mp  p.    Av.  S 

$5,428         120.7 
166.1 
rs     and 
■ 

187  1 
•    W.   and   S.    ; 
men 





The  technical  engineer's  salary  is  a  very  small  item  In 
the  entire  payroll  of  the  railroads.  From  the  same  source  as 
above  the  following  figures  are  taken 

1916.  1320. 

eni- 

1 1 . 7 ::  7  506  19 



Considering  that  the  work  of  valuation  was  not  well  under 
way  in  1916,  and  the  large  increase  in  that  division  of  work 
In    the   period   considered,    the    Increase    in   number  of   em- 

ii  win  be 

that   '  ■  rvice   had   shrunk 

Uy  in  comparison  with  the  total  payroll. 

The   -  ,iv    is   bUI   a   small   Item   in   the 

:  the  work  be  designs  and  Bupervisi        The  following 
■  s  are  from  •  i-  the  last  two: 

1920. 

•  '143.063 

it  v  •   expense  for  en- 

draftsmen  in  half   in   1920  Of  what 


Figures  .ue  not  obtainable  to  show   the  losses  in  dollars, 
nothing  of  the  toss  oi   life,  which  results  from  lack 
ol    Inspection   and    supervision    ol    track    and    structun      b 

highly    skilled    men. 

Figures  ol  the  American  Ratlwaj  Association  show  that 
rail  failures  per  100  trai  k  ml  bj   more 

I   supervision   b>    the   railroad   engineers   from 

1908  to  S2  in   1916.    Thai   refei     to  the  rails  rolled  in 

..ni  we  estimate  the  value  ol   property   and   number 

t>\    lues   which   this  one   item   has   saved'.' 

one    instanre    where  track    had    b i    laid    In 

such  a  manner  as  to  nullifj   the  derail  at  a  rallro 
cosl    man]    lives  and   more   than   Ave   years  cosi  ol   ..> 
quale   engineer  department 

Considering  the  small  i   of  the  engineering  or- 

ganisation in  the  total  expense  of  railroad  operation,  and  the 
large  item  which  is  affected  bj  the  difference  between  fair 
and  host  design,  I  would  ask  that  your  honorable  board 

serious    consideration    to    the    interests    of    those     whose     iii- 

vestments  are  rendered  Bafe  or  periled  bj  proper  Bupen 

and   the    public   and   empl,...       tvhOSi  Piled    hy   un- 

jign  or   improper   Installation. 
Novii  i,   overworked    engineers,    engineers    who 

have  not  opportunity  to   supervise  and  observe,  cannot   pro- 
<        torci    should  be  adequate,  aide,  and  Imbued  with 
utmost   loyalty. 

idj   in  1918  i  n  the  s  eare  a  col- 

course,  caretuU]   considering   ail  phases  of  the  matter, 
showed  that  .ii  nine  technical  schools  the  average  minimum 
o  I    ol  educatii  i  ourse,    was    (5,220.     11 

would    probably   be  almost    double   now.     in  comparing   the 
the  engineers  with  othei    classes,  it   should  be  kept 

in  mind  that  the  engineer  has  invested  this  amount  of  money 
and  four  years  of  time  In  himself,  and  should  be  given  Con- 
sideration accordingly  He  is,  also,  probably  a  more  ambi- 
tious man.  else  he  would  not  have  persevered  tor  his- 
'ion. 
The  nature  of  the  engineei  s  employment  and  training 
tends  to  bar  him  from  advancement  in  the  hroader  fields  of 
railroad  service.     He  Buffers   from   departmentalism,     A   study 

made  in  1918  of  ten  engine'       .   graduates  who  entered  rail- 
road service  in  isuv  and   ten   clerks  who  entered  the  same 
•   tune  indicates  that  the  chance  for 
advancement   is  not  marked])   in  favor  of  the  engineer.    The 

following  hemes  shew   tin        suit  ol  the  study: 

Max         Min,       Max        Mm 
Salarj 
Salarj    in    191S  500  125 

e    salary   for    80    v  ■  345  108  Is''.  90 

age    salary    of    all    fOl  .  .  188 

L.  A    Downs,  vici  and   general   manager  of  the 

Central    of   Georgia    R.    I;  .    in    his    address    on    opening    the 
annual     convention    of    the     American     Railway     ESngini 
Association    in   Chicago   on    March    14th,   1922,    made   the    fol- 
lowing  statement    as   reported   in    the    Daily    Railway     \l.- 

"I  sent  a  questionnaire  to  19  Universities  a  short  time  ago 
— 19  representative  schools  ol  the  United  States  to  which 
I  received    1.".   replies.      Out    ol    these  replies   there  were  twelve 

that  gave  definite  Information  as  to  then-  graduates  Dating 
the  past  le  >ears.  from  I'll  to  1921,  there  were  8,008  grad 
nates    in   civil    engine*  I.    surprising    as    it    may    s.ein. 

only  272,  or  '.>  per  cent  are  working  for  railroads,  1  did  not 
find  out  how  many  of  the  engineering  departments  ol  the. 
railroads  were  gradual'  ol  engineering  BChOOlS,*  but  ill  the 
Of  two  railroads,  where  1  had  a  count  made,  that  em- 
ployed about  360  engine'  rs,  only  abOU  'it  are  grad 
uates  of  technical  schools  Something  must  he  done  to  bring 
trained   men    into   railroad    work. 

"In  the  southeast   I  made  a  canvass  to  discover  what    Wages 

are  paid  to  the  young  engineering  graduate  who  desires  to 
enter  railroad  work  in  the  engineering  department,  and  I 
found    the  $118    monthly.      I    am    net     in 

thy    with    the   so. ailed    welfare    work    of   another    engi- 
neering   society    in    its    Uplift    of    wages,    hut     I    want     to    sav 

thai   if  the  manage)  railroads  "i  the  United  states 

want   the  services  of  trained   men  they  must   fl\  some  attrao- 

tart  on.  When  we 
pay  a  fireman  $  17.r>  a  month  to  siart.  a  Bagman  sin.  ;i 
switchman  6181,  a  car  repairer  $143,  and  a  graduate  ol  a 
technical  engineering  school  slls.  there  is  something  wrong 
with    the   principles  of   the   wages   paid   on   railroads" 

. 
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11    Types  of    Railroad    Crossings 
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•  •  .  i-  ■  • 

Railway 
Ject.    A 


been  built  by  i 

to  the  attention  of  the  Commit?- 

Large  amount  of  Taloable  information. 

in?*  »as  ?;v<-::  in  a  preliminary  report  present 

at   the    ir.r..ii   convention   of    l  rm. 

-     grouped    in    Ave  accordance 

.  below;  the 


■oath 

■■■:■■--   I 


figures   -under   the   group  headings  indicate   the   number  of 
crossings  of  that  group  included  in  the  report: 


a  tan  ■  -.?.*.: 


■ 


Pffff»^  material 


Solid  <v.  .- 

tlab. 
•    --'v   ■  .=.-  •■ 

■•aAa  'A 
Emulsified  aspbart. 

Faring;  pilt* 

Imatu  Anrnw. 

Jenni;  B 

F  *:JT'A.«    rsi- 

Sru  U 

Brick. 

Wood.. 

Distetesrated 


f-1      -~"  '  —      y|~  _  —  —  ';• 


"  _  -  •  ' 


T^::;ggsp:- 


- ..       '.'.-■    '-.;'.'. 


~-r  :.'■-•  z  ;-----•-;  ;;-.■-. 
many  of  which  were  risited  by  a 
Data  in  regard  to  others  -rat  ob' 

c.- .  '.?;  —   •-   :■■■.  -.:.=.-- ..----      "   • 
..-.i  -    :.  -.-■  -      ■--■     :__--■.--. 
sions  as  to  maintenance  cost  an 
rei  bed 

"-•-;.    -  . :..  r.-.  i  •  .2---  ■;    •  i ;-   -  •  •-  ■  .        :   .•  •-        .  -    .  -     -   i  -   • ;  \  \ :  -■  - 

We  do  not  find  many  crossings  of  this  type,  and.  where 

-1--      •-i}  i"%     t^-     ".I     VS.  ••■■-     V-:-..     ■  ■-      .:     ;.•.-.>     Ti 


■ 

•  -_-.    •■■   :.—.  i:     .-•-•: 

•  ■  :  -  •  •    •.  i  e  -  e 

■  .    .  ■  •  i  •  -   -.  ■.  i 
.  ■  :•      -.--■-;•    :-. 


•:•  ■::.  mstrated  hi  that  ■  hen 


been  used  on  a  number  of  rail- 
installations 

;  laced,  cross- 


«~^i  ;- 


ings  should  bare  good  drainage  u>  prei  -       •-■-■■  :ng  in  winter 
time. 

ings.    The  main  trouble  - 

of  the  concrete  plank  disinter  i  I . .  - g 

:.•.«■    -  -    '     ;  .i' .  •:    ■:'..;-    :jv»    ■    •    -  -    ■•     . '        •  •  -  •    ;•••-•?•:. 
Bituminous  Materials — 

• 

'  ■  -  first  cost  of  installation   is  lover  and 

•   Iron — Plate  Type — 
This  type  of  crossing  is  not  - 
be  in  an  experimental  stage.    One  -  installed  in 

■    •■  . 

■ 

---_..     .  -      •     -     .    .        ■  ,-,.    •■  .  -         -■■...-    -  ■    .:■■(.     _■-.    -_:■■ 
being  made  of  heavier  material.     '  i  -.stalled  on 

the  B.  k.  0   R.  R   at  Cineiiina?  -eems  to  be  a  ten- 

:-:.':•   '   .•   ■  ■•-. •:.•£•■". n  vei.'.^.r   "     ;  '       ".:■:•-     '   '".  =  ■  '.; 

when  pn—flik 

Railroad  Rails — Steel  or  Iron — 
-    ■ 
- 

-  are  not  been  used  in  high  speed  tr  s    ■ 
Paving  Blocks — 

This  type  of  crossing  is  use.  ties  and  particu- 

larly where  the  adjacent  street  fib.  blocks  or  where 

ordinances  require  their  use. 
Ballast  Material— 

Crossings  of  ti  to  be  used  mo- 

•■■■:■£■     i-.:   Tj  •?>:»;;.:  v;--.       £"•  "il- 
;     •■■•-•     ;--_;     -     •<■£•_-•   :•       ■■      ■    ■      .-    :    :•     :'.    ■•:■-.'."-. 
UOon 

Monolithic  Concrete  Crossing.  M-  8.  &  P.  S.  ft.  &  M.  Ry.. 
Waukesha.    Wis.      Fan,  Being   was   installed   in 

1*35. 

Old  ballast  was  removed  and  replaced  with  crashed  rock 

;::    •.-'•'       ii    ■  -•    ;.'.     •       7  ■  ■ ;-.---;-"*..•»'  t 

-    T-.i;~      -:    '---•"!■-:    i-.i"     •  •-;-:-   --^    ;   =-e:    -y 

contractor  who  pared  street.    Concrete  extends  from  bottom 
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p  ,.i   rails  .imi  between  main  rail  and  guard  rail 
the  top  "i  the  I  In    bolt  U  Ing  them  together,    O 

ring    was    i"'    el     per    sq    ft.     This    does    not 
include  any  work  done  In  preparing  the  roadbed  or  track 
This  crossing  has  been  In  Bervice  about  6  yean      There  lias 
•  ..  maim.  nan.     i  onnei  ted  w  nil  l(  i  x<  epl  lot  the  cracks, 
ih.-  total  cost  being  about  So. 


Concrete  Slab  Crossing. 


Cedar   Rapids 


i  drainage  provided      \n  sin    plank,  i  In. 

thick,   beveled   '"   provide   the   proper  flangeways,   was   then 

placed   on   the  inside   ol   each    rail   and   at   the  ends   ol  the 

.  .  i.  \ .  1  with  the  top  ol  the  rail.    While  the  above  work 

was  being  done  two  mixtures  ol  clean  stun.,  and  Tarvia  K.  P, 

we ade     One  con  I  ted   ol     :    in    to  i:i,    in    si ,  and 

one  "i   particles  of  Btone  up  to   '•.•  In.  In  size,  mixed  In  the 

proportions    Ol   1  ■■-,    CU.    ll     Ol       toni     tO    1    gal     Ol   Tarvia    K.    P, 

and  allowed  to  cnri  rlod  ol   24   to   18  hours 

using.    After  the  mixtui .      wen    thorough!}  <  ured  the  courser 

».  >■  ■  ■ 


.  No  3    9+ont 

Tarvia   K.   P.  Crossing,   B.  &  O.   R.   P..   Dayton,  O. 

(F-ig    2  '•'  in  a,    1918.     Cost    pei    sq 

57  ct 


labs  were  installed  on  two  tracks  ol  the  C,  M 
P    r3  .  0ne  trai      i      R.  I.  &  P    Ely  .  and  two  trai 
ft  N    W*.  K>      Th<  paved  with  asphalt  with 

n   Hi   the  crossings      The  five  tracks  are  paved 

crett    slab-  between  the  rails  and  tor  a  distance  of 

1   ft..  6   In.  outside  the  rails.     The   tracks   were  not   well  bal- 

belore   the   installation   and   provision    was  not  made 

lor  drainage.     Tie  '    Sq     It.    is   only   the  cost 

of  manufacturing  the  slabs  and  does  not  include  placing  them. 

The  only    maintenance  expense   incurred   has  been  in   re 

moving  the  slabs  to  resurface  the  tracks      However,  in  the 

■    ,  ks  there  are  thirteen   -labs  that  need  renewal.     Con- 

Bidering  the  traffic,  these  slabs  are  holding  up  fairly  well,  but 

been   more   or  less   damaged   by   being   picked   up   and 

replaced  to  permit  resurfacing  ol  the  track. 

Concrete  Slab  Crossing,   Illinois  Central   Ry.,  Chester   Ave., 


6CufT  nsnc  a+>-ie 


—  Kentucky  Rock  Asphalt  Crossing,  C.  4  O.  Ry..  Augusta,  Ky. 

one  was    i   •  ■.el  "in   the  i       ■  .■ .  In   di  ep,  and  altei   being 

thoroughly  tamped,  a  sufficient  quantity    ol  the  finer  mi 

was    spread    over    this    to    make    11    level     with    tl 

rail,  alter  being  thoi  enped  and   rolled      The  city  of 

Dayton  furnished  a  roller  to  roll  the  i  ost. 

this  kind  which  have  been  In  Bervice  for  two 

wars  have  required  only  a  Blight  amount  of  maintenance. 
which  can  he  done  at  a  cost  ol  approxtmai  per  sq. 

ft.:  others  which  have  been  In  service  on  densely  traveled 
streets  required  no  period  of  one  year. 

The  cits  ol  Dayton  at  first  objected  to  the  Installation  of 
these  crossings  in  1918,  but  after  allowing  the  construction 
ni  one  crossing,  are  now  insisting  that  all  crossings  he  made 
of  the  same  construi 

Tarvia  Crossing,  B.  &  O.  C.  T.,  121st  St.,  Whiting,  Ind. 
(Fig.  5).     Crossing  installed  May,  1920.    Cost  per  sq.  ft.  33  Ct. 

Good  drainage  was  first  furnished  crossing  and  track  put 
in  good  condition  with  regard  to  ties  and  ballast.  Stone  bal- 
last was  placed  to  within  3  In  ol  the  top  of  the  rail.  On  top 
of  this  a  mixture  of  I  cu.  ft.  of  ballast  and  4  cu.  ft.  of  con- 
crete stone  and  6  gal.  of  Tarvia  K.  P.  was  placed;  on  top  of 


Fig.   5.— Tarvia    Crossing.    B.    &    O.    C.    T..    Whiting.    Ind. 
Champaign,  III.   (Fig.  3).— Crossing  installed  May.  1920.     Cost 
per   sq.   it ..    $1.60.     Average  number   vehicles  using  crossing 
per  24  hours,  1.600. 

The  slabs  are  precast  and  placed  directly  on  the  ties.  To 
prevent  creeping  they  are  fastened  to  the  ties  with  si-in.  x 
9-in.  lag  screws  The  edges  are  protected  by  %-in.  metal 
strips  and  where  the  wear  is  unusually  great.  Kahn  Curb  bars 
ovided.  Beveled  ramps  are  cast  on  the  ends  of  the 
slabs,  inside  and  outside  of  the  rails,  to  prevent  dragging 
parts  on  moving  trains  tearing  up  the  crossing.  The  inside 
slabs  are  5  ft  6  In.  long  and  25  in  wide,  while  the  outside 
Slabs  are  IS  in.  wide  and  the  same  length  Reinforcing  rods 
used  as  shown  in  plan  The  cost  of  this  crossing  was  $1.60 
per  sq.  ft.  In  place. 

This  crossing  was  installed  Maj    26,  1920,  and  a-  yet  shows 

no   wear.     There  has   been   i aintenance  expense   and  the 

llg  has  proven  entirely  sal  isfactory. 


FIB 


6'-o" 
8. — Asphalt  Crossing,  C. 


Evansvllle, 


this  a  top  dressing  of  v  cu  It.  ol  concrete  stone  and 
Tarvia  K.  P.  was  used.  The  mixture  was  not  rolled,  as  there 
were  sufficient  heavy  trucks  going  over  this  crossing  to  act 
as  a  roller.  On  one  installation  Btone  Bi  reenings  were  tried, 
but  it  was  found  that  they  absorbed  too  much  of  the  Tarvia. 
and  therefore  were  not  used  in  the  crossing  in  question. 

This  crossing  has  been  in  service  about  a  year  and  is  giving 
good  service.    The  town  people  seem  well  satisfied  with  it 

Emulsified  Asphalt  Crossing,  Central  Indiana  R.  R..  Brown 
St..  Anderson,  Ind.  (Fig.  6).— Crossing  installed  November, 
1920.  Cost  per  sq.  ft..  2 1  ct.  Average  number  of  vehicles 
using  crossing  per  24  hours,  500. 

\11  ties  and  angle  bars  were  renewed  and  rails  tie  plated 
Crossing  was  then  filled  to  top  of  rails  with  new  gravel  and 
allowed  to  pack  for  about  two  weeks.  Surface  was  then 
removed  to  a  depth  of  3  In.  to  4%  in.  and  emulsified  asphalt, 
ready  mixed,  with  screenings,  applied,  rolled  or  tamped  firmly. 
Top  dressing  of  liquid   asphalt    and   sand   then  applied.     No 


with  tferving  Pifch  ^raimr 


and  tfevir*)  Pilch 


Fig.    6. — Emulsified    Asphalt 


osslng    Central    Indiana 
Anderson.   Ind. 


Tarvia  K.  P.  Crossing,  B.  4  0„  3rd  St.,  Dayton,  O.  (Fig.  4). 
-  (Tossing  installed  October,  1921.  Cost  per  sq.  ft.,  22  ct. 
inbei   rehicles  using  crossing  per  24  hours,  1,000. 

Tracks  were  fli  i  put  m  good  condition,  ties  renewed  and 
fully  tle-pla'-  WW)    'bailed  to  a  depth   of  fi 

In.  below  the  bottom  of  the  tie  over  the  full  width  of  the 
crossing      Tracks   were   lined    and    surfaced,   rail   renewed,   if 

(80) 


9. — Paving 


flange  rail  was  used. 

This  crossing  installed  Nov  12,  1920.  is  in  excellent  condi- 
tion and  has  proven  satisfactory  In  every  respect  Used  bj 
about  600  vehicles  every  24  hours. 

Kentucky  Rock  Asphalt  Crossing,  C.  4  O.  Ry.,  Augusta,  Ky. 
(Fig    7).      Crossing    install tober,    1920.      Cost   per*    ft., 


Engineer  ng   and   Contracting    foi    April    19,    in: 
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26  cl  Average  number  of  vehicles  using  crossing  per  24 
hours.  998 

Good  drainage  was  first  furnished  croi  nd  track  pulled 

and  put  in  good  condition  •>-  t"  ties  and  allasl  sioue  bal- 
last was  th.  n  placed  to  within  2  iii.  of  the  'op  ,,i  iii,  rail.  On 
top  ot  this  was  placed  a   mixture  of  Kei  |    asphalt 

to  a  thickness  ot  2  in.     The  mixture  was  then  roiled  with  a 

Oad    roller   and   the   crossing   put    in 

This  crossing  has  been  in  service  on,  ,i;,i  jS  giving 


- — —  WicHh   of  Pbiwrr»o+  ■ 


PLAN 
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SECTION  A-A 


SECTION  B-B 


Fig.    10. — Steel   Crossing.   F'ate  Type,  C.  &   N.   W.   Ry.,   Chicago. 

excellent  service.  The  town  people  are  well  satisfied  with  it, 
as  many  other  crossings  of  the  same  material. 

Asphalt  Crossing,  C.  &  E.  I.  R.  R.,  1st  Ave.,  Evansville,  Ind. 
(Fig.  8).— Crossing  installed,  1921.  Cost  per  sq.  ft..  75  ct. 
Average  number  vehicles  using  crossing  per  24  .hours,  1,000. 

New  ties  were  put  in  and  rails  tie  plated.  A  concrete  base 
was  installed  to  a  depth  of  6  in.  below  bottom  of  ties.  Rails 
were  placed  on  each  side  of  running  rail  and  at  ends  to  form 
flangeways  and  headers.     These  rails  were  notched  out  to  fit 


5FTCTIOM  A-A 


Fig.     n._steel    Cros 


t.    &    L.    R.     R. 


close  up  to  the  running  rail.  A  5-in.  standard  asphalt  street 
surface  was  then  put  on.  Estimated  cost  was  75  ct.  per  sq. 
ft.  On  account  of  cutting  out  flange  rails  for  spikes  by  hand, 
the  cost  was  much  larger  than  it  would  have  been  if  notches 
had  been  burned  in  with  acetylene  torch. 

This  crossing  is  in  excellent  condition.     Has  been  In  serv- 


Ice  tor  about  six  months  and  show      no  sii;n  iii    wear  under 
heavy  traffli 

A  Paving  Pitch  Crossing,  T.  H.  &  E.  R.  R.,  Terre  Haute,  Ind. 

(Fig.  9).    Crossing  installed.  Jin:'      Average  number  of  vein 

cles   using  crossing  per  24   hours.  1,200. 

Ballast   was  removed  to  bottom  of  tiee  and   then  largi 
crushed  stone  put  in  and  hot  paving  pitch  poured  on      Next 
a   dressing  of  screenings  and  another  coat   of  paving   pitch. 
Thoroughly  tamped  in  place.     Standard  Asphalt  Refining  Co   s 
paving  pitch  used.     No  cost  data  available. 

('tossing  was  damaged   in   1920  by  an   Interurban   cat 
ing   track   and   was   patched   with   Tarvia,     Also   patched   by 
Indiana    Stale   Highway   Commission   with   emulsified   asphalt. 
Apparently  giving  good  service  under  heavy  traffic. 

Steel    Crossing,   Plate  Type,   C.  &   N.  W.    Ry.,   Chicago    (Fig. 

10).— crossing  installed  February,   192]      Average  number  of 

vehicles   using  crossing   per  24  hours.  900. 

Crossing  was  installed  by  the  manufacturers  at   their  own 
expense.     The  ties   were  about  9  months  old  when  the  cross- 
ing was  put  in.     It  is  fastened  to  the  ties  by  :i  in.  lay     , 
Xo     «ork    was    done    on    the    track    in    preparation    lor    the 
installation. 

Present  crossing  has  been  in  service  about  six  or  seven 
months.  The  lag  screws  are  loose  and  the  sections  of  the 
crossing  work  up  and  down  under  the  heavy  traffic,  tin  ac 
count  of  being  located  on  one  side  of  the  center  of  the  street, 
it  does  not  receive  a  fair  trial.  The  rest  of  the  crossing  is 
planked.  Horse  drawn  vehicles  seem  to  avoid  the  steel,  if 
possible.  The  loads  passing  over  are  heavy,  and  the  top  of 
lie'  steel  crossing  is  slightly  bent.  This  might  he  overcome 
by  placing  a  steel  plate  on  top  of  the  tie 

Steel  Crossing,  Railroad  Rails,  C.  I.  &  L.  R.  R.,  Lafayette, 
Ind.  (Fig.  11). — Crossing  installed,  1915.  Cost  per  sq.  ft., 
50  ct.  Average  number  of  vehicles  using  crossing  per  24 
hours.  :;oo. 

Ties  and  rails  being  renewed  and  light  rail  bases  laid  touch- 
ing between  the  running  rails  and  spaces  filled  with  concrete. 
The  first  rail  on  each  side  being  laid  with  the  ball  next  to  the 
running  rail  so  as  to  form  a  flangeway. 

There  has  been  no  maintenance  to  date  and  the  crossing  is 
in  excellent  condition.  About  300  vehicles  use  it  every  24 
hours.  The  cost  of  the  crossing  depends  upon  the  scrap 
price  of  the  rail.  The  labor  for  installing  is  not  much  greater 
than  that  of  4-in.  plank  crossings. 


Wholesale  Prices  of  Building  Materials 

The  following  table,  reprinted  from  the  December,  1921, 
Labor  Review  of  the  I".  S.  Bureau  of  Labor,  shows  the  whole- 
sale prices  of  building  materials  at  date  peak  was  reached 
and  in  August,  September  and  October.  1921.  expressed  on 
percentages  or  the  average  price  in  1913: 


Article. 


i: 


1920 

1920 


[921. 

201  1 

269.9 

111  7 


Brick,   common,   at   kiln,    average    for 

United  States Vug      1920 

Gravel,    at    plant,    average    for    United 

States    Dec.     1920 

Hollow  tile,  Chicago   In 

Lime,  common,  lump,  nt  plant,  aver- 
age for  United  States Oct., 

Portland  cement,  at  plant,  average  for 
United  States  Sept 

Sand,  at  plant,  average  for  United 
States    i  ie> 

Slate,  roofing,  New  York   Aug 

Bars,  reinforcing,  Pittsburgh   July, 

Nails,  wire,  Pittsburgh   ran., 

Structural  steel,  Pittsburgh   ....  June 

Roofing  tin,  Pittsburgh    Nov. 

'  last  -irnn  pipe,  New  York   Sept 

Douglas  fir.  No.  1.  at  mills   Jan 

Hemlock.   Chicago    Mar 

Lath,  at  mills I •',  b 

Red  cedar  shingles,  at  mills  Fi  b 

White  "ak.  Cincinnati    Mar, 

Yellow  pine  flooring,   at   mills    Feb., 

Timbers,     southern     yellow     pine      at 

mills     Mar. 

Plate  glass.  New  York Aug 

Window  glass.  New-  York   Aiil; 

Linseed   oil.  New  York    Aug 

Putty.  New  York   ran 

Turpentine.    New  York    Ani  . 

White  lead.   New  York    .  Mar.. 

The  above  prices  were  obtained  either  by  averaging  re- 
ports from  a  number  of  producing  areas  or  by  using  quota- 
tions from  a  single  representative  market  as  indicative  of 
prices  in  other  markets.  In  all  cases  the  information  is  be- 
lieved to  indicate  correctly  the  trend  of  prices  for  the  country 
as  a  whole. 


miii 

213.5 

17..   1 

1920 

1IH7 

327.1 

119  9 

1920 

164.9 

1917 

115.9 

191  , 

10 

167.2 

I!  20 

202.4 

107  3 



1920 

12S.7 

1920 

IS6  S 

137  9 

1920 

346  8 

168  x 

1920 

388.4 

i  [6  i. 

[55 

184.8 

.   , 

517.5 

134.4 

1920 

3  20.:. 

153.5 

191S 

295.2 

231.0 

I'M1' 

V-:«   1 

147.2 

I 

L'2fi    1 

179.2 

IV'II 

on  ■ 

[76  1 

9 

181.2 

(81) 
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Some  Conclusions  on  the  Construction 
Situation 


Summary    of    Address    April    4,    Before    National 
Federation  of  Construction   Industries 
HERBERT   HOOVER 

During  the  past  ten  months  the  Department  ol  Commerce 
has  given  Inti  nsivi  Btud]  to  the  situation  In  the  construction 
industry;  in  the  national  needs  in  building  and  construction; 
in  the  manufacture  and  distribution  ol  materials  to  con- 
struction,  to  its  finance,  and  to  its  conditions  ol  labor  We 
Btudied  the  form  ol  trades  organizations  and  their 
practices      l   have   had   the   advantage  ol   conferences    with 

many  hundred  leading  manufacturers,  engii rs,  architects, 

i  ontractors  and  labi 

The  department  lias  been  systematically  co-operative  with 
the  Industries,  endeavoring  to  give  Buch  assistance  as  the 
ami  tn  can  properly  take  in  relief  ol  the  housing  short- 
i  believe  much  lias  been  accomplished. 

l  have  been  urged  by  the  leading  men  In  these  activities 
that  I  should  take  this  occasion  to  frankly  express  our  con- 
CluslonB  in  the  matter.     This  can  be  done  very  simply: 

First:  The  practices  of  Borne  small  minority  are  unen- 
durabli  mear   with    shame   the   high   standards  of 

an  business  and  labor,  they  drag  in  disrepute  thai 
vast  majority  of  good  men  in  these  vital  industries.  This 
situation  simply  must  be  cleaned  up.  The  government  ran 
catch  occasional  crooks  but  the  cleaning  can  be  done  in- 
finitely better  by  the  decent  men  in  the  industry  if  they  will 
organize  to  do  it.  It  must  be  done  if  we  would  protect  our 
business  and  commerce  from  the  steady  invasion  of  regula- 
tory  hands  of  the  government.  I  wish  to  emphasize  again 
that  the  vast  majority  of  men  in  these  industries  do  not 
engage  in  these  practices  but  some  out  of  self-defense  are 
forced  into  them  by  others. 

Second:  A  great  field  of  service  to  the  industry  itself 
and  to  the  country  as  a  whole  lies  in  the  elimination  of 
those  great  indirect  wastes  which  are  beyond  the  control  of 
any  one  individual  man  or  concern  and  can  therefore  only 
be  accomplished  by  associated  action.  And  if  we  would  se- 
cure the  housing  and  construction  now  so  badly  lagging  be- 
hind our  needs,  we  must  cheapen  its  costs.  It  can  be  cheap- 
ened at  a  gain  in  stability  to  the  industry  and  still  hold  high 
standards  of  living  amongst  the  vast  army  of  workers  in 
the  industry.  Efficiency  in  industry  is  more  important  to 
the  nation  than  the  margins  of  profit  or  the  rates  of  wages 
over  which  we  do  most  of  our  quarreling. 

Third:  To  accomplish  these  ends,  we  need  cleaner  or- 
ganization of  the  trades,  not  the  destruction  of  trades  or- 
ganization. The  initiative  of  the  single  individual  is  the 
most  precious  part  of  our  whole  economic  fabric.  But  there 
are  limits  beyond  which  if  we  would  make  the  full  field  of 
national  efficiency,  we  must  have  co-operation  between  in- 
dividuals. This  is  not  a  limitation  of  individual  initiative: 
t'-nsion  of  it.  The  restraint  of  crooks  does  not 
necessitate  the  restraint  of  constructive  action  for  better 
business  practices. 

In   the  matter  of  business  and  labor  practices  of  the  mi- 
nority, I  need   not  recite  the  repeated  exposures  in  all   di- 
public  during  the  past  twelve 
months.      There    are   other    things    that    have    not   yet   been 
exposed.     I   have   no   taste   fur  demagogic  statements.     I   do 
in  aspiration  foi  constructive  remedies. 

Lei  u-  take  a  single  material,  lumber.  Several  leading 
manufacturers  inform  me  that  tin    time  has  come  when  we 

and  fraudu- 
.11    of    qualities.     The    product    "i    Hi.'    honest 
miller  must  reach  the  consumei  as  the  manufacturer  wishes 
his  product  tu  reach  tin-  consumer.    Also,  he  must  have  pro 
tection  from  tie-  •  I   possible  for 

the    National    Lumber    Association    '<•    take    upon    II  ell    the 
I  giving  a  brand  tn  lumber  that  will  show 

and    trraih"      .Many    commoditil 

and    c  ii    anil   rules   Ol  our   voluntary 

associations.     If  you  think  it  wiser  to  do  so,  we  could 

Food  Law"  In  all 
building   materials.     I    would    much    rather   see   the   trades 
h  their  iiv.  ii  standard  - 
\\'o  need  a  cleaning  up  in  the  statistical  wnrk  ol  tie'  trade 


associations.     Some  kinds  ol  tin-  work  stand  condemned  in, 

the  courts  as  a  restraint   ol  Hade  and  against    public   int.  test 
Other  kinds  of  statistics  an-   in  the   Interest   Ol  the   public 
11    as    in    that    of    the    tradea    tli"inscl\"s    and    have    not 
Pitied. 
We   need   in   our  organized   labor  a  removal  ol  everj    re- 
train) upon  effort.     No  thinking  man  wants  over-long  wort 
Ing   hours.     What   is   wanted   is  the   full,  complete  effort  of 

luring  his  working  day  within  the  utmosl   of  his- 

ahility.     We  need  ,-,  turthei    vision   in   the   labor  world 

the  volume  of  employment    I     nol    in,  leased   by  restriction 

upon  effort.    The  absoluti    contrarj    is  the  case     Then 

be  no  answer  to  the  fundamental   fact   that  the  Btandard  of 

living  of  all  the  people  is  the  simple  Quotient   ol  thi 

modittes  and    Brvli  produce     The  more  we  cheapen  the 

production  ol  a  commodil      the  larger  the  number  ol  people 

who   can    obtain    it.      I;,     tl   Ction    upon    effort    in    the    building 

trades    ilmplj   reBervi  better  class  of  buildings  and  of 

to  the  better-to-di>  traction  ol  our  people.     At  present 
costs,   it   is   scaro!  tor   a    worker    from    hi 

income  to  build  a  new  and  ample  home.  We  want  a  nation 
ol    home  owners,     i  more  1  ded  and   In 

position  to   Br,    act  than    there   are   skilled    wink- 

ers to  build  them  if  we  could  reduce  the  costs  nt  building. 
Any  justification  of  those  employers  opposed  to  organized 
labor  would  disappear  at  mice  if  labor  used  its  organization 
to  promote  the  best  effort  of  its  members. 

Labor  has  a  large  field  of  service  in  the  further  elimina- 
tion of  jurisdictional  disputes,  the  removal  of  all  restrictions 
on  effort,  the  elimlnati t  restrictions  on  the  use  of  ma- 
terials. This  requirement  tor  full  effort  applies  to  those 
who  work  in  hard  collars  aa  well  as  to  those  who  work  in 
soft  collars.  The  standards  ol  living  to  a  large  part  of  our 
people  are  higher  than  in  any  other  part  of  the  world  today, 
but  if  we  would  extend  these  standards  to  the  remainder  of 
our  people,  it  will  be  done  only  by  full  effort  and  the  elimi- 
nation of  every  waste  in  industry. 

This  brings  me  into  the  area  of  my  second  theme— the 
elimination  of  wast"  in  manufacture  and  distribution.  1  do 
not  intend  to  enter  Into  details,  tor  I  need  only  to  mention 
the  questions  of  simplification  and  standardization  of  dlmen 
sinus  and  ol  quality,  the  standardization  of  buying  and  selling 
specifications,  the  greater  uniformity  in  construction  con- 
tracts, the  simplification  of  building  codes,  and  the  better 
synchronizing  of  different  construction  industries  towards 
the  elimination  of  intermittent  employment. 

The  term  "simplification"  we  have  been  using  to  cover 
reduction  in  the  tremendous  wasteful  range  of  varieties  in 
nearly  all  products.  You  gentlemen  will  certainly  admit  that 
the  dimension  of  varieties  of  almost  every  component  in 
construction  industries  can  be  halved  or  quartered  to  the 
great  advantage  of  all  groups.  These  economies  in  pro- 
duction and  construction  ramify  into  everything  from  bricks, 
lime,  stone,  lumber  and  hardware,  to  paint.  These  efforts  do- 
not  need  to  trespass  the  field  of  variety  and  style  nor  to  un- 
dermine the  distinction  of  any  manufacturer.  They  can  be 
accomplished  in  no  way  except  through  the  voluntary  action 
of  trade  associations  and  thus  through  co-operative  effort  In 
the  trades. 

In  these  trades  there  are  three  groups  of  organizations: 

First:    Of   the   producers   and    distributors   of    materials. 

Second:  Of  the  representatives  of  the  consumers  through 
the  contractors,  architects  and  engineers. 

Third:     Of  labor  through  the  different  trades. 

I  have  before  me  a  proposal  of  the  consumers'  associa- 
tions to  consolidate  their  organizations  and  to  demand  certain 
standards  both  of  business  ethics  ami  products  from  the  pro- 
ducers and  distributors  ol  building  materials.  I  belie. 
operation  is  better  than  antagonism,  and  if  the  right  and 
forward  thinking  men  on  both  sides  can  get  together,  they 
can   solve  these  situations. 

I  have  in  my  miini     Hi  b  a  case  recently  where  the  paving 

brick  manufacturers  co-operated,  through  the  Department  of 

Commerce,    with   the   municipal    engineering   associations   to 

in  tie-  dimensions  of  paving  bricks  from 

Ixtj   in  number  to   seven     to  the  mutual  benefit  o 

manufacturers  and  the  p 

And  this  brings  me  again  to  trade  associations  therm 

whether   manufacturers,  distributors   or  worker        i 

in   them.     They  are   a   completi     necessit}    In 

scon Ic  life,    They  can  ami  have  been  misused  Thej  can 

make  for  -lability  ami  economj    In  industry  and  for  public 
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welfare.  Their  two  greatest  fields  c  isefulness  lie  in  the 
lifting  of  moral  standards  in  these  traii  mil  in  the  increased 
efficiency  of  our  production  and  distri 

This  question  of  reduction  of  natioi  is  one  of  our 

jirst  problems  as  a  nation.  If  we  wo  recover  the  losses 
ol    war.    if    we    would    hold    our   own    I  trade,    if   we 

would  maintain  ami  increase  our  hi^l;  standards  of  wages 
and  living  at   home,   it   can  only  be  s  ■!  by  cutting 

out  our  national  lost  motion  and  waste.  The  building  trades 
can  pioneer  a  great  trail  of  national  advance  in  this  direction. 

It  has  been  my  ambition  that  the  Department  of  Com- 
merce should  co-operate  with  every  rightful  effort  to  accom- 
plish these  purposes;  that  it  should  never  attempt  to  dic- 
to  our  business  or  commerce;  but  that  it  should  itself 
be  part  of  the  co-operative  effort  of  the  whole  community 
to  our  economic  betterment.  It  is  in  this  vision  that  we 
offer  you  our  assistance  and  help.  In  the  development  of  a 
sense  of  co-operation  in  industry,  to  these  ends  we  will  re- 
inforce the  foundation  of  our  economic  life  in  individual  ini- 
tiative— not  in  the  patent  medicines  of  government  inter- 
ference. 


Ditching  on  Rock  Island  Railroad  with 
Spreader  Ditcher 

Expenditures  for  general  ditching  over  the  Chicago,  Rock 
Island  &  Pacific  R.  R.  during  the  past  six  years  have  averaged 
$900,000  annually,  the  work  being  done  by  section  men,  extra 
gang  laborers  and  teams,  supplemented  by  steam  ditchers,  of 
which  this  company  has  12.  the  use  of  the  latter  being  con- 


mi  \aiious  divisions  by  hand  during  this  period,  where  me- 
chanical ditching  was  not  available,  the  costs  running  vari- 
ously from  60  ct.  to  90  ct.  per  yard,  although  special  cases  are 
reported  of  from  $1  to  $1.00  per  yard,  where  the  material 
was  nf  a  heavy  character.  A  similar  cheek  has  been  made 
for  the  contract  team  work  during  1920,  with  the  rates  equal- 
ized so  as  to  afford  direct  comparisons.  These  costs  vary 
from  25  ct.  to  60  ct.  per  yard. 

The  above  costs  are  for  labor  only.  The  costs  for  opera- 
tion of  the  spreader-ditcher  on  two  1921  jobs,  including 
interest  on  the  investment,  depreciation,  engine  rental,  etc., 
are  given  as  follows  in  the  Rock  Island  Magazine: 

On  El  Paso  Division  from  May  16  to  May  21,  1921,  between 
Amarillo,  Tex.,  and  Tucumcari.  X.  M.: 

Miles. 

miles    ditching   done 

Total   miles   spreading   .lone 

Total    miles   roadway    completed GS.00 

Six  days  at  ?77.94   (which  Included  cosl   of  Bpn 

ator,  tram  crew,  fuel,  section  laborer  and   watchman) .  ..$467.64 

Engine   rental,   G  days  at   $25 i 

Interest,    depreciation    and    repairs 

Total    cost    $635. f,4 

Cost  per  mile  of  roadway  completed 

per  lineal  foot  of  roadway  completed hit 

In  August,  ditcher-spreader  No.  95,303,  operating  on  the  St. 
Louis  Division,  leveled  an  embankment  4,000  ft.  long,  mate- 
rial having  been  placed  there  by  steam  ditcher.  This  con- 
sisted in  the  leveling  of  about  11,000  cu.  yd. 

The  material  was  leveled  back  in  short  order  at  a  cost  of 
$.013  per  yard.     Comparison  on  the  basis  of  similar  perform- 


Ditching    with    Spreader-Ditcher. 

fined  principally  to  cleaning  out  heavy  cuts,  by  loading  mate-  ances  done  by  teams,  this  job  would  have  cost  38  ct.  per  yard, 
rial  into  cars  and  dumping  same  on  embankment  The  following  is  detail: 

A  Jordan  spreader  ditcher  operated  by  locomotive  was  put  cost  of  operation,   including  operator,   helper,   train   crew. 

into  experimental  use  on  the  Rock  Island  in  the  early  part  „coal-  oil  and  supplies   (11,260  yd.) $1??S2 

.  "  _.  "     ,  .,  ,  ,   .      .  ..     .  ,.  Engine    rental     . .    2o.00 

of  1920  and  the  results  were  so  satisfactory  that  one  complete  interest  on   investment,   depreciation   and   repairs 3.00 

machine  was  purchased  in  1921,  also  a  ditching  attachment. 

The   company    now    possesses    three    complete    ditching    ma-  Cost  per  yard  by  spreader. .............................. ...        .013 

chines,  added  to  the  leveling  machine   previously  owned  by  

the  railway.  Weather   Charts   Save    Railroad    Money    in    Placing   Ties.— 

The  total  figures  of  the  comparative  amounts  expended  for  Tne  reIationsbip  between  railroad  ties  and  weather  reports 
hand,  team  and  mechanical  ditching  are  not  available  for  past  woul(J  geem  tQ  be  rather  distant>  but  a  report  reCeived  by 
years,  but  in  1920  alone  over  $300,000  was  expended  for  team  tne  Weather  Bureau  of  tne  United  States  Department  of  Agri- 
ditching.  With  the  advent  of  the  three  mechanical  ditchers,  culture  from  one  of  the  ,arge  railroad  svstems  of  the  west 
supplemented  by  the  twelve  steam  ditchers  now  owned  by  ghowg  tha{  the  rainfal,  charts  prepared  by  the  bureau  saved 
this  company,  it  has  been  possible  to  eliminate  entirely  all  thig  raiIroad  a  ,arge  amount  of  money.  During  the  war  this 
team  work  for  ditching,  except  for  some  minor  work  at  the  rQad  wag  unab]e  tQ  ge(.  creosote  and  nad  t0  subsUtute  zinc 
foot  of  slopes,  or  at  points  where  it  was  impossible  to  operate  chlorid  ag  a  preservative  for  ties.  The  zinc  salt  is  a  satis- 
mechanically.  factory  preservative  in  dry  climates,  but  where  the  rainfall 

The  following  figures  on  the  operation  of  these  spreader  .g  heayy  |t  leacneg  out     when  the  war  ended  this  company 

ditchers   are   taken   from   the   January,   1922,   issue   of  Rock  ha(J   on    han(J    2500000   Ueg    that   had    been   given   the   zinc 

Island  Magazine:  treatment.     Instead   of  re-treating   them   with   creosote,   the 

In  August  and  September,  during  the  period  of  observation  engineers  secured  a  Weather  Bureau  chart  and  transferred 

taken  for  cost,  spreader-ditcher  No.  95303,  operating  on  the  the  Hneg  Qf  average  precipitation  to  a  map  0f  the  system. 

El  Paso-Amarillo  Division,  moved  29,000  cu.  yd.  of  material  Then  they  distributed  tne  zinc.treated  ties  for  use  on  those 

$0  0133ab°r   °0St   °f  ?386'   eQUiValent   t0   a   °0St   Per  Parts  of  the  road  in  relatively  dry  regions. 

During  the  same  period  machine  No.  95,302,  operating  on 
the  St.  Louis-Kansas  City  Division,  moved  28,000  cu.  yd.,  at  Janesville,    Wis.,   to    Have    City    Manager.— By  a   majority 

a  labor  cost  of  $507.  equivalent  to  a  unit  cost  per  yard  of       of  711  the  city  manager  plan  of  government  was  adopted  by 

$.018.  Janesville,  Wis.,  at  an  election  April  11.   The  plan  will  go  into 

A  careful  check  has   been  made   of   the   work  being  done  effect  April  1,  1923. 

(S3) 
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Valuation  of  New  York  City  Traction 

and  Rapid  Transit  Properties — 

Tentative  Details* 

The  main  details  ol   the   preliminary  valuation  repoi 
pared   by  the   New    York   Transit   Commission   toi    the   rapid 
transit  ami  surface  passenger  railwaj   systems  In  the  i 
Greater  New    York  ;is  a  basis  tor  the  proposed  merger  plan 
were  outlined   In   connection   with  the  ca]  on  ol   each 

Feb  25,  p  803  to  80S  n  Bhould 
be  remembered,  however,  that  while  the  valuation  covers  all 
lines  operating  or  In  condition  to  operate,  the  Commission 
favors  the  retention  onlj   ol  the  reall  lines 

a  much  condensed  digest  ol  the  text  of  the  report  and  the 
valuation  table  in  some  detail  follow 

Voiuatlon    Required    by    L?w — Omits    Franchises    and    Going    Value. 

I'1"  ■      ■       ,   laturc    creating  C - 

Ired  that  the  Comml  a  plan  of  readjust- 

ment   •  enl    ol    transit    In    Greater    New     > 

combination,  rehabilitate 

in    thi!  I     ■    will,    siuh    plan    "thi 

shall   'aus.    a   valuation   to   be  made   of   the   properl 
franc*  in  publl      ervlce  of  I  he 

rallroai  n<  lude  therein   '  such  valuation  to  t><    made 

"with  due  regard   to  the   estimated    prospect  capacity 

of  the  property"  under  existing  rates  ol    fare,  and  as  Bnallj    de- 
termined  to  bl  to   the   railway   ruui- 

.  .  turns  "ii  in' 
property  s"  \ . 

The    Reoort      According!}    there     ha' >en     prepared     as     of 

June  each  railway  eompan;  ed   to  be 

Included    in   the   plan   ol    readjustment,    the    following: 

1 1  i    Valuation    of  used    In    operation, 

estimated   original   cost;    (b)   Cosl 
produce  new    In  pit-war  period   (1910  to   1914)     I    i  Cost  to   repro- 
duce new    January   to  July,   1921. 

(2)    Valuation  of  property  less  accrued  depreciation  on  straight 
line   basis,    for   all   three   periods. 

i-    i  lei  to  pin-,    each  pi  operty  In 

first-class  operating  condition. 

t-D    ■  a,  book  value  and  i.  u  oi   each  com- 

pany. 

'  'peratine  statistics  for  each    over  a   period  ol   the   past  ten 
years. 

(6)    0  acting    valuations,    operating   con- 

ditions,  etc. 

Scope  of   Report.     This   report    embraci      sill    transil    c pan  let 

operating  within  the  limits  of  Gn  ork,  except   the  Hud- 

son &  Manhattan  Railwaj  Co.  and  the  Staten   Island  Rapid  Transit 
Co.  which  are  not   Included   in   th..   present   plan. 

The  summaries   Include  all   companies   In    the   railway   systems 
uted  In  1919  before  the  disintegration  began;  but  those  por- 
tions now  operated   Independent^   are  also  shown  separately. 

Valuations. — At   the  outset   it   will   be  realized   that  a  valuation 

•  ii  lea  is  not  identical 

with  a  not  as  restricted  by  tech- 

II    Involve   a    consideration    of    In- 

■    values,    which  do  not    ni  Mime   Importance   In 

property  to  be  acquired   as 

ii  u>n   of  a   raili 

nventory  was 
1921, 
Th.  i  alual  Ion    compi  Ii  i 

and   rapid    transit    I  nes.     The    latter   are    thi 
subwa;  ed  railways  In  all  boroughs   which  are  opi 

under  the  so-called    "Dual  ates   of 

March  Contracts  Nos.    i    to    i      In    the  case   of   the 

orough  and  Mi  construction   under 

city  contract  was  based   upon  thi  determined  cost 

of  the  Commission,  ami  no  other  estl- 
to  reproduction  costs  or  otherwise. 

perty  ol    the   original 
elevated  rail* 

the   va!  The    original 

cost  or  an  approximation   thereof;    (b)    the  cost   to  reproduce  new 
at  prices  and  1914;    (c)    the   cost 

and  conditions  existing  In  the  first  six 
months  of    1 
The    term 
synonymous    with    "  iluatlon 

work. 

■  ir.-  to  produce  the  prop- 

,n  as  of  thi  ntory.     "Coats 

hl<  h     would     have     been 

two  pi  rii.dH  s<  lected;  th.- 

which   was   Im- 


■ 


the  completion  ..t  the  Inventory,  and  intended 
to  reflect  the  then  "present  da:  prices  and  conditions  In  the 
half  year  which  hai  tins  latt.-r  period  the  price  level 

has  materially  receded  ami   the   "Cosl   to  reproduci      as  ol   Jan.   I, 
1912,  would  reflect  a  marked  reduction  In  the  estimate  as  pn 
for  the  first  six  months  In   1921, 

In  the  two  estimates  to  new  '   it   was-  assumed  thai 

the  property  would  be  reproduced  In  ■■like"  and  not  In  "kind"' 
which  would  apply  for  ezampli  In  the  substitution  of  steel  for  the 
wrought    Iron    of   the  orlmt  railway   structures   and    the 

substitution   of  modern   type   ot  equipment    wh 

manufacturer   had  discont  I  Inal   design    In    favoi    ol    Bl 

improved   type. 

In   addition,   a  statement  piled    of   the    estli 

prospective   es  iclty   of    the    transit    propert}    necessarll) 

,n    i  ffei       i r   P.   Hi. 

enactment  of  the  legislation.     Tins  vvll 
sequent   report. 

Estimati     were  pre]  claims  presented  b>   anj   com- 
pany   for    c leratlon    In    the    valuation    of    propert]     not    now 

existent,  but  such  estimates  were  Intended  to  make  all  fans  avail- 
able to  thi   Commission  and  In  no  way  Involved  an) 

It    validity  or  to  con  mmlssion    to  anj    allowance 

therefor. 

Companies'    Appraisals    and    Inventories. 

'I'h,    appraisals  applying  to  New    v..rk  Railways  System  and  the 
Brooklyn    Rapid   Transit   Ci  Ines,    which    wen 

for  the  companies  by  enginei  ting  firms  of  Btandlng  ar..  pre- 
sented as  contemporaneous  exl  Inl nil.  ant 

factors  of  thi    ■  u  ...  results  have 

been  brought  down  to  June  .in.  1P21 .  by  thi    Bun   I   Value 

applying  the  adjustmi  tal  accounts 

company. 

For  the   Manhattan   Railw        i  o    an  exhibit   is  presented  show- 
ing appraisals   made    In   connection    with    the   proceedings    b>    the 
fompanv  against  the  Stat.    Tax  Comn  ission  contesting  thi 
,.n   thi    valui 

and    1909 

The   property   Included    Ii  i I 

identical   with   that   appraised    by   thi    Commission   through   a    dlf- 
■    in  the  allocation  of  ownership  within  a   system  as  well  a: 

in    tin    distribution    as   to  operai  tlve    property, 

particularly  as  respect     lani         d  buildings.     Furthermore,  the  ap- 
praisal  for   the   Brooklyn    Rapid    Transit    Co     was    prep 
rate   case  and    included   only   such   of   the   property   as   was    to   be 
presented  for  consideration  in  that   proceeding;   this  appraii 
recently  been   brought  to  M  ompan) 

Tin    Inventory  includes  all  property  In  existence  as  of  June  3n. 
Keep!    such    items    as    track,    which      was      abandoned      and 
allowed   to  disintegrate  so  as  not    t.,   be   useful   for  operation 
Inventories,    Etc.,  As   Valued   by  the   Commission. 
The    inventory    for   the  fever,    was    sel    up 

segregating    the    property    Into    opet  itlvi     and 
latter   including   principally    buildings   and    power    planl    and 
station   equipment  retained  ompanles    bul    nol     ailized    in 

the  operation   of  the  railroad 

The  inventory  includes 
be  essential  for  the  operation  of  the  railroad  even  though  as  in 
one  Instance  a  parent  company  claims  ownership  of  a  main  power 
plant  and  alleges  It  furnishes  current  for  operation  as  a  commer- 
cial enterprise  and  that  its  property  should  nol  P.-  included  with 
that  of  the  operating  companies  In  arrivini  al  a  total  valuation 
roi    the   system.      [This,   no  rs  to   the    powerhouse,   the 

ned   both   bj    thi    1 1]  ookl)  n   Rapid  Transit 
Co.  and  Brooklyn  City  R.   R.l     It  was  considered  that   if  thi 

erty  was  to  be  acquired  the  power  plant  essential  t 

solely   for   the   purpose   of   I  road    musl    be    Included    in    the 

transaction. 

\\  in  ii    the   ownership  ol    an;     property   was   In   dispute   between 
the  companies  Included  in  a   system  it  was  allocated  to  thai 
|ian\    holding  such  property  in   Its  possession 

Pricing    of    Inventories.  an    endeavor    was 

in  establish  the  original  cost   tor  each   Item   ol    property   with 

i    ii  ■  ii  qutsltlon       \n    exhaustive   stud; 

nd  the  rates  for  wages  by 

'in  to  1921   •*■  termlne  the  factor  to  apply  to 

i        not     avail:. lilo 

or  could  not  be  secured. 

.mil  from  prevl 

ring   Into 

the  construction   of   th.    rail  confined    to   the   actual   net 

.  ted    strut  tui  •■  d    or 

equent   to   1914   thi    actual  cost    thereol    was  adopted 

foi  well  as 

for  the  estimate  of  original 

Basis  Assumptions — Overhead   Charges,   Lands,   Etc. 

Unit   Costs.      i  ai lltable    valuation    of    the   street 

■  -t    P.    made,  since 
are    Pelng    valued    as    the    existing    typi 
■ 
originally  bull!  and  operated  as  hoi 
i   a  period  ol 
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i  producing  or  ri 
■   today,  it  w.is  assumed  that  thi 
for   th-  i     on    a 

■    gram  retaining  the  l  ■  "  those  lines 

In  establishing  the  unit  costs,  due  ■ 

of  railr 

d  with  the  comple- 
■ 
various   II 

Overhead    Charges. — During   thi  Miction 

of  the 

nlstrative   and   office 
■  ring,  design  and  Ini 
brokerage  fees  in  securing  funds,  and  taxes  on  property  if  levied  by 

luring  Development"  :m.i  "Expenses  during  i 

■  inures  during  construction  was  allowed 

for  reproduction   cost   fur 

i  i'  as  to 

conform  with  notes  obtaining  ..ds  specified. 

ng   of   the   expense   for    marketing   se- 

:'-..%    In   the   estimate   for   original   cost 

which   rate   was  derived   from   an    Instance   of    the   actual   expense 

I   rati  the  two 

cost    to   repro  .nslderation    was   given    to 

bond  discount  or  premium  which  it  was  held  should  not  be  treated 

as  capital  it. 

Track   and  Structures. — The  appraisal  Is  based  on  measured  or 
computed   Quantities    entering   into   each   item   of   this   group   with 
lied  thereto. 
Rolling   Stock. — The  valuation   is  based  on   the  result  of  a  field 
determine   the  actual  number  of  cars  and   th. 
and   thi  based  on  the  actual  or  estimated  cost 

any  ready  for  operation. 
Land.— The   land   owned    in    tec    by   each   company    ha      b 

>  market  value  as  of  June  30,   I  expert 

era     This   market   value  was  held   to   ap] 
both   the   original   cost  and   the  Costs   to   Reproduce.     It   was   felt 
that  the  companies  were  entitled  to  credit  for  land  at    lis   market 
value  because  of  its  availability  for  sale  for  other  than  railroad 
purposi 

Easements,  Private  Rignt  of  Way.  Consents  and  Damages. — 
For  each  of  these  items,  it  was  held  that  allowances  should  be 
limited  oendltures   )>\    the   company  and   the  same 

amount   is   included   for  the  costs   to  reproduce  as  In   the   original 
cost  esi: 

Depreciation     on     "Straight     Line"     Method.— Where    it     Is    held 

i  ghtfully    apply    in    the    appraisal    of    a 

public  utility  company,   the  straight    line   liasis  has  been   employed 

in    this  ..cans    of    determining    the 

amount  which  should  be  deducted  from  the  value  of  the  property 

'•ii   applies.     This   method   consists    in   ascribing 

an    estimated    life    to   each   class   of   propel  computing   de- 

■  n  on   its  cost  or  valuation  on  the  basis  of  Its  at.re  on   the 

date  of  the  appraisal  for  each  of  thfe  transit  companies  or  system. 

For  the  property   included  under  the  Dual   Contracts   and   their 
Related   Certificates,   the   depreciation   has   been    computed    on    the 
basis  of   th,    report   of   the   former   Transit   Construction   Commis- 
sioner, addressed   to  the  interested  companies,  in   which  rates  of 
iatlon  have  been  specified  for  each  clas;  These 

raUs  1  thi    cost  of  the  property  from  the  date 

it  was  placed  In  operation.     These  rates,  however,  have  not  as  yet 

Ited   by  the   companies. 
Expenditures  Necessary  to  Place  Property  in  First-Class  Operating 
Condition, 
'he   purpose   of  del-  I  actual   conditions,   a   field 

en  was  made  of  each  class  of  property  to  provide  data  for 
an  estimate  of  the  expenditures  necessary  to  place  the  property  in 
first-cla  Dg    condition.      This    estimate    was    made    as    of 

not  necessarily  the  present  day  condition,  par- 
ticularly  in  respect  to  rolling  stock 

orrect  deficiencies,  there  has  been  included  In  the  estimates 
of  th>    •  cpenditurea  not  only  an  amount  to  correct  de- 

l  ance  and  repair,  but  also  an  allowance  for  r, 
and  replacement!  of  equipment  which,  because  of  age  and  :■■ 
inutility,  shoui  from   service. 

It  is  believed  that  due  consideration  should  be  given  to  an 
estlm;.  iltun    of  this  character  as  B 

tical   mi  '■    actual   rather  than   the  theoretical 

depreciation      Renovation  and  rehabilitation  from  time  to  time  will 
■  nil  if  successively  continued  may 
prolong  "■    .  '  tlmati 

• 
i   classes  of  railroad   property. 
Conclusions   and    Recommendations. 

Ill  lusion 
that  a  fair  valuation   for  the  existing  property  of  companl. 
than  tl  :    '  -''t"'  their   I 

would   consist    In    allowing   the   original   cost   Ii 


expenditures  necessary  to  pul   thi    property    'i.  eratlng 

Valuation  ol  paid   for  by   the   Interborough   Rapid 

ded  it  paid 

for   bj  Municipal   Rallwaj    Corporation   undei 

and  also  the  property  ii 

third -tracking    and    reconstruction    of    the 
whl  hould 

Seti  rmlnal  Ion  of  cost   by   the  i 
the  Commission  d    In   such   contracts,   with   thi    dedui 

tion   therefrom   of   the  accn  tion   also   therein    pn 

i   and   -'  bj    the   Inter-    . 
Transit  Co  same 

basis. 

It  Is  our  opinion  thai  t  he  cost  6  iccurate 

cost  data,  represents  the  fair  reproduction  cosl 
Transit  Act. 

It  is  our  opinion  that  there  should   be  Included   In  such  valua- 
tion only  the  property  now   existent   and 

Land,  buildln  |    .ms,  or  other  equipment  nol   used  or 

cludi  .I    n  on    i  hi 
deemed  to  be  assets  of  t  he  o 

No  track  or  roadway  which  l.:.s  been  abandoi 

o  as  not  to  be  suitable  for  operation   Bhould   be   in- 
cluded  in   the   valuation. 

It  must  be  realized  thai  roperty  as 

of  June  SO,  1921,  and  that  the  results  Bhould  ultimately  !"■  bi 
to  the   date  of  any  to   adjust    for 

retirements,   additions,   Bucturatlons    in    value,    etc. 
While  all   valuations   as   herewith    presented   are    . 

ry  of  property  as  of  June  30,  1921.  which  was  deemed   to  be 
used  or  useful  for  the  operation  of  the  railroads  or  sys 
constituted    or  as    then   capable    of    being   operated. 

It  is  not  within  the  purview  of  this  report  to  segregate  or  dis- 
card   in    whole    or   in   part    any    property   of   any    company    whl(  h 

be  designated  as  nol  needful  In  any  plan 

oped  for  the  revamplni  facilities  so  as 

economic   unification   of   the   present    systems, 

The  final  statutory  plan  of  the  C mission   is  expected   t - 

brace  only  such  property  as  Is  to  be  acquired  for  such  a  unified 
a  ol  transit  and  the  valuations-  herewith  will  permll  ol  the 
lie    to   be   prepared    of   thi  n    any    preml 

thi  rein   adopted. 


Track  and  Platform  Features  for  the 
New  Chicago  Union  Station 

Space  limitations  and  the  requirements  of  the  various 
roads  using  the  properly  load  to  the  adoption  of  a  double 
stub  end  track  arrangi  for  the  union   passenger  termi- 

nal now  under  construction  al  Chicago.  The  arrangi 
is  shown  in  the  accompanying  illustration,  the  scale 
of  which  may  be  judged  approximately  from  the  lad 
that  the  block  between  \ dams  and  .Monroe  streets  is  about 
400  ft.  long  between  property  linos.  The  property  is  owned 
and  used  by  the  Pennsylvania;  Chicago.  Burlington  and 
Quincy;  and  Chicago,  Milwaukee  and  St.  Paul  roads  and 
some  of  their  subsidiaries;  and  is  used  by  the  Chicago  and 
Alton  under  a  lease. 

The  station  handles  a  mixture  of  suburban  and  main  line 
traffic,  and  the  capacity  of  tin-  new  tracks  will  be  about  50 
per  cent  in  excess  of  total  present  requirements.  The  shorter 
tracks  will  be  used  by  the  suburban  trains.  Two  through 
freight  tracks  and  one  through  passenger  track  are  provided 
al  I  ho  east  side  of  the  station  near  the  river  as  shown,  and 
at  a  different  elevation  from  the  stub  end  passenger 
tracks.  Electrification  is  provided  for  by  maintaining  a 
17  ft.  minimum  clearance  throughout  the  station;  but  the 
plans  call  for  its  opening  under  steam  traction,  with  no 
definite  time  set  for  the  change  to  electricity. 

Station  track  rails  are  of  100  He  and  approach  rails  ol 
130  lb.  Pennsylvania  section!  No,  9  turnouts  are  used  at  the 
south   approach.     Elsewhere    throughout   the   station,   No.   8 

turnout!  and  UPS  are  Used.  All  tracks  anil  special  work  ill 
the  station  are  laid  on  a  1"  in.  slab  of  1:2:4  reinforced  con- 
crete. The  rails  arc  carrii  d  op  i;  in  x  s  in.  x  2  ft.  6  in  cre> 
o  oteil  pine  blocks.  L'u  to  a  :;:;  11.  rail.  At  rail  Joints  the 
blocks  are  spaced  17  in.  on  centers.  They  are  partially  em- 
bedded in  concrete  as  shown.  Drainage  between  the  rails 
is  on  grades  of  about  0  i  per  cenl  corresponding  with  the 
track  grades,  which  are  nowhere  perfectly  level.  Inlets  are 
spaced  about  85  ft.  apart  on  laterals  of  8  in.  cast  iron  pipe 
which  lead  to  12  in  Cast  Iron  mains  on  either  side.  The 
mains  lead  to  a  sump,  from  which  the  water  is  pumped  t" 
the  rlw-r 
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Detail    of    Track    Secti 


The  platform  arrangement  is  most  interesting,  and  in- 
volves several  important  changes  from  the  plans  as  orig- 
inally made  several  years  ago.  As  now  planned  the  plat- 
forms will  alternate  between  exclusive  baggage  and  exclu- 
sive passenger  use.  each  track  lying  between  platforms  of 
the  two  different  kinds.  The  arrangement  and  dimensions 
appear  in  the  accompanying  section. 

Low  platforms  were  decided  upon  because  of  the  variety 
of  cars — many  of  them  from  connecting  lines  which  normally 
enter  the  station.  Fassenger  platforms  are  to  be  7%  in.  and 
baggage  platforms  1  ft.  8  in.  above  top  of  rail.  They  are  de- 
signed for  conversion  to  the  high  type  whenever  car  equip- 
ment shall  be  sufficiently  standardized  to  warrant  the  change. 
For  this  reason  the  original  construction  will  place  them 
slightly  below  the  level  of  the  concourse  floor.  Inclines  from 
the  passenger  platforms  will  lead  up  directly  to  the  con- 
course, while  the  baggage  platforms  will  terminate  in  ramps 
leading  to  the  baggage  room  below.  This  arrangement  is 
considered  as  saving  trucking,  as  well  as  much  tunnel  and 
elevator  construction  which  otherwise  would  be  necessary 
and  .very   expensive   because   largely   below   the   river  level. 

(S7 


The  ramps  will  be  10-  ft.  4  in.  wide  to  provide  for  2  (rucks 
abreast. 

Xot  only  are  the  main  station  features  below  street  levels, 
but  some  of  the  tracks  are  as  much  as  3  ft.  below. 

The  waiting  room  floor  will  be  16%  ft.  below  Canal  St.  river 
level.  Persons  familiar  with  the  present  union  station  and 
the  very  awkward  grades  along  its  Canal  St.  side  will  be 
pleased  to  know  that  the  new  plans  provide  for  the  complete 
rectification  of  these  defects. 

The  concourse  extends  under  Canal  St.  to  its  connection 
with  the  main  waiting  room,  which  occupies  a  space  of  100  ft. 
by  250  ft.  in  the  center  of  the  head  house.  The  head  house 
will  occupy  the  entire  block  bounded  by  Canal,  Madison  and 
Clinton  streets  and  Jackson  Boulevard.  It  will  be  an  office 
type  of  structure,  only  the  lower  portion  being  used  for 
railway  purposes.  The  very  important  mail  terminal  building, 
now  nearing  completion,  occupies  a  strip  75  ft.  6  in.  wide 
between  Harrison  and  Van  Buren  streets,  and  adjoining  the 
through  tracks  already  mentioned.  Its  length  is  796  ft.  This 
building  is  connected   with   the  baggage  room  by  a  tunnel, 

) 


- 


I  nd  t  '■•ill nil  ting    '••/    .1/'/ 17    19, 


v  tunnel  ai 

the  rapport- 
lumn8   all   i  •  -  •  ■    platforms, 

thus   ■ 

and  lati  Ions  brought 

out  during  the  period  ol  ral  Important 

oflU  e  sli  ui  - 
ture   (or   a   purely  lusion   of   the 

.  mail  terminal  and  the  establishtni  i 

-•   platform  of  low  instead  of  high  level  de 
Ived  was  th< 
riding  rhich  to   remove  certain 

- 
Contracting  ove  in 

•  d    illustrations    to    Mr     .1      I'Ksposito.    Chief    Kn 

stant   Bngim 


Compressed  Air  Spader  for  Clay   Digging. 

ilarly  for 
-  clay  in  trenches  -   In  which  the 

-hot.  and  yet 

!'!>•   by   the   ordinar;    pick    and 

method,  has   been   placed   on   the  market   by   Sullivan 

This  tool  consists  of  a  light  Sullivan 

air  hammer,  weighing  only  It;  lb    with  a  length  of  IT  in    and 

requiring    4   in.   air  hose,    equipped    with   a   steel   spade   and 

•ling   ring   or  bushing.     The  bushing   and 

•he  Bronson  pattern.     In  tunneling  in  blue  glacial  clay. 

iard   and   dry.   in   the   Chicago   district,   compressed   air 

to    have    increased    the    output    per   miner 

from   t   to  4   CO.  yd.  per  S-hour  shift,  to  from   S  to  1"  cu.  yd. 

and   the    limit    of    work   accomplished    was    governed    by    the 

ability  to  get  rid  of  the  muck  instead  of  by  the  rati 

lertj  As  will  be  uoted  from  the  illustration,  the  Sul- 
livan spader  consists  of  a  cylinder  provided  at  the  rear  end 
With  a  handle  secured  to  it  by  side  rods,  and  at  the  othet 
with  a  special  retainer  for  holding  the  steel  spade  in  ti. 
or  chuck  of  the  hammer.  A  hollow,  cylindrical  or  shell  valve 
is  employed,  operated  by  differential  pressure.     The  hammer 


o 


■de    and    Retainer    of    Sullivan    Spader. 

or   piston   runs  up   tasMl  ding  a 

;.  or  undue  waste. 
tea  or  th  imb  throt- 
tle plain!  at  the  top  of  the  handle  grip  where  its  action  will 
not   be   hindered   by  an   accumulation   of  mud  or   grit      The 
spad>"  ard.  snappy  blow,  giving  abundant   power 

tor  th-  ••  done,  and  satisfactory   work  can   be  ac- 

complished  at   any   air  pressure   from    45   lh    to    100    lb.,   al- 


though the  bighei  rang-  -      nth  recommended. 

partn  ularh    lor  stift   ground 

Self  Cleaning  Shovel  Dipper. 
a  dipper  having  Beveral  new    features  has  been  placed  on 

tin-   market    by   the    Hay    CttJ     Dredge    Works.    Baj    City.    Mich. 
In  dumping  this  dipper  tips  foi  ward  thus  assuring,  it  is 

1   dump      This  dipper    .-  bj    Michael   .1.  Za 

bawa,  and   has  been   in   service,   since   the  Bpring   .'t    1918,   en 
his  dredge  and  others  in  Minnesota  and  Wisconsin.     It  will  be 


Bay    City    Type   Z    Shovel    Dipper. 

known    as    the    Bay    Citj    Typ<     /.    shovel    dippei        It     rl 
manufactured  for  capacities  ranging  from  ^  to  2  cu.  yd.     Al- 
though it  will  be  used  as  standard  equipment  on  Bay  City  land 

dredges,  it  is  also  designed  for  floating  dredges  and  for  steam 
shovels. 


A  New  Gasoline  Powered  Lift  Truck 
\    sasoline   powered    elevating    platform   truck   embodying 
many  new  construction   features   has  been   put  in   production 
by    the    Clark    Tructractor    Co.,    Buchanan.    Mich.,    manufac 
turers  of  gasoline  driven  industrial  trucks  and  tractors.     This 
machine,  which  will  be  known  as  the  Clark  Truklift.  conforms 
in   appearance   and    uses   to   th.    electric  elevating  lift   trucks 
which   have    been  used   in   industrial   plants  for  many   years 
Low    initial    cost,   ease   of   maintenance,    flexibility   and    con- 
tinuous   24-hour    service    are    distinguishing    characteristics 
claimed  for  it  by  the  builders      The  loading  platform  is  26  in 
wide  x  54  in.  long  and  will  elevate  its  load  of  4.i>oo  lb.  from 
a   minimum  of  11   in.  to  a   maximum  of  16  in.  from  the  floor 
.1    seconds:    automatic    stops    provide   for   both   up  and 
down  limits:   elevation  can  he  stopped  by  hand  control  lever 
at  any  point.     The  lifting  mechanism  is  operated  by  hydraulic 
ire.      Power   for   locomotion    and    elevating   tl\,e   load    is 
':    from    a   15    H.P.   (-cylinder   tractor  entitle   wit): 
in.   bore  and   41;   in.  stroke.     The   engine   is  mounted  at   the 
rear  in   a   closed  compartment   containing  transmission,   gov 
ernor.  vacuum  tank,  radiator,  etc.     A   three-point  suspension 
is  used:   the  steering  wheel  forks  being  supported  in  a  steel 
.  asting   which    is   pivoted   at    the   center   of   the   frame   on   a 
chrome    nickel    steel    pin    2    in     in    diameter.      The    dr 
through    a    Clark    bevel    gear    axle    equipped    with     ball    and 
roller  bearings  located  under  the   loading  platform.     Driving 
wheels  are  cast  steed  with  pressed  on  rubber  tires  10'. 
5   in.:    steering   wheels   are  cast   steel  disc   type  with   • 
on  rubber  tires  16  In.  \  SMi    in     Standard  automotive  construc- 
tion has  been  adhered  to  wherever  possible  so  that  the  truk- 
lift   can    be   serviced   by  any    good    automobile   or   truck   me- 
chanic     A  hinged  hood  renders   the   engine  available  for   in- 
spection    Instantly    and.    if    necessary,    the    machine    can    be- 
stripped   dow  11    to   the   chassis   in    less   than   twenty    m 
The  driving  and  elevating  controls  are  mounted   on   ii 
of   the   engine    compartment    and    are   operated    by    the   dri%er 
who    drives    standing       The    brake    level     pedal    is    under    tin- 
drivers  foot  and  so  arranged  that  the  truklift  stops  automat- 
ically  if  for  any   reason   the  operator   steps  off  while  the  ma- 
•  bine   is   running. 

Th.-  truklift  is  the  outgrowth  of  two  years  ot  development 
and   testing   work   and   is  Intern  the   in-. lis  o( 
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who  require  a  full  powered  machine  i  Tk  night  ho 

more  a   ilay  continuously  in   the  transi  ting  ol   materials  in 

departmental  or  inter -plant  haulage.     1  [1]   climb  a  10  per 

grade  with  a  4.noo  lb.  load  and  ha  two  speeds  in  each 
direction      The   total   weight   of  the   tl 


New    Clark    Gasoline    Powered    Lift    Truck. 

work  is  2,500  lb.;  over  all  length  of  machine  is  l"7  in.;  width. 
In.,  and  height.  51   In 


New  Hoist  Is  Wholly  Enclosed 
\  sell  ontained,  small  portable  hoist  having  several  novel 
features  has  been  developed  by  the  Treadwell  Engineering 
Co.  at  Easton.  Pa.  It  is  designed  with  the  idea  of  providing 
a  machine  for  ligh.  hoisting  and  hauling,  which  should  be 
mechanically  dependable  and  both  safe  from  injury  to  its 
mechanism  and  safe  against  injuring  a  heedless  workman. 
This  hoist  is  wholly  enclosed  in  a  heavy  sheet  steel  plate 
casing,  mounted  on  a  !j-in.  steed  sole  plate.  The  unn 
ing  forms  the  support  for  the  drum  and  gear  shaft  be:, 
which  latter  are  electric  steel  castings,  fitted  with  renew- 
able bronze  bushings  and  lubricated  from  a  waste  packed 
oil  reservoir.  The  controller  box  and  resistance  panel  are 
of  necessity  mounted  on  the  exterior  of  the  casing.  All 
other  mechanism  and  the  motor  are  entirely  enclosed.  The 
hoist  is  provided  with  a  clutch  manipulated  by  a  lever  at  the 
operator's  end  of  the  hoist,  which  lever  is  automatically 
locked  either  "in"  or  "out."  Control  of  the  loatl  is  effected 
by  a  powerful  band  brake  whose  controlling  hand-lever  is 
very  conveniently  placed.  This  brake  lever  is  normally 
latched  in  an  "off"  position,  allowing  the  hoist  drum  to  run 
free.  A  removable  door  or  cover  is  provided  on  the  top  of 
the  casing  to  give  easy  access  to  the  mechanism  within.  All 
except  the  barrel  of  the  rope  drum,  are  made  ol 


New  Treadwell  Hoist. 

The  8x12  in.  drum  has  a  capacity  of  1.5"  '  lb.  of  %  in.  wire 
rope  and  the  rated  hoisting  capacity  of  1,500  lb.  at  a  speed 
of  100  ft.  per  minute.  The  standard  motor  employed  is  of 
5  H.P..  operating  at  1.200  r.p.m.  The  entire  hoist  measures 
2  ft  x  2  ft.  x  4  ft.  5  in.  over  all. 


News  Letter 

ST.    LOUIS    ITEMS. 
By   A.    B.    Koenig. 

l:    G.  Hill  ft  Co  .  KnoxvlUe,  T< 
i. ported    in    Is 
cimatel)   170 
at   Memphis.    Tain. 

>i  &  Co.  have  their 
ii  full  blast  ai 
work   way  ahead  of  < 

i:    EL   in    Soutben 
...  624  Walnwi  . 
work  near  St.  Mar) 

Al  Gilliand   has  moved    i 

-  tnta  Fe  R,  R 
Scptt    ft    White. 
r  Job  that  he  has  in  Sou  it 
Will  Galeeor  has  just  finished     • 

■   suitable  for  a  Z5-t<  an    out 
Kansas,    will    catch   him. 
Frank    Gorman,    the    Ka  - 

intending   to   bid    on    new  work 

S  up   will   find  list  of  work    I 

■ 
Whitlow    Coi  ■•    started    work    on 

:    the  city.     F.   Cline  is  superint.  i 

new  Fi 

was  awarded   to  the   William    m 
■  St.  l>ouls  on  a  bid  of  appi 
is  putting  in  a  passing  tra<  k  for  thi    M.  K    &.-  T    R    R 
near.-  .].,.     Is  also  moving  a  smai. 

Walsh  b  near  Paola 

III.,  has  9  teams.  Wheeler  and  . 

&    Ha, ley    were    awarded    a    state    r<- 
County,  Mo. 

J     E.    Herd,   Lufkin,   Texas,   has   a   22-teana 

railroad  work  in  Arkansas  or  T< 
The   f.v.x    Construct 
their  Frisco  J:.  R.  work.     John  Cox  is  looking  after  tl 
Merarcec    Highlands,   while   Chas     Tho:  work 

rocker,    Mo. 


I  Manhattan  Ave..  Fulton,  N.  V..  has  a  good 
steam  shovel  outfit  idle.  Warts  a  Job  or  will  rent  it  by  the 
month  or  load  material  by  the  yard. 

atenterg    St..     Springfield.     Ohio,     have 
their   work   there.      Are    in    the    market   for  some    gi 
for   a    25-team    Wheeler   and   Fresno   outfit. 


•  xpects   to   complete   his  job  at   Antlers.   Okla 
••   days      Would  like  to  have  another  job  to  move  his  team 
to  when  through. 

varded 
%    and    dou'ele    tra>  ■». 
nd     Walshville.     II 
ng  to  have  their  headquarters  ar    -  n  sub- 

part of   this  work. 

double 
and  Walton  ville.  111. 
-    trart  and  Blythe  Bros,  to  move  their  outfit  on 
art   "f  this   work. 

■re  awarded  contract  for  grade  reduction 
ral  R.   R.   near  900.000   yards 

-  hovels 
<nd   a   big  drag   line   outfit   on   to  it. 

struct  ion  work  estimate,]  ■ 
een  planned  by  the  engineers  of  the   Hoard  of  Public  Service 
riscal  year  which  will  hesin  April  12. 
M.  L.  Windham   is  grading  a  vard  for  the  Illinois  Central   R.   R. 

..dley.    111.;    180.000   yds.    in    this   job. 
J.    B.    Ramsey    is   finishing   his   roaij    work    aear   Bleomsd.i 
Will   have   a   good    team   and   rock   outfit    idle    in    a   few   days. 

e  Co.   Federal   Reserve  Bank  Bldg..  St. 
ad  work  in  Putnam 
- 

W    }"  ie   in  from  Cushman.  Ark.,  to  bid  on  thi 

filling  jobs  on   the  White   river.      Denison   has 
i  shovel  outfit  Idle  that  he  'an  place  on  work 
immediately 

of  Yale  &  R<    -  -  April  « 

out  six  months      W<  rk  was  suspended  on  their 

while 
the    funeral    was    taking    place    in 

A     W.    Riney.  superintendent  of  ..rough 

here  with  a  steam  s;  •  Memphis  on 

to  their  new   Frisco  R.    R.    work   •  -    going 

to  superintendent  this  -  th  him. 

tract  for  paving  X  blocks    ii  Street    Paving  Dis- 

::!ufT.    Ark..    v.     - 
struct:  01 

bids   for   th.-   .  ntire   work   wen  ncerns    were 

represented.     The  specifications   for   the   paving  call   for  3-_.    ■ 
of  fi-ii..  reinforced  concrete  with  curbs.   2utters  and  storm  sewers. 
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i    i 

for  till  i 

Ark.  and  Reed  Springs,   Mo.     Up  t<  fork  has 

awarded. 
,  ■    \\  tor  W  Infield, 

thi  Ir  outfil 

■  >r    601 
Delaware  St.,  Kansas  i"it\.  Mo 

I   te  have  In  the  netehborl 
Santa   Fe   R.   R    bi  I  '  lolorado  Btate 

fork;  G.  Li  Bi  ■  SHHand, 

I 

Benbow,    i 
ng   about    thi 
an  is  with  w.  P    Barn  tl   In  thi 

Lawli  •  ha>  e 

i.i  the  const) 
■ 

n  Elei  trie  Light  &   Power 
Bt.    Louis   through    its   president.    Louis    n     Egan, 

■  i   the  i  \i"  ■  a 

v    Bramer   of   Monett,    M 

in  Stone  County,  on  a   bid  thi 

bridge  from  both  sides  ws  o  Ober- 

their   bid  of  J22.S3S.     Work   will 
be  started  about   the  tlrst  i 
Announcement   has  been  made  that   the  Mi  R-   R. 

■■  mplating  thi  i  new  depot   In  Wai 

the  first  on  the  company's  build- 
I 
The  Layton  Construction  Co.  was  awarded  contract   for  putting 
tem  at   Gillespie,  111.,  for  $205,000.     The  new  system 
will  get 
The   contrai  16    miles   of    Improvi 

awarded  by  the  commissioners  of 

SI     Francis    River   Hlghn  nts   District 

Memphis     whosi    bid   was  $53,000.     The 
■    to  furnish   materials. 
Corstruction  pangs  of  thi  Company   will   he- 

Kin    m   a    few   days    the   work   of   laying   new   90-lb.   rails   on   the 
Springfield  division   between   Wycklea  and   Harristown,  a  distance 
les.      The   work  will   start    at    the   east  end   of  the  vards  at 
s,    a    town    -I    miles    east    of    Decatur.    Ill       New    rails    were 
Uercei     treel     Di     itui     l  yards. 

...    track  equipment   to  be  installed   will  include  rails,  switch 
stands  and  frogs      Whether  or  not  the  company  will  lay  new  rails 
.1    and   also  on    the   Hannibal   division   has   not  been 
determined    by   railro  Plans   are   under  way   for   con- 

onstructlon    work    during    the    summer    months. 
.nt   plans,  new  structures  will  be 
places  only   necessary   repairing  and   re- 
paintlng  will   .x-  done. 

John  E.  Bretz  was  awarded  thi  -   North  Sixth 

street   fl  Street    to  North  Grand   avenue   in    Springfield. 

III.,   at    .  no-  City   Council    held    March   15.     His 

paving  was  | 
The  John  T.  Walbridge  Construction  Co.  of  Chicago  have  started 
work  on  their  sewer  job  in  Springfield.  Ill  .  and  expect  to  complete 
work  within   less  than  a  yeai        \    bond    issue  of  JI'j.OOO  was  voted 
to  defray  the   expenses  of  this   impro\ement. 

The  initial  step  in  the  plan  to  give  Calhoun  County.  111.,  an  out- 
let by  rail  was  taken  when  thi  Chicago  &  Alton  Railroad  led  an 
application  to  extend  its  line  to  a  point  on  the  Illinois  River 
opposite  Hardin,  the  count  oun  County,     If  the  com- 

i  iv  on  the  application  the  Alton  will  extend  its 
Carrollton-Tltus  branch   from  Titus  southwest   3:l,    miles  into  the 
district    to    what    is    known    as    Reddish    road. 

From  a  point  i  uth  of  Titus  the  i 

will    construct    a    1. lunch    to    a    point    on    the   Illinois    River   OP 
Hardin.     This  branch  will   I  long.     Ferries  will  connect 

with  the  rail  i    river.     At  this  time  there 

is  not  a  foot  of  rail  in  Calhoun  County,  but   with   thi 
slon  reaching  the  river  the  residents  eventually 

ol  the  Murphysboro  &  Southern  Railroad 

1  prefi  -rred  stock  of 

irban  line  from 

In,    Illinois,    and    work    will    begin    May   1.     Clti- 

Murphysboro's 

i  larbondale'f  en  nearly  sub- 

the    finances 

tlon  of  the 

Carter 

i  .on  Co. 

Q00      Work 

tart   Immediate 

The   state  Highway  Commission   at    Nashville.    Tenn.,   a 

i  lounty 

i         The 

,     ili,.   work        i  bultd- 

'  Counl  .   YVil- 

M.  mphls.     This     hid     was 

i  he  •  onstruc- 

.      R        \i . 

work   Immi 

i     •  mi  r   ol 

and   In 

■ 


Personals 

W.iifred  Fregolle  has  been  appointed  viUagi    i  Ellbbing, 

Minn. 

George  C.  Stanley  has  1,.  .  ,,  reappointed  city  engineer  of  Burliiif;- 

J.    H.   Kennedy  has  bee n  ntendent   of  water- 

works of  St.  Albans,  vt. 

L.  A.  Grimes  has  bean  appo  nted      iporintendent  ol 
Abilene,  Tex. 
Henry    A.    Fulenwlter   of   Wllmil  has    been   api 

town   engineer  of  New  Castle    Del. 

Cnpt.   Fred   W.    Lang,  as  ,    of  Concord.   N     II 

1    appoint  a  ell  Will  B     Ho* 

did  April  B. 

R.  C.  Miller,  division  cm  terminal  division  of 

Pennsylvania   System,    hai 
Pa 
C.   S.    McConnell   has   been   appointed  il    the  Chicago 

&    Northwestern    Ry,   at     \  ■■  ding  M.    S.  H 

who  has  been  retired  on  pension, 

W.  T.   Pierce  and   I.  T.  Wlnsett  of  Tucson.    Ariz.,   have  organized 
i   i     .,  ,     . 
engineering  and  construction  bu  li 

E.    L.   Hoopes,  sup..  ,,  division  of  the  Pennsvl- 

.i    with   headqi 
promoted  to  -in  Islon 

Mich. 

Robert  Whltten  hi 
1 

[i    n  ill  be  assodal 
itect  and  town  planner, 
wiiiinm   h.   Butts,   toi  professor  of  mathemal 

'Hege  ol  Eng 

■  hlgan,   win 
end  of  the  present  college  year 

George  H.  Rowe.  for  the  past   year  an  assistant  engineer  of  the 
Board  of  ]  ed  to  tele- 

work     has   resigned  similar  position  with  the 

nla   state  Railroad  Commission. 
Herbert   A.   Wilson,   Build  ioner  of  the  city  of  Bos- 

ton    . lass  ,  hs 

Mr    Wilson    is   a   civil   engineer  and 
Ij    was   an   assistant   engineer   in   the   Department   of  Public 
\\  orks  of  Boston. 

Col.   Thomas  F.  Sullivan,  formerly  commissioner  of  public 
of   Boston.    Mass.,    has    been    appointed    chairman    ol    the    Transit 
Department    Commission    of    that    city.      Louis    K.    Rourke 
former  commissioner  of  public  works,   has  been  appointed  a  mem- 
ber of  the  commission. 

T.    J.    Irving    has   been    appointed    division    engineer   of   the    Min- 
nesota   Division   of   the   Chicago   &    Northwestern    Ry.    with    head- 
quarters at  Winona,  Minn..   Vice  W.   J.   Jackson,  deceased      C    H 
has  been  appointed  assistant   englneei  on    with 

headquarters  at  Boone,  la.,  to  succeed  Mr.  Irving. 

John    A.    McGrew  has  been   appointed   general   superintendent    of 
equipment  and  way  of  the  Delaware   ,v    Hudson    1:     H       Hi 

il   the-  Pennsylvania    in  its  engineering  departn 
\\  ellsv  ill.  .    i)..    in    1896.     About    lfm  : 
'•1    way.   with    i  in    Pittsburgh.     lb-  has  been  ass. 

with  the  Delaware  S-  Hud! 1909. 

C.  E.  Skinner,  scientist  of  International  reputation,  and  mai 
of  the  research  department  of  the  Westinghouse  Electric  &   Manu- 

Ing  Co..  has  been  appointed  assistant  director  of  enpii 
In   that  company.     His  duties   as   assistant   dlrectoi    ■,■.   I!     over  re- 
search,   standards  and   other   work  along   these    lines       He   will    be 
located    in    the   main   engineer!]       officers   of     the     Westinghouse 
Electric  Co.  at  East  Pittsbureh.    i 

Obituaries 

James  Williamson,  a  retired  contractor  of  Brooklyn.   N.    J 
April   5.   a;;ed   81. 

James  J.   Lyons,  a  contractor  ,,f  Kansas  City,   Mo.,  died    \pril   :: 
at  his  home.  3319  Oak  St.,  K  <ced  64. 

George   H.    Bodette,   formerly   city   engineer  of   Toledo,    O..   died 
April   11   at   his   home,   22  Columbia  St..    Toledo,   aged   70. 

John    G.    Motley,   a   retired    civil    engineer,    died    April    1.    at    his 
home  near  Fredericksburg  years.     He  was  one  of  the 

engineers   in   building  the  C.   &   O.   Railroad   from   Chariest 
Va.,  to  Gordonsvllle,  Va. 
Charles   L.  Seabury,  marine   architect  and  engineer,   designer  of 
I  tst    yachts,    died   April    7    in    the    New    York    Hospital    of   a 
complication    of    ailments.       He 

bla  Heights.  Yonk.  i  ■ ,.    Mr.   Seabury   bad  been  a 

member  of  the  firm  of  Seabury  .v  de  Zafra.  naval  constructors  and 
marine  engineers,   New  York. 

William   H.  Armstrong.  ,ctor  of  Can- 

i,d   April   2  at    Vancm  \ ,  -i  .    I:     c       Mr.    Armstrong   can 
with  Joseph  Whitehead  In  the  early  part  of  l^Tv      Mr.  Whitehead 
he   contract  of   bull 

young  man.    was  fl 

or  buildings  and  trestles  and   hi    erected  many  ol   the  camps  and 

bridges  between  Cross   I.a!  i  With    M.  J.    Ilanev. 

Mr.  Armstrong  went   to  British   Columbia   to  finish  the  Ondi 

.    1      between       POlt     Ml  IlllicUlt 

[way    construction,      Mr.    Armstrong    built    the    large 

«  Ith  the  building  of  mai 
ilumbla.     lb-  ...  with  Mr.  Hi  building 

I  line 
Krox   Taylor,   president    of   the   Taylor-Whai  Steal 

•     I.,  died    \pi  il   i      He  was  the  fifth  gem 

liich    was    founded    in    1712 
Hew.  and   was  gra' 

from   Princeton  University  with  Bachelor  ol   S 

In  1896      In  col  nd  foot 

ball  teams,  and  wai  i  guard      Mr   Taylor's 

Ig  work 

In  th,    i:,.,  i.i    Mi  unts 

t    from   thi  pany'a   employ 

ii.  I  worked  up  tl 

partments  in  the  foui  old  wheel  shop,  until  h<-  i 

In  1910  he  i  dent. 
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Roads  and  Streets — 1st  Wednesday 

(a)  Roads  (c)   Street   Cleaning 

(b)  Streets  (d)   Municipal     Miscellanies 

(e)   Management   and    Office 
System 

Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)   Irrigation    and    Drainagl 

(b)  Sewers    and    Sani-     (d)   Power  and  Tumping 
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(b)  Management   and         (d)    Steam     Railways.     Con- 
Office   System  struction  and   Maintenance 

(e)    Electric    Railway    Construction 
and  Maintenance 

Buildings  and  Structures— 4th  Wednesday 

(d)  Miscellaneous   Structures 

(e)  Properties    of    Materials 
(O    Managament    and    Office 

System 


(a)  Buildings 

(b)  Bridges 

tc)  Harbor   Structures 
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The  Remarkable  "Comeback"  of  the  is,  st!ppjnfTon  „th?  *eel8  o£  March'  1920'  and  is  50  per  cent 

_  •  f     J  «»»*  ahead  of  March,  1921. 

Construction  Industry  If  the  public  can  be  educated  to  realize  that  capital  in- 
The  construction  season  opens  in  March,  if  we  may  judge  vested  in  railways  should  be  liberally  rewarded,  railway  con- 
by  the  relative  volume  of  contracts  awarded.  March  usually  struction  will  again  resume  its  commanding  position  in  the 
shows  50  to  GO  per  cent  increase  in  value  of  contracts  com-  construction  world,  i«r  America  has  fallen  many  years  be- 
pared  with  the  monthly  average  of  the  preceding  two  months,  hind  in  adequate  provision  for  rail  transportation.  Fortu- 
and  this  year  is  no  exception.  nately  there  are  many  able  leaders  of  public  thought  who, 
It  will  be  instructive  to  compare  total  contracts  awarded  like  Herbert  Hoover,  are  urging  the  people  to  encourage 
in  :7  Northeastern  states,  as  compiled  by  the  F.  W.  Dodge  railway  development.  Every  civil  engineer  should  lend  a 
Co.  for  the  first  quarter  of  the  last  three  years:  nand  in  effecting  a  'comeback"  in  railway  construction. 

, Thousands  of  Dollars ,  

1920.  1921.  1922.  _  _. 

&g£3s  $  H  The  Shortage  in  Buildings 

: 302;i33         U ■:  293,'636  In  our  last  Building  and  Structures  issue  we  showed  that 

It  should  be  remembered  that  contract  prices   during  the  to  overcome  the  building  shortage  would  require  double  the 

first  quarter  of  1920  were  about  25  per  cent  higher  than  for  volume  of  the  pre-war  average  of  building  construction   for 

the  first  quarter  of  1922.  I1-    years,   or   50   per   cent   annual   excess   over   the   pre-war 

On  the  basis  of  contract  prices  of  1920,  the  first  quarter  of  average  for  three  years.    This  estimate  was  based  on  all  the 

1922  would  show  a  10  per  cent  greater  volume  of  contracts  building  contracts  awarded  in  cities  of  3,000  or  more  popula- 

awarded    than    for   the    first   quarter  of   1920;    yet   the    first  tion  in  27  states  during  the  past  8  years  and  is.  we  believe, 

quarter  of  1920  was  a  boom  period,  for  the  "silent  panic"  of  the  most  accurate  estimate  yet  made  of  the  shortage  in  build- 

1921  did  not  begin  until  May  or  June.  ing  construction.     Moreover,   it  takes  no  account  of  the  in- 

On  the  basis  of  contract  prices  during  the  first  quarter  of  crease  in  population  since  1914,  and  is  therefore  a  conserva- 

1921.  the  volume  of  contracts  awarded  during  the  first  quar-  tive  estimate. 

ter  of  1922  is  80  per  cent  in  excess  of  the  first  quarter  of  Expressed    in    dollars,    the    building    shortage    is    approxi- 

1921.     This   is   certainly   a  remarkable   "comeback"   for   the  mately  $2,200,000,000   at  pre-war   prices,  or   $4,000,000,000   at 

construction  industry  in  the  building  and  public  works  fields,  present    prices.     The    annual    investment    in    new    buildings 

for   the   above   given   totals   relate   to    those    fields.     Taking  averaged   about   $1,600,000,000   before    the    war.    or   half   the 

only  public  works  contracts  in  the  27  Northeastern  states  we  total  annual  investment  in  all  kinds  of  construction. 
have  the  following  totals:  In  our  issue  of  Sept.  28,  1921,  we  gave  a  detailed  estimate 

, Thousan  v  of  national   wealth,   based   on   the   census  of  1910,  in   which 

January    s^r.i.  it  appears  that  in  1910  the  total  investment  in  buildings  was 

torch"7    ."."."." .".'.' .'.".".       35.'l21  about  $36,000,000,000,  of  which  slightly  more  than  half  was 

.""""" 5V.412  51,997  invested   in  residences.     The  value  of  all   land   in  1910  was 

Judging  by  the  sales  of  long  term  municipal,  county  and  nearly  twice  the  value  of  all  buildings.  The  per  capita  in- 
state bonds  during  recent  months,  it  is  apparent  that  the  vestment  in  buildings  was  about  $400,  or  about  24  per  cent 
total  expenditures  for  public  works  during  1922  will  exceed  of  the  total  per  capita  wealth.  If  we  deduct  total  land  value 
even  those  for  1920,  in  spite  of  the  lower  prices.    March,  1922,  (about  45  per  cent  of  the  grand  total)  the  total  value  of  the 
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and  i    attracting  for   April    26,  1922. 


building-  constituted  15  per  cent  of  all  the  wealth  other 
than  land.  However,  the  total  on  which  these  figures  are 
based  is  incomplete  in  that  it  lack-  public  works  ami  certain 
lesser  items,  and  it  is  therefon-  vative  and  some- 

what  more   accurate   to   say    that    building     constitute   about 
one-thin!   ol  all   the   wealth   other  than   land.      From    th 
infer  that  normally  about   one  third   of   the  annual   "savings" 
country   is   invested   in  buildings   of   all   kinds,   or  one- 
sixth  iu  residential  buildings. 

figures,  and  they  emphasize  the  im- 
portance of  the  building  industry  in  its  relation  to  thrift. 


Issues  of  Municipal  Bonds  Show  Great 
Increase  in  Public  Works 

Two  periodicals,  "The  Bond  Buyer"  and  "The  Commi 
and    Financial   Chronicle,"    publish  of   the   total 

issues  of  "municipal   bonds"  sold  each   month.     Under  the 

term  municipal  they  include  all  public  works  bonds  other 
than  U  by  the  federal  government.    They  call  the 

long  term  bonds  "permanent  loans,"  to  distinguish  them 
from  temporary  loans  The  following  figures  relate  only  to 
permanent  1. 

The 
I  !hronlcle 

S7fl.lGl.000         S  5S.839.000 

62.9SO.000  50.109,000 

11  T.KIG.OOO 

It  will  be  seen  that  The  Bond  Buyer's  totals  exceed  those 
of  The  Chronicle  by  about  10  per  cent. 

In  our  issue  of  March  22  it  was  shown  that  the  total  value 
of  "municipal"  long  term  bonds  sold  annually  (as  given  by 
The  Bond  Buyer)  is  approximately  equal  to  the  total  amount 
of  stale,  county  and  city  construction  of  public  works,  ex- 
clusive ol  buildings.  It  was  also  shown  that  more  than 
1900,000,001  ol  municipal  bonds  were  sold  during  the  last 
six  months  .1  1921,  thus  forecasting  a  large  construction 
year  in 

In  vi.  w  of  the  significance  of  Buch  data  we  give  the  long 
term  bond  sales  for  the  first  quarter  of  each  year  for  the 
last  30  year.-,  as  published  by  The  Commercial  and  Financial 
Chronicle: 


Month  of 

For  first 

Month  of 

For  first 

March 

three  mos. 

March. 

three  mos. 

1922     . 

.  .S117.136.237 

»296,703,8S  i 

1906     .. 

S  57,030,249 

1921     . 

. .     50,108.747 

2i'l.r,75.715 

17.980,922 

35,727.806 

192"     . 

. .     58,838,866 

1904     .. 

14,723,624 

46,518,648 

1919     . 

106.239,269 

1908     .. 

9,084.046 

30,176,768 

75.130.589 

7.989,232 

:;i,;.r.'.r,::r, 

101,047,298 

l:»H     . 

10.432,241 

23.894,354 

1916     . 

120,003,238 

84,492,466 

1S.621.5V6 

L89i 

23,765.733 

11,020 

12.488,809 

36,671,062 

75.634,179 

4.219,027 

15.150.268 

1911     . 

500.196 

■ 

1 896     . . 

21.026,942 

104.017,321 

1894     .. 

5.080.424 

2t.llR.Sl.-i 

• 

i     ."!.'" 

90,769,225 

1892     . 

8.150.500 

22,264,431 

rods  in  ' 

State. 

bonds  of  1 

few  York  City. 

Increased  Consumption  of  Structural 
Steel  and  Its  Probable  Rise  in  Price 

The  revival  in  demand  for  fabricated  structural  steel  has 
been  very  marked  during  the  last  two  months,  as  the  follow- 
ing  tOl  '  how: 

1921. 
...   171.123  25.634 

160 

onthly    sales    in    1919   were   96,783,   and    in 
1920  thi  hereaa  in  l'.)21  they  were  only  63,189. 

The  started    in    May,   1920,   and   the   sales   of 

structural  steei  fell  off  rapldlj  reaching  their  low 

mark    In    February,   1921.      Then   followed    six   month 
■n  52,000  to  57,001 

revival    Btari  eptember    with    - tons    for   that 

month     No  rcb  with  nearly  140,000  tons,  or  more 

than    twice   th>-   monthly   average   during    1921,   and    nearly 

1  In   March,  1921.     Colncidently 

the  pi  begun  to  risi      ad  will  probably  eon 

time    ti 

Then  ■  '!  published   Indexes  ol   steel   prices,  and 

1    indicate    B  10    l"-r 


cent  above  thai  iu  1913,  or  an  "index"  of  130.  It  is  our 
opinion  that  steel  will  soon  be  selling  at  a  price  fully  equal 
to  that  of  the  average  of  all  commodities,  or  about  150  as 
compared  with  100  in  1913.  Expressed  differently,  it  is 
probable  that  steel  will  rtee  20  per  cent  in  price  within  a 
year,  and  possibly  within  three  months.  The  price  of  steel, 
it  should  be  remembered,  movi  rapidly  when  changes  In 
demand  occur. 


The  Increased   Prices  of    Machinery 
Compared  with  Prewar  Prices 

There  are  no  published  price  Indexes  showing  the  relative 
prices  of  machinery.  \\'o  were,  therefore,  much  interested 
In  some  relative  prices  of  farm  machinery  recently  published 
in  the  monthly  financial  bulletin  Issued  by  the  National  City 
Bank  of  New  York.  The  prices  related  to  four  typical  farm 
implements  at  Kansas  City,  Mo.: 

Aug.  1.  Mar.  14, 

Of    implements $176  $717 

hi    on    implements 13  24 

Total      $489  f741 

This  indicates  an  increase  of  about  r>0  per  cent  over  the 
price  In  1914,  which  is  probablj  fairly  typical  of  the  ratio  of 
i'ii  >  ni  machinery  prices  in  general  to  those  in  1913  or  1914. 
If  so,  it  follows  that  machinery  prices  have  risen  no  more 
than  the  weighted  average  wholesale  prices  of  the  326 
commodities  used  by  the  I  S  Hureau  of  Labor  in  compiling 
its  wholesale  commodity  price  index. 


Determining   Penetration   of  Wood    Preservatives 

i.i'..    '■.....     i  i  :  ..in.  i  i  Laboratoi  j 

The  effectiveness  of  any  wood  preservative  treatment  is 
measured  very  largely  by  the  depth  to  which  the  preservative 
penetrates.  This  can  be  determined  by  the  following  tests, 
which  are  used  by  the  U.  S.  Forest  Products  Laboratory: 

The  presence  of  creosote  oil  is  indicated  by  the  dark  discol- 
oration, and  the  degree  of  penetration  may  readily  be  deter- 
mined  by  taking  a  sample  at  a  point  free  from  checks  and 
other  imperfections  and  at  a  considerable  distance  from  the 
end.  This  may  be  done  either  with  an  ordinary  ^-in.  bit.  or 
with  an  increment  borer,  which  brings  out  a  core  of  wood 
that  shows  in  cross  section  the  depth  of  penetration  and  is 
easily  examined.  The  observation  should  be  made  at  once, 
because  the  oil  spreads  rapidly  over  the  cut  surface.  In 
order  to  prevent  infection,  the  hole  in  the  treated  piece 
should  be  tightly  closed  with  a  creosoted  plug. 

As  zinc  chloride  is  colorless,  the  depth  of  penetration  of 
this  preservative  must  be  ascertained  by  chemical  means. 
After  cutting  the  stick  in  two  or  getting  a  sample  with  the 
increment  borer,  the  freshly-cut  surface  is  dipped  for  not 
to  exceed  10  seconds,  in  a  1  per  cent  solution  of  potassium 
ferrocyanide,  and  the  excess  solution  is  removed  by  blotting 
paper.  The  sample  is  then  dipped  into  a  1  per  cent  solution 
of  uranium  acetate,  and  dried.  The  treated  portions  will  be 
whiter  than  the  natural  wood,  and  those  untreated  will  have 
a  dark  red  or  a  maroon  color.  This  method  does  not  give 
very  sharp  contrasts  on  wood  which  is  reddish  in  color,  like 
red  oak,  but  otherwise  is  very  satisfactory  and  affords  a 
permanent  record. 

Another  method  (developed  by  Galen  Wood)  consists  in 
spraying  over  the  freshly-cut  surface  a  mixture  of  equal  parts 
ol  ,i  i  per  cenl  potassium  ferrocyanide  solution,  a  1  per  cent 
potassium  iodide  solution,  and  a  ."•  per  cent  solution  of  solu- 
ble starch.  This  colors  the  treated  purl  ion  a  very  dark  blue, 
but  does  not  affect  the  untreated  wood.  Although  the  color 
fades  in  time,  it  may  he  brought  bach  by  spraying  again. 

Sodium  fluoride  is  colorless,  ami  in.  satisfactory  method 
of  showing  its  presence  in   v, .  ■  n   devised. 

ill  k  uric  chloride  is  also  colorless,  but  dipping  the  wood 
in  a   solution  of  hydrogen  sulphide   turns  the   treated  area 

black. 

As  Individual  pieces  may  show  an  abnormally  high  or  low 
degree  of  penetration,  a  sufficient  number  of  tests  Bhould 
ii.'  made  to  obtain  a  fair  average.  Samples  ihould  !»■  taken 
ai  a  considerable  distance  from  the  ends  of  the  stick.  In 
order  thai  the]  will  not  be  affected  by  the  heavy  longitudinal 
I.   ni'  ii  n.ii   from  the  ends. 
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Relation  of  Wages  to  Per  Capita  Money  for  80  Years 

By  IIALBERT  P.  GILLETTE,  Editor. 


\    cause-effect  relationship  is  oftei  by  a   quan- 

titative relationship.  Indeed,  when  any  two  things  vary 
quantitatively    through   a   wide   rangi  tantially   the 

same  degree,  it  is  highly  probable  either  that  one  of  the 
things  is  a  cause  ol  the  other,  or  that  they  are  both  effects 
of  a  common  cause.  Every  research  scientist  is  on  the 
lookout  constantly  for  quantitative  relatii  uships  of  the  sort 
just  named,  for  such  relationships  nearly  always  disclose  a 
cause-effect   kinship. 

For  several  hundred  years  it  has  been  observed  repeatedly 
that  any  sudden  increase  in  the  quantity  of  money  in  circu- 
lation in  a  nation  has  been  soon  followed  by  an  increase 
in  commodity  prices  and  in  wages.  But  during  the  past  half 
century  political  economists  have  tended  to  assign  greater 
weight  to  the  effect  of  "checking  bank  deposits'  (or  "credit 
currency")  than  to  money  in  explaining  changes  in  price  and 


whereas  factory  wages  in  17  states  averaged  7>'i  per  cent 
above  the  1913  level,  on  the  other  hand,  union  wages  in 
1921  averaged  93  per  cent  above  the  1913  level,  whereas  the  fac- 
tory \sages  indexed  was  somi  union  wage 
Index,  in  short,  union  wages  usually  move  more  slowly  than 
wages  both  in  the  rise  and  mi  tii,-  decline,  hut  in  the 
long  run  they  rise  or  fall  substantially  in  harmony  with 
other  wages. 

The  wage  curve  ami  per  capita  monej  curve  in  Fig.  1 
show  such  a  pronounced  affinity  that  I  believe  no  scientifically 
trained  man  can  look  at  these  curves  without  being  con- 
vinced that  there  is  a  cause-effect  relationship  between  them. 

The  first  question  that  present  Itseli  I  this:  Have  in- 
creases in  per  capita  money  preceded  or  followed  increases  in 
average  wages?  The  answer  is  that  wage  level  changes  have 
almost    always   lagged   behind   changes    iii    pi  ipil       money. 


Wage  Level 


=  Per  Capita  Money 


Fig.    1. — Wage   Levels 


Terica   Since   1840   and   Per   Capita   Currency  in  Circulatior 


wage  levels.  But  if  it  can  be  shown  that  wage  levels  have 
moved  synchronously  with  per  capita  currency  in  circulation, 
and  not  with  bank  deposits,  it  will  have  to  be  admitted,  I 
think,  that  political  economists  have  been  in  error. 

Fig.  1  shows  two  curves,  one  curve  giving  relative  average 
daily  wages,  or  wage  levels,  in  America  for  every  year  since 
1840;  the  other  curve  giving  per  capita  currency  in  circu- 
lation for  every  year  since  1870,  and  for  every  fifth  year 
prior  thereto.  The  wage  curve  (or  wage  index)  is  based 
on  the  average  daily  wage  in  1913  as  100  per  cent.  From 
1840  to  1890  the  wage  index  is  that  compiled  by  Falkner 
and  published  in  U.  S.  Senate  Report  No.  1394.  From  1890 
to  1921,  the  daily  wage  index  is  that  for  union  labor  (see 
bulletins  of  U.  S.  Bureau  of  Labor).  I  have  checked  this 
wage  curve  at  5  and  10  year  intervals  against  the  average 
annual  wages  of  employes  in  manufacturing  industries,  as 
deduced  from  census  statistics,  and  I  have  found  substantial 
agreement  with  the  wage  curve  except  for  1869  and  1919. 
In  those  two  years,  the  rapid  change  in  wage  levels  following 
a  rapid  change  in  per  capita  money  were  such  that  factory 
wages  did  not  move  in  entire  harmony  with  union  wages. 
Thus  in  1919,  union  weekly  wages  are  reported  by  the  Bureau 
of  Labor  as  having  been  48  per  cent  above  the  1913  level, 


Note,  for  example,  how  the  per  capita  money  increased  dur- 
ing the  world  war  in  advance  of  increases  in  the  wage  level. 

Note  particularly  the  fact  that  during  the  80  years  covered 
by  the  chart  (Fig.  1)  wages  rose  from  a  level  of  40  to  a 
level  of  nearly  200,  and  that  per  capita  money  showed  an 
almost  equal  increase.  Note  particularly  that  about  1916 
both  curves  show  a  sharp  upward  turn,  the  cause  (money) 
changing  in  advance  of  the  effect  (wages). 

It  has  been  argued  by  many  bankers  and  by  some  political 
economists  that  it  is  almost  impossible  to  determine  whether 
increase  in  bank  deposits  ("credit  currency")  precedes  or 
follows  increase  in  commodity  prices;  hence  that  it  is  very 
difficult  to  ascertain  which  of  the  two  is  the  cause  and  which 
the  effect.  But  such  a  difficulty  does  not  confront  us  in 
regard  to  money  and  wages,  major  changes  in  the  former 
clearly  preceding  major  changes  in  the  latter. 

Thus  far  we  have  considered  merely  major  changes,  or  the 
general  trend  of  per  capita  money  and  wages.  Per  capita 
money  is  not  the  sole  cause  of  change  in  wage  levels, 
although  it  is  the  major  cause.  The  minor  cause  is  velocity 
of  money  circulation,  or  rate  of  money  turnover,  which  is 
an  oscillating  factor  that  increases  in  "good  times"  and 
decreases   in   "bad   times,"   but   oscillates   about   a   mean   or 
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normal.    The  product  ol  per  capita  money  and  the  velocltj  ol  1920,  and  we  tnaj  be  sure  thai  with  the  revival  ol  business 

lowed  In  an  article  they  will  put  out  even  greater  quantitii  -  ol   Federal  reserve 
;  inn!  Contraci                    1921.  j     Increa  ed  quantity  of  gold 

Bui  nk.  i'.  "Hov  Ul11  make  II  lomlcallj  safe  to  Ibsui    b  correspondingly  in- 

i  do  ii"i  i-ii"'.    it.     An  Increased  creased  volume  ol  paper  monej    (federal  reserve  not. -si.  and 

circulation    of  nothing    short   ol   B  change   In   th<    law   is   likely  to  prevent 

i   constant   quantity    of  monej    is   virtually  enormous   Inflation   of  our   currency   during   the   prosperous 

ii  years  upon  whlcb  wi  inj    manufacturer 

Viinti-  lally  effective,  bul   bankers  are  prone  or   contractor    who   conti  Dl    goods   or 

Btructu  months    In   advance,    basing    his   estimates 

its    which  is  as  tar  back  as  reliable  ""  '"  '■m   r,ln  n'"  -Me 

have    becomi  This-  wil1  probablj   hold  I  -.oars    . 

■    Di  J     has        to   • 

fold  what  it  was.    There  are  about  (6  ol  bank  

at,   ii    Increases   In  i        r»    • 

ts  (or  credit  cum  Index   INumbers   of   Wholesale   Prices 

irrencj    lias,   then    we    could    practical^  1Q1Q  1V/1  U      inoo 

and   confine  our  attention   to   bank   deposits      But  1"1>J    to    IVlarCn,     iaZZ 

if  this  almost  twice  The  accompanying  tabulation  shows  the  index  number  of 

gfa  as  they  nov   are.     tl  revalent  theory       wholesale  prices  by  groups  of  commodities,  as  computed  by 

I  dank  credits  is  as  Influential  as  the  volume      tne  U.  s.  Bureau  of  Labor  Stat  ;roup  of  miscel- 

of  money  in  the  immodltj   price  and  wage  levels,      ian  includes  such  Important  articles  as  cot- 

ifronted  with  this  enigma:     How    is  it  that   wage      toi  lute,  rubber,  newsprint 

followed   per   capita   money,    hut    have   shown    no       .,,,,1    wra  ,,     laundry,    starch,    tobacco, 

on  to  hank  .;  lume  of  b   ok  ,,,  i,,,],,.    The  com- 

d  the  volumi  enigma       modifies,  composing  tin-  othi  .1  by 

ders   of  the   prevalent   theorj    that  the  title: 

IBS  tlo-  same  eft.  i  as   has  real 

curr;,.  -    ,hey   can    answer    it    satisfactorily    their       nn>«  numbers  «  ■.;,.., :s   .x^s,. •„,,:„ 

theory  stand 

tiling  to  Prof.  King  about   75  innual 

income  in  America  goes  to  manual  and   mental  workers,  and 

25  per  i  Ital.    Hence  commodity  price  levels  would  -  _  ^v      ;_^ 

move  approximately  with  in  the  long  run,  were  2  g  ~-~-_      ij|      ~."i     c.\       ^      £  j 

it  not   for  changes    in   efficiency   o  ral  Z  =      a£    £_     g"|     ■§•=      ;.  u    i=      ga 

increase  in  efficiency  of  production  lowers  pries  almost  in  ,'l'i',!',,,'!,'."     g|       I      c£      S|  ;.      -f 

proportion  thereto,  as  1  showed  bj    statistical  evidence  'Z  ~       fo      ;  v      _..     Sgs  ME      u«      :=     Ha      <£ 

to  Engineering  and   Contracting  April   7,   1920      As   there       ■■;:.  L0«  i     100 

shown    the    commodity    price    level    is    proportional    to    the  ,,,  (|  ,,,       .,,„       98       9g 

nroduct  of  the  per  capita   current    and   the   velocity   of  circu-  Jul;      ...   101  00      101      100 

f  '      '        \         ,  ,i™       i  "  ]"         102       100       100         99         98       100       100       100       101 

lation  divided  by  the  per  capita   •  production.     I       )m]  96       g?       97      m       gg       gg 

show.-d  that  the  per  capita  efficiency  of  production  had  never  gg  mo  99       99      100 

increased  more  rapidly  for  a  decade  than  25  per  cent.    Hence  April                                                   91  99  100  -U 

if  we  assume  a  stationary   wage  level,   average   commodity  ,,.,           !i                                      S3  96  105  99       96 

prices    (or  price  index)    will  probably  not  fall   more   rapidly  i                                                              .;  m  101 

th™  oz.  npr  cent  v.-nlv  over  a   lone  neriod  of  vi  •'  '" '"-      llli;        9G        ";        83        94      w        "      10°        " 

tnan  ^.o  per  cent  >>ail\    o\.  i    a   ion-,  pi  uou  ol  .  April  ....  10'  S9        91        94       102        99        99      100 

Per   capita   currency    in   circulation    is    about    50    per   cent          ,iuiv  90      102  93  108  99  98  mi 

above  that  in  1913;   hut  our  per  capita  gold  is  80  per  cent         0  9.;     100  93  121  9:.  99  10] 

above  that  in  1913.     In  view  of  the  great  volume  of  gold,  '",'.;,■■■  ™  }|6  J»  |«|  ;',  »  J" 

bank  deposits  will  ultimat.lv  Increase,  and  paper  money  will           April  .    .   ill  11:  119  147  101  172  108  110  117 

Increase;  so  for  the  next  few  years  the  pi                  that  [«  J»  , ; j  ;;  «  J  »» 

per   capita    currency   will    increase,      it    may    even    rise    to    a  r.,i:  .   igs  ;.,;  1,;  L24  198  lit  166  176 

„„:„,    mnoinVmhlv  "hiirher    than    it    reached    in    1920    or    1921.  Jan lis       160       161        176       188       106       T.9       132       138       161 

point  consiaeraDn    nigncr   man   >i   reacneu    in    1.-  1-1  ^  [gJ      ,,,  ,ils      n)      ]70      1Jg      1 ,,,      1Tn 

In  which  event  wages  will  again  rise,  and  thej    may  attain  a  199      1!  161     163      186 

lovol   on  nor  rprit  nr  more  ahove   the   nresent  level  '  l98       ,s:!       193       1  "'•       ' s-       '" 

level  JO  per  cent  or  more  ano\  1    n  \ei.  lg]      lg|      m      1M      v 

It  is  astonishing  to  observi  icy  most         Jan    207     187      211  61 

busineBS   men   and   bankers   talk   as   If   ii     rtain  that  | 

■     and    price   levels    would    receCe    to   the    pre-war   level  ,,,.,       .      224      201                                              , 

wltb                                 ars.     Man,                     toi   to  the  fact  11                                                    i«i     ig     . 

that  after  our  civil  war,  commodity  price  levels  declined  until  X|ini                      1                                162      178      217 

rheyare  I                                M     m     |«     j 

that  deterin  levels,       ,,.„   :.,, 

nimodity  prices  and  wages.    Ask  them 

■  ■>'  '  ■  ■  11    I"    III 

mon.  aoney  is  «w  -);;     :,.;  62     247      w 

that  determines                           Ask  them  as  juij                                                                ; 
to  ,                                           increa  e  in  product 

and  ,                                                                           teady  increase  Oct, 

levels  can  be  j  ■  ;-             [«         ,. 

,,s-  1921:  ,.       ... 

hM  Deen         Jan.  ... 

npwi  ■  as  com-  March     '.'.    11  !71,      -7r'      ,,: 

world  war  the  wage  ■      ]\\      }|« 

;  more  sharply  upward,  following        ;,„'„„  ;;;;  , 
curve.    Thi    Increasing  ;  '  ill     1  I     147     1M 

Imp  gold    had    for    man  cause  :     :-.'3     146     161 

oft.  .ith  the  introduction  of  our  Oct.   11!  |«2      |1«       •) 

Fed.  '  : 

nr,      ,  in      -n"  'in      110 

tha' 

or  to  the  depression 
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How  Local  Engineering  Societies  Can  Serve  the  Public 

Comments  on  Suggestions  in  Editorial  in  Feb.  22,  Issue  of  Engineering  and  Contracting 


Public   Should   Be   Informed   as  to  Value  of 
Engineer 

Thai  the  engineer  should  take  lii-  tiding  public 

opinion  will  be  admitted  by  those   who  understand   thi 
Bcultj  oi  so  d(  ing  h  the  fact  thai 

j > u b 1 1 . ■  does  not  realize  that  the  engineer  is  particularly 
suited  tor  su 

Thai   the  value  of  the  engineei  ome  known,  it   is 

necessary  that  some  cheap  and  effectr  mel  od  bi  devised 
whereby  the  public  may  learn  of  tb 

er.    This  may  be  done  by  local  engineering 
ii  ited  «  Ith  uational  orgai     atioi 
Into   consideration    matters   conci  rning     be    public    in    theii 
discussional    meetings,  and    having    thi       plans    and 

mendations   published    so    thai    peopli ij    know    thai    the 

interested    in    something  >r    than    technical 

cts. 
To  carry  out  any  plan  to  place  the  engineei         the  front 

in  public  activities,  funds  will  be  required.     But 

is  one  who  will  want  to  be  shown  just  what  his  money  will 

do  before  he  will  subscribe  to  the  fund 

through  local  activities  ho  will  realize  that   In'  ha         i  : 

lill  in  public  affairs,  and  because  of  his  aroused  interest 
will  gladly  help  toward  the  advancement  of  the  engineering 
profess  L.  H.  HAHX. 

Madison.  Wis. 


Chapter   Takes  Active   Interest    in   Civic   Affairs 

The  Milwaukee  Chapter,  A.  A.  E..  has  taken  an  active  part 
rtain  matters  of  public  interest  in  Milwaukee.  Last  year 
our  public  relations  committee  gave  careful  study  to  the  prep- 
on  of  a  report  on  the  proper  location  of  a  proposed  termi 
nal  for  a  proposed  car  ferry  line  which  was  to  operate  be- 
tween Muskegon,  Mich.,  and  Milwaukee.  This  report  was 
submitted  to  the  public  and  to  the  Association  of  Commerce. 
The  question  was  as  to  whether  the  terminal  should  be  lo- 
cated up  the  Menominee  River,  past  several  bridges,  or 
whether  it  should  be  located  near  the  harbor  mouth,  where 
ao  bridges  would  be  crossed. 

This  year,  1921-22,  our  public  relations  committee  has  pre- 
pared a  study  and  report  on  the  development  of  the  new 
■outer  harbor.  This  was  a  very  comprehensive  paper  and 
was  submitted  to  the  Association  of  Commerce,  and  it  is 
believed  that  it  will  have  weight  in  promoting  the  securing 
of  appropriations  and  the  upbuilding  of  the  new  harbor, 
which  will  be  of  great  importance  in  case  the  St.  Lawrence 
■waterway  is  developed. 

The  committee  is  now  studying  the  matter  of  street  devel- 
opment and  widening  and  civic  centers. 

We  have  a  representative  serving  on  the  safety  commis- 
sion of  the  city  of  Milwaukee.  Also  a  representative  on  the 
civic  council.  One  of  our  members  has  also  recently  been 
appointed   on   the    sewerage   commission. 

We  believe  that  engineers  should  take  a  genuine  interest 

in  public  affairs  and  seek  election  to  office  when  th 

tunity  offers.  X.  M.  WORKS, 

Secretary     Milwaukee     Chapter     American     Association     of 
Engineers. 

Milwaukee,  Wis. 


Let  the  Public  Know  Just  What  an  Engineer  Is 

It  appears  to  me  that  a  good  plan  would  be  to  have  civic 
bodies  who  are  interested  in  improving  conditions,  have  one 
of  their  members  write  a  well-thought-out  and  carefully  pre- 
pared paper  on  the  matters  in  which  they  are  interested, 
take  the  matter  up  with  the  officers  of  the  local  engineering 
society  and  read  it  at  one  of  their  meetings.  This  is  a 
matter  which  is  very  easy  to  arrange,  as  most  of  the  engi- 
neering societies  are  very  glad  to  hear  papers  prepared 
from  other  than  a  strictly  technical  standpoint,  and  are 
always  willing  and  ready  to  co-operate  in  any  movement  of 
benefit  to  the  community  in  general.  However,  no  engi- 
neering society  that  goes  in  for  partisan  movements  can  hope 


to  exisl   tor  any  Iengtl im  ei  j   simple 

that  the  members  are  drawn  from  all  pol tl  divisions.    To 

draw    an   engineering   soi  would 

<  i  j   effectually  break  it  up. 

Wh.n  our  engineering  societies  have  been  doing,  in  some 
measure,  and  what  I  think  thai    the;      bould  concentrate  on, 
i      the  public  as  to  just  what  an  Most 

people  think  thai   an  engineer  can  do   no  other  thing  than 
rn    structures,    machinery    and    other   devices,    or    make 
maps  and  surveys.     What   thej    do   nol     eem   to  undei 
is   thai    the   chief   function   oi    an   engineer    is   to   con 
finance,  organize,  design,  erect   and,   last   bul   nol   least,  eco- 
llj  operate  public  works. 

In  many  places  we  find  waterworks,  sewerage  and  drain- 
age systems  being  operated  undei  of  men  not 
anl  iiii  the  essential  principles  of  engineering. 
There  are  main-  cities  in  which  the  health  board  is  made 
up  entirely  of  doctors  and  civilians.  Xow  it  is  very  well 
tor  medical  men  to  find  out  what  is  desirable  tor  the 
of  a  community,  but  it  is  absolutely  up  to  an  engineer  to 
decide  how  the  remedy  is  to  I"-  applied,  with  the  funds 
available,  and  to  decide  what  funds  are  needed.  In  many 
cases  the  advice  of  an  engineei  in  financial  mattei 
be  of  decided  advantage  to  public  hoard  becau  of  his 
al  tendency  toward  the  i  side  of  all  finan- 
cial  transactions. 

It  would  be  well  for  communities  if  the  administrative 
head  of  all  departments  doing  ((instruction  or  maintenance 
work  was  a  thoroughly  qualified  engineer  of  acknowledged 
standing.  Furthermore,  he  should  be  untrammeled  by  par- 
tisan politics.  Unfortunately,  this  is  not  likely  to  be 
permitted. 

I  believe  that  if  it  were  possible  for  the  engineering  so- 
cieties to  organize  small  active  units  (committees)  who 
would  constantly  keep  before  the  legislature  and  governor 
of  each  state  the  necessity  of  appointing  on  all  public  boards 
at  least  one  engineer  who  would  be  a  member  of  the  board, 
not  an  employe,  then  the  engineer  would,  indeed,  get  into 
a  position  in  which  he  could  do  the  most  for  his  community 
and  gain  the  recognition  which  he  deserves. 

I  believe  that  if  it  were  possible  to  keep  city  engineers 
and  engineers  in  charge  of  other  public  boards  free  from 
political  entanglements  and  undue  influence,  all  public  works 
would  be  conducted  on  a  much  more  economical  basis  than 
is  at  present  usually  possible.  This  is  a  matter  which  is 
up  to  the  voters  of  the  community.  If,  as  usually  happens, 
most  of  the  business  men  of  a  community  are  so  engrossed 
with  their  personal  business  that  they  cannot  find  time 
to  register  or  to  vote  more  than  once  in  several  years,  then 
the  responsibility  rests  with  them  and  what  happens  due  to 
the  politicalization  of  public  works,  is  beyond  anything  that 
the  engineering  societies  can  correct. 

When  the  public  awakes  to  the  necessity  of  placing  in 
charge  of  public  works  only  men  who  have  been  trained  to 
handle  large  engineering  problems,  then,  and  only  then,  will 
they  reap  the  harvest  of  benefits  which  economical  construc- 
tion and  operation  can  produce.  In  the  meanwhile,  all  that 
the  engineering  societies  can  do  is  to  so  organize  and  co- 
operate that  the  benefits  of  engineering  knowledge  and  train- 
ing on  public  boards  shall  be  persistently  and  forcibly  brought 
to  the  attention  of  our  governors  and  legislatures. 

If  the  taxpayers'  associations  and  other  civic  associations 
could  be  brought  to  understand  that  it  is  to  their  interest 
to  help  out  in  this  matter,  not  so  much  with  the  idea  that 
they  will  thereby  reduce  taxation,  but  that  by  doing  so  they 
will  get  a  maximum  return  on  taxes  paid,  it  might  be  possible 
to  get  them  to  bear  their  share  of  the  expense  involved, 
which  will  not  be  light.  I  fear,  nevertheless,  that  this  ex- 
pense is  more  than  likely  to  be  forced  on  the  engineers  alone, 
who.  unfortunately,  are  hardly  in  a  position  to  bear  it.  One 
other  thing  which  I  would  like  to  bring  out  is  that  the 
engineers  themselves  should  make  every  effort  to  see  that 
no  one  is  employed  in  an  engineering  capacity  who  is  not 
fully  qualified  to  do  work  of  an  engineering  nature. 

EUGEXE   F.    DELERY. 

New  Orleans,  La. 
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Arousing  the  Interest  of  Engineers  in  Civic  Affairs 

:        ,.  ,       ■  entiments  ol 

and  during  the  past  twi  Man  of 

omen!   committee  of  ti  I       Chapter 

kepi    thai    Idea 

foremost  in  my  mind,  and  whi  I  mpted 

through  our   meetings  to  arouse  the   Interest   ol   the   engl- 

is  civic  m. liters.    M>  contention  lias  been  thai  uol  only 

nd  as  citizens,  but,  tat- 

thermi  ture  ot  their  training  ai 

■■  r  Qualified  than  most  person 

lv<    the  many  problems  which  come  before 

mmunlty,  and  especially  one  growing  as   fast  as  Los 

yon    suggest    In    your    editorial.    I    have    found 

that  very  few  engineers  have  the  time  to  give   to  the   study 

Ol    these    matters,    and    hence,    What    little 

under  more  or  less  of  a  handicap. 

ther  difficulty  which  l  have  •  Is  that  I  be- 

lieve the  majority,  or  at  least  a  goodly  number,  of  our  engl- 
mployed  in  either  city,  county,  state  or  federal 
service,  and  as  such  they  usually  are  subject  to  civil  service 
rules  which  in  nearly  all  cases  specifically  state  that  . 

list  not  take  part  in  activities  of  a  political 
nature,  and  1  have  found  many  of  our  most  able  engineers 
reluctant  be-  .  \.  rj   thing  to  join  in  or  take  part  In 

many  issues. 

The  writer,  speaking  before  our  Association  not  more 
than  three  months  ago.  urged  the  very  things  which  you  have 
set  forth  in  your  editorial. 

I  am  heartily  in  sympathy  with  your  sentiments  and  hope 
that  we  may  be  able  to  do  something  here  in  Los  Angeles 
along  these  lines,  but  feel  that  a  better  start  can  be  made 
if  publications  such  as  yours  will  keep  this  continually  be- 
fore the  engineer  until  he  actually  believes  it  himself,  and 
will  come  out  of  his  shell,  so  to  speak. 

J.  HUNTER  CLARK. 
Secretary,  Los  Angeles  Chapter,  A.  A.  E. 
Los  Angeles,  Calif. 


What  the  Engineers'  Club  of  Minneapolis  Is  Doing 

I  will  outline  some  of  the  activities  of  the  Engineers'  Club 
of  Minneapolis: 

Beginning  on  the  10th  of  .November  and  continuing  through 
to  the  16th  of  March,  we  have  held  weekly  joint  luncheons 
with  the  Minneapolis  Chapter  of  A.  I.  A.,  at  which  we  have 
had  speakers  who  have  given  short  talks  upon  subjects  of 
interest  to  all  engineers  and  architects,  as  well  as  the  general 
public.  The  subjects  discussed  have  included  the  following: 
The  General  Economic  Outlook;  The  Outlook  for  Financing 
New  Construction;  Freight  Rates  on  Construction  Materials; 
The  Why  of  the  A  G.  C.  A  .  Recent  Developments  in  Chem- 
ical Engineering;  Recent  Developments  in  Electrical  Engi- 
neering; Building  Conditions  in  Minneapolis;  Conditions  in 
the  Lumber  Business;  Work  of  the  National  Chamber  of 
Commerce;  Advertising  for  Architects  and  Engineers;  The 
Proposed  Federal  Reserve  Bank  of  Minneapolis;  Reciprocal 
Relations  of  the  Engineer  and  Attorney;  The  Minneapolis 
High  Dam;  Character  Analysis;  Industrial  Relations;  The 
St.   Lawrence  Waterway. 

Among  the  committees  which  are  standing  committees  in 
our  club  is  the  one  on  civic  problems,  composed  of  prom- 
inent engineers  and  men  of  affairs,  and  whose  duty  it  is  to 
take  up  local  questions,  political  and  otherwise,  in  which  the 
engineers  are  interested. 

We    have   at   the   present   time  a   committee   investigating 
awards  of  paving  contracts  in  the  county  of  Hennepin. 
ir  regular  monthly  meeting,  March  21,  where  89  were 
present,  we  discussed  inland  waterways,  Including  specifically 
the   improvement  of   the   Mississippi    River  for  water   trans- 
nil  die- 
n  of  the  St.  Lawrence  Waterway  took   [dace  after  the 
regular   speakers   had    fit  presentation-,    covering 

the   pros  and  cons  of  the  whole   matter,   and   a   motion   was 
then   made  and   passed   unanimous;  the   project 

toviding  for  conveying  this  endorsement    to  Con 

ways   and 

Of  getting  before   the   public   in   printed   form  the  gist 

Of  this  discussion  for  the  purpose  of  promoting   the   project. 

to    further    discuss    the 
and   bring   in  a   report   for  final  action  at 
•  lub. 


Our  club  is  represented  on  many  of  the  conn,. 
Civic  and  Commerce  Association,  which  is  the  central  organ- 
ization of  the  business  Latere  I  ol  Minneapolis  which  digs 
Into  all  public  affairs.  Our  club  is  also  represented  on  the 
mission  and  ether  bodies,  including  the 
m  ol  the  park  board  and  the  superintendent  of  parks 
and.  of  course,  In  all  branches  of  the  city  eiiBineering 
department. 

Now,  one  big  thing  Which  we  have  accomplished  by  our 
weekly    1  ti Ii i  i    arouse    i  Ill  ..]     the 

local  press.  They  have  had  reporters  at  practicall]  .ill  of  our 
is  and  have  written  them  up  in  good  shape  in  the 
dallj  papers,  and  thej  are  also  sending  reporter!  to  our 
evening  meetings  and  writing  those  up  as  they  have  never 
been  written  up  before  Tnl  publli  Ity  is  putting  the  engi- 
neer and  his  work  before  the  public  in  a  very  favorable  light 
and  adding  greatly  to  his  Influence   In   public  matters 

Practically   all   of   the   BUbjects    which    we    have    ,), 

have  touched   upon   public  qui  itioni     .n   waj    or  another. 

We  hopi    bj    following  our  present   coursi  more 

and  more  the  public  esteem  for  the  knowledge  of  the  engi- 
neer in  public  matters  so  that  he  will  be  called   upon  more 
as  time  goes  on  to  take  pari   iii   public  affairs   and   hi 
mold  public  opinion. 

We  believe  that  we  are  doing  a  real  service  to  the  public, 
and   it  is  costing  us  very  little   In  money.  BOmethlng   in  time, 
of  course,  but  we  feel  that  the  results  justify  the  effort. 
1  ruly, 

WALTER  11.   WHEELER, 
President,  The  Engineers'  Club  of  Minneapolis. 

Minneapolis.  Minn. 

Chapter  Has  Civic  Committee 

This  chapter  has  already  appointed  a  civic  committee  to 
investigate  matters  such  as  referred  to  in  your  editorial  of 
Feb.  22.  It  is  their  duty  to  notice  and  call  to  the  attention 
of  the  chapter  all  cases  where  they  believe  or  suspect  that 
the  funds  of  the  taxpayers  in  this  community  are  being 
wasted  or  used  fraudulently.  It  is  the  intention  at  this  time 
that  their  activity  will  be  confined  to  engineering  cases,  but 
after  the  committee  gets  working  properly  it  may  very 
possibly  prove  advisable  to  extend  their  powers  to  broader 
fields.  L.  K.  RUTTKAY,  JR., 

Secretary,  Helena  Chapter  A.  A.  E. 

Helena.  Mont. 


Atlanta  Adopts  Zoning 

Atlanta,  Ga.,  adopted  a  zoning  ordinance  April  10  by  a 
nearly  unanimous  vote  of  the  council  The  ordinance  di- 
vides the  city  into  dwelling  house,  apartment  house,  business 
and  industrial  districts.  Three  classes  of  height  districts 
are  established  with  limits  of  50  ft.,  100  ft.  and  15o  ft.  re- 
spectively. Building  line  Id  yard  and  rear  yard  require- 
ments are  established  for  all  buildings  in  the  resideni 
trictB.  Lot  area  requirements  are  based  on  the  number  of 
housekeeping  units  for  which  the  residence  building  is  ar- 
ranged; 5,000  sq.  It.  Of  lot  area  tier  family  i-  required  for 
much  of  the  dwelling  house  area  and  2.500  sq.  ft.  of  lot  area 
per  family  for  the  areas  suited  to  double  or  two  family 
house  development.  In  most  ol  the  apartment  house  areas 
only  625  square  feet  per  family  Is  required,  while  in  the 
limited  hotel  and  elevator  apartment  sections  there  is  no 
minimum  lot  area  requirement,  though  side,  rear  and  front 
yards   are   required. 

The  zoning  plan  and  ordinance  was  prepared  for  the 
Atlanta  Plan  Commission  by  Robert  Whitten,  citj  planner, 
Cleveland.  ()  The  initial  indifference  or  opposition  of  the 
public  was  overcome  by  an  intensive  educational  campaign 
in  which  newspaper  articles,  editorials  and  cartoons  played 
hi  Important  part  Wve  thousand  copies  of  a  tentative  zon- 
ing map  and  of  an  attractive  illustrated  pamphlet  describing 
the    proposed   zoning  and   giving   the   reasoi  ining   is 

necessary,  were  distributed.    Work  on  the  zoning  was  started 
by  Mr.  Whitten   In  May,  1921,  and  the  zoning  ordinate 

tive  In    \ pi  it.  1922,  a  little  less  than  a  year  from 
the  time   the   work   started. 


Portland  Cement  Output  In   March.— Portland  cement  pro- 

n    in    March    amounted   to   6,685,000   bbl.,   according   to 

the  D    8,  Geological  Survey.     Shipments  totaled  7.002,000.  and 

...  hi   in     lock  at  the  end  of  the  month,  13.824.00k  bbl 
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Highway  Bridges  Over  Spillways  of 

Dams  of  Miami  Conservancy 

District 

Highways  cross  the  valleys  on  the  tops  of  all  five  dams 
of  the  Miami  Conservancy  District  of  Dayton,  0.  The  spill- 
ways axe  spanned  by  concrete  bridges  of  the  deck  girder 
type.  A  number  of  unusual  features  included  in  the  design 
and  construction  of  these  bridges  are  described  in  the  April 
Miami  Conservancy  Bulletin,  from  which  we  have  taken  the 
notes  that  follow: 

Two  20-ton  trucks  traveling  in  the  same  direction  and 
passing  over  the  bridge  side  by  side  was  selected  as  the  max- 
imum "live"  load  for  the  design.  The  load  on  the  rear  axle 
of  each  was  taken  as  14  tons,  and  on  the  front  axle  as  6  tons. 
Beside-  th(  live"  load,  the  bridges  are  designed  for  the  dead 
weight  of  the  bridges  themselves,  and  an  impact  or  blow- 
equal  to   ;'    per  cent  of  the  live  load. 

The  situation  of  the  bridges  imposed  certain  limitations 
on  the  type  of  structures  selected.  The  abutments  for  three 
of  them.  Lockington,  Taylorsville  and  Huffman,  are  the  high 


thai  a  departure  from  conservative  designs  would  have  been 
necessary.  Such  a  departure  from  accepted  engineering 
practice  was  not  thought  advisable  in  such  vital  structures 
as  these  Therefore,  the  use  of  piers,  placed  on  top  of  the 
Bpillwaj  weirs,  and  spaced  far  enough  apart  to  give  a  wide 
clear  waterway,  was  decided  upon,  thus  reducing  the  length 
Of  girders  to  within  the  60-ft.  mark. 

All  tln>  bridges,  save  at  Englewood.  whir 
conditions,  are  built  on  vertical  parabolic  curves.  Elaborate 
features  thai  would  run  up  the  cost  were  not  added,  but 
ever]  effort  was  made  to  give  grace  and  beauty  to  the  struc- 
tures. At  Lockington  and  Huffman  but  two  spans  were 
practical.  This  forced  the  use  of  a  plain  deck  girder  bridge 
at  each  place  At  Taylorsville  the  length  of  opening  and 
number  of  conduits  underneath,  permitted  the  use  of  two 
piers  for  the  bridge.  The  simple  girders  on  the  two  end 
spans  were  cantilevered  out  to  form  the  center  span.  The 
structure  at  Germantown  is  a  simple  deck  girder  bridge.  Its 
location,  down  in  a  hollow,  did  not  call  for  special  treatment. 

The  most  suitable  fundation  for  the  Englewood  spillway 
was  a  rocky  ridge  at  the  west  end  of  the  dam,  close  to  the 
Dayton,  Covington  &  Piqua  Traction  Line,  and  the  Covington 
Pike.     By  relocating  about  1,800  ft.  of  the  traction  line  and 


Fig.  1. — View  Taken   March  3,  1922,  of  Outlet  Works  at  Taylorsville     Dam   Showing    Bridge   Over  Spillway. 


side  walls  of  the  outlet  structures,  while  the  abutments  for 
the  bridge  at  Englewood  are  the  spillway  walls  of  less 
height,  but  high  enough  to  be  a  special  problem  in  them- 
selves. The  Germantown  bridge  is  situated  unlike  any  of 
the  other  four.  The  requirements  of  flood  protection  imposed 
other  limitations.  The  spillways  are  designed  for  a  maxi- 
mum water  depth  varying  from  10  ft.  to  14  ft.  at  the  dif- 
ferent dams.  Three  feet  was  decided  upon  as  the  minimum 
distance  between  the  maximum  water  surface  and  the  bot- 
tom of  the  bridges.  Types  of  structures  giving  long  clear 
openings  to  prevent  possible  clogging  by  drift,  and  to  permit 
as  large  a  discharge  as  possible,  were  also  desirable.  Per- 
manence, safety,  good  appearance,  and  economy  in  cost  were 
also  necessary  features. 

Steel  truss  bridges  were  planned  originally,  and  the  walls 
that  would  later  be  their  abutments  were  designed  and  built 
for  that  type  of  bridge.  A  change  was  made  later  to  concrete 
as  the  bridge  material  to  be  used,  and  the  deck  girder  type 
was  seiected. 

Of  the  girder  types,  the  most  desirable  would  be  a  single 
span,  reaching  from  wall  to  wall,  and  without  piers  in  the 
waterway.  However,  the  dead  weight  of  the  girders  would 
have  been  so  great,  due  to  their  great  length  (SO  to  144  ft), 


running  it  through  a  supplementary  opening  just  west  of 
the  main  structure,  a  grade  crossing  at  the  end  of  the  spill- 
way bridge  was  eliminated.  The  elevation  of  the  highway 
above  the  top  of  the  dam,  and  the  necessity  for  clearance 
over  the  track  resulted  in  the  bridge  being  built  on  a  5  per 
cent  grade,  instead  of  the  usual  parabolic  curve.  The  close- 
ness of  the  structure  to  the  road,  and  the  grades,  necessi- 
tated a  flared  out  floor  on  the  west  end  to  make  a  good 
connection  with  the  pike.  Because  of  the  unequal  length  of 
the  spans,  the  shallow  beams  over  the  traction  line  and  the 
odd  shaped  floor,  it  was  impractical  to  use  anything  but  the 
deck  girder  type  of  bridge. 

The  spillway  at  Germantown  is  in  a  rocky  saddle  in  the 
hills,  some  distance  from  the  dam.  A  notch  has  been  cut  in 
the  rock  to  the  required  depth,  and  some  concrete  collars 
placed  across  the  notch,  making  a  very  simple  structure. 
The  bridge  spanning  it  was  not  limited  in  any  way  as  to 
length,  nor  in  length  of  pier.  Two  piers  were  used,  and 
three  parallel  girders  with  a  concrete  deck  comprise  each 
span.  The  Germantown  structure  was  designed  and  built 
before  work  was  started  on  the  other  four. 

A  different  situation  existed  at  the  other  four  dams,  espe- 
cially  at   Lockington.    Taylorsville    and   Huffman,  where   the 
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Fig.  2. — Comparison  of  the  Five   Spillway   Bridges. 

ogee  spillw.i;.  considerabli    height      After  ■'■ 

mantown  bre  Lockington  structure  was  con- 

sidered. As  mentioned   above,  the  original   Intention   was  to 

use  steel   tru  m    the   spillways,   and   th<;   note. 

in    the   Bide    walls    ol    the    outlet    structure    to    receive    the 

Lockington  spillway  well 

mbankment  had  n 

i"-   placed,  a  con- 
decided   upon.     Even   by   setting  the 
weir  upstream  as  far  as  the  UOl  I  pier  placed 

on  top  •  ould  not  be 

secured  without   shifting  bridge  down- 

stream from   the  dam.    which    was   unde 

sirablc.     It  i    thi    top 

■  ii    thru 

meet  this 
condition,  a  two  girder  brldgi 

that    similar 
ii-,   Huffman   and    Bngli 


although  at  all  thri  rs  long  enough  to 

been  ] 
top  of  the  splllwaj 

The  girders  at  Taylorsville  are  fixed  at  the  piers.    Expan- 
sion and   contraction   movement    is   provided    for   by    sliding 
plates  at  the  abutments  and  by  the  open  Joint  at  the  centi  r  ol 
The  othei  re  provided  with  sliding 

it  either  piers  or  B 

liar  in  all  of  the  briges.     As 
in  Fig.  ::  the  Boor  slab  and  curb  overhang  the  gli 

them.    Tin 
and  two  cantilever  projections  or  brackets  on  the  outside. 
The  cantih  vet  projection  and  the     h 

other,  ire,  the  slab  of  the  simple     pan  need  not 

>ng  us  won!  .  n  the  rantilever 


Fig.    3. — Cross   Section    of    Lockington    Spillway    Bridge. 


projections  were  not  used  The  simple  span  is  designed  as- 
if  the  rear  wheels  of  the  20-ton  trues  were  distributed  over 
5  ft.  9  in.  In  length,  of  the  floor  The  overhanging  cantilever 
part  of  the  floor  is  designed  as  if  the  same  load  were  dis- 
tributed over  2  ft.  in  length  ol  the  floor. 

When  the  spillway   weir  was   Ca    t,   .1    QOtCh  Or  seat   was  left 

to   receive  the  bridge  p|  notches  had   horizontal 

bearing   faces;    If  stepping    was   necessary,   it    was   done   by 

vertical    and    horizontal    Btep        The    forms    tor    the    entire 

■  ■re    erected    complete,    except    for    the    railings 

The    lootings    for    the    falsework    were    stringers    last." 

the  curved  face  of  the  well  piously  east   in  the 

weir.  The  concrete  proportion  iven  1  2:4  The  reinforcing 
was  ovoid  deformed  bats,  and  was  wired  into  position  before 

poured.  Tie-  gravel  washing  plants  that  wen 
used  in  building  the  outlet  structures  were  also  used  to  pre- 
pare   matenai      [or    the    brld( rork       The    concreti 

mixed  and  handled  in  bottom  dump  buckets.  \  steel  derrick. 
mounted  at  Taylorsville  and  Huffman  on  one  of  the  berms  of 
the   dam.    and    at    Lockington    ami    EnglewOOd,   on    the    floor   of 

I kets    mil   ol    com  rete,   and 

hoisted    them   up   to   the    bri.i.  pan,    including   the 

iii  one  continuous  pour.     The  Germantowa 

bridgi  from   the  dam,  ui  1  d  a   small 

mixer  at  end  of  the  bridge     The  forms  remained  under 

1  al t  thri  ter  pouring. 

Tie  of  thi  II   be  paved  with  a  Mt» 

acadam  material. 
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Report    of    Associated    General   Con- 
tractors  on  the  Knickerbocker 
Theater  Collapse 

At  .. 

America,  held   h   m  diately  after  the 

;  ..  Knickerbocker  Theati       .1         18    1922 

,,  presenting   engineers,   ■  and    the    public 

uthorized  to  make  an  Investigation  and  report   of  the 

matter  for  the  Association.    This  committee  was  appointed 

as  follows:     Rudolph  P.  Miller,  Consulting  Engineer,  formerly 

superintendent  of  the  Building  Department,  New  York;  James 

Baird,  George  A.   Puller   Company,   and   Guj 

Mason,  of  Mason  and  Spauling.  attorneys,  Washington,  D.  C. 

\v.  P.  Christ  Engineer  ol   thi     Associated  c.eneral 

ictors,  served   as  secretary   and   technical   assistant   to 

the  committee. 

report  of  the  committee  rendered   on   March    1  I 

tains  about  9,000  words  and  11  illustrations.     It  is  divided  into 

larts,  the  first   giving  a  more  or  less   general  statement 

of  the  case;  the  second  including  a  history  of  the  structure, 

details   of   certain   observations   and    conclusions,    ami    a    re 

sumo  of  a  half  dozen  previously  propounded   theories  of  the 

collapse,  with  comments  upon   them   and   a    pointing    out    ol 

ts  in  all  the  theories  except  that  of  the  Engineering 

Record,   which   was   substantially    in   accord    with    the 

report  of  the  committee. 

In  brief,  the  conclusion  of  the  report  is  that  the  structure 
was  full  of  defects,  no  single  one  of  which  was  necessarily 
sufficient  to  cause  collapse,  but  which  in  combination  pro- 
duced the  terrible  result.  All  of  the  fatal  defects  so  far  as 
noted  were  in  the  design;  such  defects  as  have  been  dis- 
covered in  the  construction  not  being  held  directly  contribu- 
tory to  the  collapse.  The  contractor  was  however  at  fault 
in  having  violated  the  building  code. 

This  report,  based  upon  careful  study  and  deliberation, 
is  probably  the  best  that  has  been  made  upon  the  collapse, 
and  is  worthy  of  attention  by  structural  engineers,  architects 
and  contractors. 

The  following  condensation  is  about  one  half  the  length 
of  the  entire  report,  and  is  taken  chiefly  from  the  first 
part : 

Purpose  of  Report. — From  the  facts  and  circumstances  re- 
vealed by  the  investigation,  it  has  been  the  purpose  of  the 
committee  primarily  to  derive  information  which  can  be 
utilized  in  eliminating  as  far  as  possible  such  disasters  in  the 
future. 

Causes  of  the  Collapse. — The  collapse  of  the  Kuickeri 
Theater  roof  is  attributed  by  this  committee  to  unseating 
the  north  end  of  the  main  truss,  primarily  (through  failure 
of  the  northernmost  top  gusset  plate  of  that  truss  and  the 
bottom  chord  where  it  rested  on  the  Columbia  Road  wall. 
This  half-inch  gusset  plate,  which  furnished  the  only  lateral 
stiffness  of  a  heavy  upper  chord,  buckled  to  the  west,  and 
the  lower  chord  where  it  rested  on  the  wall,  without  rein- 
forcement for  bearing  stresses  and  eccentricity  was  crushed 
and  tilted  under  a  combination  of  tension,  compression  and 
torsion,  or  twisting  stress.  This  action  culminated  from  many 
weaknesses  of  design,  the  most  vital  of  which  were  as 
follows: 

First:  The  over-stressing  of  steel  roof  members  which 
produced  excessive  downward  deflection  of  the  main  truss. 
This  over-stressing  resulted  from  (a)  using  loads  for  the 
design  which  were  greatly  exceeded  by  the  actual  load,  (b) 
from  reducing  the  height  of  the  main  truss,  as  originally 
designed,  and  (c)  from  failing  to  splice  the  top  and  bottom 
moment  plates  which  were  placed  on  the  truss  in  short 
sections,  and  did  not  butt  together. 

Second:  The  designing  of  the  main  truss  bearing  so  that 
the  center  of  stresses  fell  on  the  edge  of  the  wall,  thus 
producing  eccentricity  and  tension  in  the  bearing. 

Third:  The  failure  to  anchor  trusses  to  the  walls,  espe- 
cially over  a  short  skew  bearing  at  the  wall  support  of  the 
main  truss.  This  design  failed  to  provide  tor  the  additional 
outward  thrust  against  the  wall  which  developed,  at  such  a 
bearing  when  the  truss  is  deflected. 

Fourth:  The  failure  to  reinforce  the  bottom  chord  of  the 
main  truss  where  it  bore  on  the  wall  or  even  to  connect  the 
channels  of  tins  chord  where  they  extended  beyond  the  gusset 
plate  to  form  the  bearing.    Thus  no  adequate  provision  was 


made  in  the  bottom  daord  foi   threi     idditional  sire-,,'    acting 

and  •  !l  d  which   it   carried  as  a  inem- 

the    trUBB.     These      :i  full    load    of 

01  111    end    Of    thl  [    DJ     the    Sk>'\\ 

bearing,  and  (c)  the  tension  caused  by  the  center  of  Btri 

the  edgi    <  11     I  nter. 

Fifth:    The  omission  of  a  cover   pi  lunctlon  of 

rd  and  batter  post  of  the  main  truss,  thus  lim 
the  stiffness  ol  the  truss  to  that  of  a  hall 

at    that   point. 

sixth:  The  placing  of  a  heavj  concentrated  load  on  a 
high  and  relatively  thin  hollow  tile  wall,  neither  adequately 

nti       '  :     bond        md  further  \\  eaki  ned  bj 
opening-   and   chases. 

Seventh:  Lack  of  adequate  diagonal  of  other  bracing 
throughout  the  steel  structure  and  especially  around  the  two 
columns  carrying  roof  trusses,  thus  providing  insufficient 
rigidity  to  the  structure  as  a  whole. 

One  or  possibly  all  of  these  weaknesses  might  have  been 
present  in  the  building  without  causing  collapse — had  their 
been  distributed  to  various  parts  of  the  structure;  but 
unfortunately  it  occurred  that  these  effects  combined  and 
concentrated  at  the  north  end  of  the  main  truss.  The  cul- 
mination of  this  condition  in  a  final  collapse  is  herewith 
summarized: 

Design  Change  and  Bad  Details.— As  already  mentioned,  the 
actual  roof  load  greatly  exceeded  the  design  load;  the  main 
truss  was  reduced  about  9  inches  in  depth  from  the  original 
design,  and  its  moment  plates  were  neither  butted  together 
nor  spliced.  These  factors  all  produced  excessive  downward 
deflection  of  that  truss.  This  deflection,  acting  on  the  skew 
bearing,  created  a  thrust  at  the  Columbia  Road  wall,  which 
tended  to  push  the  wall  outwardly  and  to  twist  the  bottom 
chord  of  the  truss.  Either  of  these  movements,  occurring  in 
but  a  small  degree,  was  capable  of  unseating  the  truss,  as 
its  bearing  perpendicular  to  the  wall  was  only  6  inches  and 
that  parallel  to  the  bottom  chord  8  inches. 

To  resist  this  twisting  force  the  only  stiffness  provided 
was  that  of  a  half-inch  gusset  plate  and  of  the  bottom  chord 
in  the  first  panel.  The  batter  post  could  contribute  nothing 
as  its  rigidity  was  in  turn  limited  by  a  half-inch  gusset  at 
its  upper  end.  Thus  the  bottom  chord,  from  the  twisting 
force  alone,  was  probably  in  a  hazardous  condition.  Further- 
more, the  two  12-inch  channels  forming  this  member  extended 
beyond  the  gusset  plate  with  their  webs  unsupported,  forming 
an  eccentric  bearing.  These  webs  therefore  took  practically 
the  full  bearing  load  of  the  truss  and  tfhe  stress  from  its 
eccentric  bearing  as  well  as  the  twisting  force. 

Failure  Inevitable. — Under  such  a  combination  of  stresses 
failure  in  the  bottom  chord,  or  bearing,  was  at  some  time 
almost  inevitable.  A  condition  existed  that  would  have  been 
dangerous  with  a  thoroughly  adequate  wall,  and  when  with 
this  was  combined  a  thin  wall  badly  cut  up  by  openings,  a 
condition  must  have  existed  which  awaited  but  an  additional 
load,  a  measure  of  vibration  or  fatigue  of  the  over-stressed 
metal  to  result  in  a  collapse. 

Snow  Load  and  Vibrations. — The  additional  load  and 
probably  the  vibration  and  fatigue  were  present  when  the 
roof  gave  way.  A  snow  load  of  some  twelve  or  thirteen 
pounds  per  square  foot,  or  about  16  per  cent  of  the  dead 
load  (computed  from  precipitation  recorded  by  the  U.  S. 
Weather  Bureau  1 .  exclusive  of  possible  drifting,  and  the 
heaviest  since  completion  of  the  building,  was  on  the  roof. 
Vibration  from  passing  street  cars  had  been  noted  on  the 
structure  and  was  doubtless  accentuated  at  times  by  a  double 
eight-foot  ventilating  fan  carried  on  the  roof.  The  snow  load 
which  increased  the  dead  load  at  the  north  end  of  the  main 
truss  some  15,000  pounds  was,  so  to  speak,  the  last  straw  in 
destroying  equilibrium  at  the  support.  It  undoubtedly  pro 
vided  the  additional  stress  necessary  either  to  buckle  and 
twist  the  member  resting  on  this  bearing,  or  to  buckle  the 
gusset  plate  above.  Which  action  took  place  first  it  is  im- 
possible to  state,  but  that  both  actions  did  occur  is  shown 
by  the  distorted  steel  members  and  marks  on  the  north 
bearing. 

The  Weak  Wall.— When  the  web  of  the  east  channel  of 
the  bottom  chord  buckled,  the  top  of  that  member  (not  the 
whole  truss  1  was  twisted  eastward,  thus  unlining  the  batter 
post,  and  moving  the  center  of  stresses  off  the  bearing.  With 
the  bottom  chord  in  this  condition  only  the  lateral  stiffness 
of  the  wall  could  prevent  the  truss  from  sliding  off.  This 
stiffness  the  wall  did  not  have.    It  was  pushed  outward  about 
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5  int-i  ■  I  tc  break  Its  bond  witb  tbe  Btage  wall,  to 

break  tbe  Btage  wall  Itself,  and  to  allow  thi    trues  i<>  drop. 

Wbetber    the    upper    [  or    the    bottom    chord 

channel  failed  first  is  Immaterial,  as  either  action  would 
have  brought  about  the  other  and  would  have  thrown  the 
batter  post  out  of  line.  Once  this  member  was  displaced, 
collapse  readily  followed.  Qolining,  or  distortion,  of  the  bat- 
.  condition  U  ults  in  failure  of  even  a 

well-built  truss. 

Failure  Did  Not  Start  with  Auxiliaries.  No  failure  of  an 
auxiliary  tru  entlal  to  unseal  the  main  tru 

lure  of  a  beam,  as  they  W(  re  actually  erected,  is  be- 
lieved to  have  been  capable  of  causing  a  failure  In  tbe  aux 
iliary  truss  t-12.  in  no  member  oi  the  Bteel,  except  the 
bottom  chord  mentioned,  has  any  evii  llure  between 

and  before  falling  been  found     Collapse  through  a 
ol   preliminary  failures  Beema  highly   improbable 
in   view    of   the    difficulty    experienced    li  o    cause 

llshlng  structures 

It  Is  common  knowledge  to  men  of  experience  in  the 
wrecking  of  old  buildings  that  a  sudden  collapse  or  giving 
away  of  any  large  portion  of  the  structure  can  be  effected 
only  by  destroying  a  major  supporting  member.  The  only 
member  of  this  nature  existing  in  that  area  at  which  eye 
witnesses  say  the  failure  began  was  the  north  end  of  the 
main  truss,  and  the  suddenness  with  which  this  truss  col- 
lapsed seems  to  preclude  the  possibility  of  it  having  been 
unseated  by  the  failure  of  a  minor  member  of  the  steel 
framing. 

Responsibility.— In  the  erection  of  a  building,  particularly 
a  building  to  be  used  as  a  public  gathering  place,  all  persons 
engaged  in  designing  and  erecting  the  structure,  like  the 
operators  of  public  utilities,  are  jointly  and  severally  respon- 
sible i'  ponsibillty  is  entailed  by  the  fact 
that  their  op<  connected  with  the  public 
welfare. 

The  highest  degree  of  responsibility  undoubtedly  rests 
upon  the  archil  it   is  upon  him  that  an  owner  relies 

for  a  properly  constructed  building;  but  every  other  agency 
involved  in  the  project  has  an  individual  responsibility  for 
the  character  of  its  work.  This  individual  responsibility  may 
be  somewhat  limited  by  practical  limitations  of  service,  but, 
nevertheless,  it  is  constantly  present.  Each  agency  presum- 
ing to  render  construction  service,  from  the  contractor  to 
the  fabricator,  is  obligated  to  communicate  to  the  architect 
any  knowledge  that  may  bear  on  the  safety  of  the  structure. 
If  any  agency  finds  that,  in  its  judgment,  changes  should  be 
made  in  the  plans  to  insure  structural  safety,  it  is  the  duty  of 
that  agency  to  notify  the  architect.  The  co-operation  of  the 
local  building  authorities  should  also  be  constantly  sought. 

It  is  essential  that  a  clear  distinction  be  made  between 
design,  design  details  and  construction  before  responsibility 
can  be  determined.  For  this  reason,  a  brief  statement  of 
what  comprises  the  service  and  duty  of  each  agency  is  given 
in  the  following  sections: 

1.  Municipal  Approval  and  Inspection. — Municipal  approval 
and  inspection  are  a  service  rendered  to  the  public  to  insure 
it  that  buildings  shall  be  erected  in  conformity  with  zoning, 
occupancy,  health,  building  code  and  other  requirements  laid 
down  by  public  authority.  Its  scope  may  include,  in  some 
instances.  Investigation  into  features  of  design,  but  to  com- 
pletely check  the  design  of  each  structure  erected  would 
exceed  the  working  capacity  of  a  municipal  building  depart- 
ment. It  would  require  a  staff  of  experts  almost  equal  to 
the  combined  forces  of  private  designers  and  would  entail 
an  expense  and  duplication  of  work  too  great  for  a  municipal- 
ity to  bear.  Field  inspection  also  is  limited  by  a  like 
consideration  of  expense.  Strict  detailed  field  inspection 
would  require  an  Inspector  constantly  on  each  building,  as  a 
amount  of  work  may  be  executed  in  his  absence.  So 
j  is  has  been  an  excellence  of  service  which  tbe  build- 
ing department's  appropriation  will  not  permit.   Therefore,  to 

■  department  Is  culpable 

because  weaknesses  of  design  or  construction  are   incorpo- 

ure,  it  is  necessary  to  determine  whether  it 

was  res  onably  possible  for  him,  considering  the  magnitude 

of  his  duties,  to  detect  those  weaknesses. 

tbe  building  Inspector's  force  Is  analogous 

sponsible  for 

Infraction  of  building  regulations  in  just  bo  far  as  the  police 

•in  be  held  for  infraction  of  other  laws.    In   neither 
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QOUld    the    full    responsibility    for    the    result    of    such 
infractions  ho  shitted  to  th.    nunlians  of  public  authority. 

2.  Design    and    Supervision.-   Design    and    supervision    con- 
tinue the  Bervice  rendered   by  an  architect,  or  an  architec- 
tural   linn,    to   a    client    who    i      il w  nor.     Unless    otherwise 

agreed  between  these  two  parties,  the  former  is  obligated  to 
execute  a  safe  design;  to  supply  adequate  plans  and  specifi- 
cations for  estimating  the  cost  and  erecting  the  building,  and 
to  furnish  supervision  that  will  insure  its  erection  in  accord- 
ance with  these  instruments.  This  service  may  not  include 
die  drafting  of  detailed  winking  drawings  which  are  some- 
made  by  the  contractor  or  a  manufacturer,  but  it  does 
include  checking  and  approving  such  drawings  regardless  of 
l  miii. 

Insure  thai  the  owner's  building  shall  be  erected  as 
specified,  the  architect  should  place  on  the  work  an  inspector 
iilent.  This  supervision  serves  not  only  to  safe- 
guard the  interests  of  the  Owner,  but  also,  in  public  buildings, 
to  Insure  the  safety  of  the  public.  Even  when  the  architect 
is  confident  of  the  constructor's  skill  and  responsibility  the 
failure  to  provide  this  supervision  is  a  dangerous  practice 
which  cannot  be  too  strongU  condemned;  and  it  is  especially 
dangerous  when  adequate  detail  drawings  and  specifications 
are  lacking.  The  contractor  I  not  a  designer,  does  not  know 
the  stresses  which  determine  the  design,  and  should  have 
adequate  supervision  and  consultation  to  execute  the  work 
as  it  is  planned. 

If  any  parts  of  the  building,  built  In  accordance  with  plans 
and  specifications  as  either  drawn  or  accepted  by  the  archi- 
ve found  to  be  inadequate  or  improper,  then  he  cannot 
avoid  responsibility  for  the  condition  of  such  parts.  Neither 
can  he  disclaim  responsibility  tor  violation  of  the  plans  and 
specifications,  if  laxity  In  supervision  has  made  such  viola- 
tion possible;  though  in  the  latter  case  the  agent  of  the 
violation  should  be  held  fully  responsible  for  his  own  acts. 

In  so  far  as  any  portions  of  the  Knickerbocker  Theater, 
which  were  built  as  shown  by  the  plans  and  specifications,  are 
found  to  be  a  departure  from  the  dictates  of  safe  practice 
to  that  extent  the  design  and  supervision  are  responsible.  In 
considering  this  matter,  however,  cognizance  should  be  taken 
of  an  unusual  circumstance  involving  design  of  the  steel  roof 
members.  The  fabricator,  on  account  of  difficulty  in  securing 
certain  material,  submitted  an  alternate  design  of  his  own, 
and  this,  it  appears,  was  approved  by  the  building  department 
and  accepted  by  the  architect  upon  their  approval.  Adoption 
of  this  design  obviously  entailed  responsibility  to  the  owner 
for  its  safety,  but,  on  the  other  hand,  did  not  in  any  sense 
release  the  fabricator  from  responsibility  for  departures  from 
safe  practice. 

As  the  details  of  structural  steel  fabrication  are  practically 
standardized,  the  responsible  fabricators  may  usually  be 
relied  upon  to  execute  a  safe  design  for  any  given  conditions. 
Many  of  them  maintain  thoroughly  expert  designers  whose 
system  of  detailing  and  checking  practically  precludes  an 
error.  For  this  reason  individual  architects  have  placed  in 
them  a  degree  of  confidence.  But  the  steel  design  of  the 
Knickerbocker  contained  serious  departures  from  established 
practice,  which  are  believed  to  have  been  a  vital  factor  in  the 
collapse,  and  while  the  architect  may  be  culpable  for  not 
tag  it,  the  fabricator,  in  whom  he  relied,  cannot  escape 
his  moral  responsibility  for  these  departures.  A  tabulation 
of  items  showing  departure  from  safe  design  is  given  else- 
where in  the  report. 

3.  Construction. — Construction,  which  is  a  service  carried 
on  under  the  supervision  of  an  architect  and  performed  by 
the  general  contractor,  consists  in  furnishing  materials  and 
building  the  Btructure  a  shown  by  the  architect's  plans  and 
specifications.  It  does  not  include  design.  However,  it  may 
occur  that  a  sub-contractor  seeks  to  change  some  feature  of 
the  design  in  order  to  simplify  the  construction  or  because 
certain  materials  are  difficult  to  obtain.  In  that  event  he 
prepares  a  design,  or  sin  .  as  may  be  required  to 
show  the  alteration,  and  these  must  be  accepted  by  the 
architect  before  any  change  or  substitution  is  allowed.  In 
such  instances  the  sub-contractor  obviously  becomes  an  agent 
of  the  architect  in  supplying  a  design,  as  well  as  an  agent 
of  the  general  contractor  in  executing  the  work.  For  ultimate 
execution  of  the  work,  in  accordance  with  the  design,  the 
contractor  should  be  responsible,  but  for  the  adequacy  of 
the  alternate   design   he   should    -hare   no   responsibility. 

The  situation  here  cited  occurred  in  constructing  the 
Knickerbocker,  and  the  design  has  been  found  Inadequate,  but 
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it    .should    be   pointed   out   that    unlei      the    construction   has 
varied  trom  this  design,  or  from  oth.  ind  the  specifi- 

cations, the  contractor  should  not  be  held  responsible  except 

in   so   lav  as  he  may   have   been   .i    party    lo  an   infraction   of 
the  law. 

X,,   ,.^  ;,|,  rar   been   found    to    indicate    that    the 

building   was   not   constructed    iii   accordance   with   the   plans 
cihc.it ions,  except  that  evidence  given  at  the  coroner's 
inquest  Indicates  that  the  contractor  added       reinforced  con- 
ning through  the  full  '•  «  all  which 
I  the  main  truss,  and  strengthened  the  hollow  tile  under 
the  truss   support  with  concrete.    This,   ii    was   testified,    has 
been  done  1  •                     wall  seemed  to  the  ci  'be  of 

lnadequ  ngth   and   in    D 1    ol  \n    >x.> mi 

nation  oi  the  wreckage  indicates  thai  ih'  contractor  used 
materials  of  suitable  quality  throughout  the  const  ruction  and 
that  the  workmanship  was  of  a  kind  that  should  be  expected 
in  work  ol  'his  nature.  Several  defects  of  workmanship 
hen  found  in  the  structure,  but  they  appear  to  be  of  a  minor 
not  involved  in  the  collapse. 

In  view  of  the  evidence  obtained  by  the  inves- 

tigation, and  by  that  of  the  coroner,  no  responsibility  appears 
the  contractor  by  reason  of  the  quality  of  his 
work  or  any  non-compliance  with  the  plans  and  specifica- 
tions; but  by  conforming  to  these  instruments,  as  required 
in  his  hich  did  not  provide  for  anchoring  trusses 

to  the  walls,  he  was  made  a  party  to  infraction  of  the  building 
code     '  uuton  Code,  Which  places  responsibility 

for    observance    of    its    requirements    upon    "any    person    or 
ins,  whether  as  principal  agent  or  employe,"  it  appears 
that  violation  thereof  entails  joint  and  several  responsibility. 

4.  Ownership. — Ownership  is  charged  in  the  erection  of  a 
building,  and  especially  of  a  building  used  for  public  gather- 
ings, with  --curing  such  design  and  supervision  service  as 
will  insure  its  safety.  It  is  the  duty  of  ownership  to  insist 
upon  adequate  inspection  and  to  pay  a  fee  for  architectural 
service  sufficient  to  provide  such  inspection.  If  the  owner 
presses  his  architect  to  reduce  this  fee  below  that  com- 
monly recognized  as  necessary  to  give  adequate  inspection  he 
should  not  expect  the  building  department  to  relieve  him  of 
responsibility  for  such  action.  Should  the  owner  induce  his 
architect  to  reduce  the  cost  of  structural  design  at  the  risk 
of  endangering  its  safety,  he  jointly  with  the  architect  should 
share  responsibility  for  the  results. 

In  the  case  of  the  Knickerbocker,  the  architectural  fee,  as 
shown  by  evidence  at  the  coroner"s  inquest,  was  lower  than 
that  advised  by  representative  architects,  and  an  examination 
of  the  building  indicates  that  while  the  decorative  features 
were  elaborately  executed,  structural  features  were  inade- 
quately provided  for.  Whether  any  action  of  the  owners 
resulted  in  this  condition  has  not  been  determined,  but  if 
so.  the  ownership  should  share  the  responsibility. 

Recommendations. — Investigation  of  the  Knickerbocker 
disaster  has  forcefully  emphasized  four  factors  which  have 
vital  bearing  upon  the  failure  of  this  structure  and  which 
this  committee  believes  should  be  called  to  the  attention  of 
owners,  engineers,  architects,  contractors  and  public  officials. 

1.  Building  Approval  and  Inspection. — Under  the  present 
system  of  providing  funds  and  administering  municipal  build- 
ing departments  it  is  seldom  possible  to  fully  check  every 
design  or  to  provide  constant  inspection  of  the  work — the 
appropriation  is  too  small.  Expenses  of  the  department  are 
often  drawn  from  the  general  tax  funds,  and  thus  place  a 
burden  upon  all  taxpayers,  for  services  rendered  for  the  most 
part  to  but  a  few.  Under  this  system  the  department  does 
not  receive  sufficient  funds  to  render  the  service  desired. 

More  extensive  service  could  be  provided  if  a  charge,  de- 
pending upon  the  value  of  a  structure  and  sufficient  to  pay 
for  checking  design  and  for  inspection,  were  made  for  each 
permit.  This  would  place  the  cost  of  such  service  upon  those 
who  build,  and  would  require  from  the  general  fund  only  an 
appropriation  necessary  to  cover  clerical  and  other  general 
use  of  the  department.  The  cost  of  permits  upon  build- 
ings used  for  public  gathering  could  thus  be  made  to  provide 
whatever  degree  of  inspection  is  advisable. 

2.  Design  and  Supervision. — The  expense  of  designing, 
drafting  plans  and  supervising  the  construction  of  a  modern 
building  are  fairly  well  established,  and  the  fees  which  must 
be  charged  an  owner  to  cover  the  expense  of  this  work  and 
provide  a  reasonable  profit,  are  fixed  within  rather  narrow 
limits.  These  fees  cannot  be  substantially  reduced  without 
lowering  the  character  of  service  rendered.    They  are   gen- 


erally adhered  to  by  representative  men  of  the  profession  and 
are  recognized  as  a  reasonable  minimum   i  ' 

Some  members  of  the  profes  ion,  however,  on  account  of 
strong  competition  in  the  archi  il  Held  and  the  tendency 

or  owners  to  shop  for  professio  as  thes   would  for 

coal,  will  accept  inadequate  I  ■•  and  when  thej  do  are 
obliged  to  reduce  the  expense  of  design  and  sup 
such  an  extent  that  they  are  unable  to  furnish  adequate 
supervision  or  complete  plans,  specifications  and  details.  This 
condition  forces  the  contractor,  whose  [unction  is  not  to 
design,  to  construct  the  building  without  sufficient  drawings 
as  best  he  can.  The  safetj  ol  a  tructure  may  rest  upon 
thi  e  details  and  failure  ol  the  designer  to  provide  them 
constitutes  a  dangerous  gap  in  his  service  In  the  ease  of 
the  Knickerbocker  the  plans  and  specifications  were  not  com- 
plete, and  testimony  before  the  coroner  showed  that  the 
inspection  was  inadequate. 

In  any  building  there  are  items  of  construction  unforeseen 
by  the  designer  which  must  later  be  added,  but  when,  on  a 
structure  like  the  Knickerbocker,  costing  about  $77,000,  there 
are  more  than  fifty  such  items,  there  would  appear  to  have 
been  incompetence,  indifference,  or  both. 

The  committee  recommends  that  the  fees  of  architects  and 
engineers  be  made  sufficient  to  enable  them  to  give  com- 
petent and  complete  service.  Fees  recommended  by  the 
American  Institute  of  Architects  and  (lie  American  Institute 
of  Consulting  Engineers  are  reasonable  and  proper  and  have 
had  recognition  by  the  courts. 

3.  Standardized  Building  Code.-  .Municipal  building  codes 
throughout  the  United  States  have  generally  developed  inde- 
pendently by  a  process  of  accumulation,  until  it  is  now  prac- 
tically impossible  for  either  an  architect  or  a  contractor  to 
have  cognizance  of  all  the  provisions  in  force  in  the  various 
localities  of  his  work.  Many  of  those  codes  are  deficient  in 
vital  particulars,  to  such  an  extent  that  an  unsafe  structure 
can  be  built  without  infraction  of  the  regulations;  for  exam- 
ple, light  and  flimsy  wall  construction  which  in  the  Knicker- 
bocker Theater  was  a  weak  element  if  not  a  direct  cause  of 
the  collapse.  A  comprehensive  and  well-arranged  code  in  any 
city  would  doubtless  tend  to  reduce  the  possibility  of  disaster. 

4.  Registration  of  Architects,  Engineers  and  Contractors.— 
Licensing  of  architects  and  engineers  before  they  are  per- 
mitted to  practice  has  been  advocated  by  various  groups 
within  these  professions  for  some  time,  but  the  effectiveness 
of  this  requirement  in  preventing  disasters  seems  question- 
able. Such  a  measure  might  merely  limit  the  number  of 
persons  engaged  in  these  professions. 

What  is  needed  is  a  method  of  fixing  a  greater  responsibility 
for  safe  and  legal  work.  The  committee  believes  that  this 
can  be  accomplished  by  requiring  designers,  and  constructors 
as  well,  in  all  branches  of  building  work,  to  seek  registration 
with  the  building  authorities  before  permits  are  issued  to 
them.  Such  registration  should  be  withheld  if  the  applicant 
is  unable  to  show  his  competency,  responsibility  and  willing- 
ness to  comply  with  legal  requirements.  In  accepting  the 
permit  the  registrant  would  further  assume  responsibility  for 
the  safety  and  adequacy  of  his  design  and  for  its  execution 
in  accordance  with  the  conditions  of  the  permit. 

While  the  registration  fee  might  be  nominal,  the  penalty 
attached  to  violations  of  the  permit  should  be  sufficiently 
exacting  to  make  the  provisions  effective.  Cancellation  of 
the  permit  and  loss  of  the  right  to  operate  for  a  given  period 
would  doubtless  prove  effective.  Registration  of  this  kind 
would  tend  to  restrict  the  planning  and  erection  of  building 
to  those  who  are  competent  and  responsible — a  result  that  is 
greatly  to  be  desired. 

This  committee  recommends  that  engineers,  architects, 
contractors  and  public  officials  be  urged  to  advocate  applica- 
tion of  these  recommendations,  and.  if  necessary,  the  adoption 
by  proper  legislative  bodies  of  laws  putting  them  into  effect. 

Some  Details. — The  curved  wall,  which  is  the  only  one 
concerned  in  the  roof  failure,  varied  from  13  to  22  inches  in 
thickness,  but  the  main  body  of  it  was  18  inches  thick,  and 
composed  of  two  thicknesses  of  8-inch  hollow  tile  with  a 
space  of  about  two  inches  between.  On  the  street  side  of 
the  wall  was  a  facing  of  brick,  stone  or  stucco  approximately 
four  inches  thick,  which  under  the  Washington  Code  could 
not  be  considered  as  an  integral  part  of  the  wall.  The  average 
height  is  slightly  over  40  feet  above  the  sidewalk. 

The  Columbia  Road  wall  was  found  five  inches  out  of 
plumb  at  the  main  bearing,  shattered  at  the  southwest  corner 
where  an  auxiliary  truss  rested  upon  it.  and  cracked  practi- 
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height   in  three  other  pi 
In  ill"  brick  and  stone  ta<  bag  and  u  has  d 
lined  whether  the]    i  i  through  the  tile. 

..il  pulled  away  from  the  Btage  wall  about  two  Inches 
at  the  top  and  pulled  that  wall  apart,  about  halfwaj  between 
ad  the  Columbia  Road  wall. 
The  Columbia  Road  wall  of  i  ii « -  structure  was  not  a  safe 
wall  for  the  heavj  ed  load  placed  upon  it.     it  was 

approximately  40  feel  high,  is  Inches  thick  and  Dot  Inti 

Ah.mt   46  per  cent   of  its  length   was  occupied   by 
openn  lirirk   wall  of  this   luiuht   and   length 

would  bare  required  a  minimum  thickness  of  at   lea 
good  p 
A  skow  bearing  was  used  on  tins  wall  to  cany  the 

i    load    of    the    main    truss    and    DO    provlsio 

anchoi  tde,    Such  a  bearing   should   have 

eration  in  its  design  to  guard  against  the  tendency   to 

i  ho   actual    bi  ace    was   only    six 

wide  normal  to  the  wall,  and  only  a  small  movement 
of  the  wall  or  mi'--;  was  necessar]   '.'  cause  unseating.    The 
omission  of  anchorage  was  an  Infraction  of  the  Wash 
Build 

thi         .  i   .  honi  and  batte 
at  the  north  end  of  the  main  tl  on   the  edge  of  the 

wall  bearing,  giving  about  four  inch  utrlcity.    This 

:   additional   stress   in   the   chord   which   was   not    pro- 
vided for. 

I  h"   roof  slab  was  too  thin   tor   the   load   and    length   of 
span   used,   and   while  not  a   pi  tor   in   the  collapse, 

parture  from  good  practice  and  callable  of 
producing  a  local  failure. 

sheet  shows  no  provision  made  for  the 
load  or  vibration  of  the  double  eight  foot  ventilating  fan 
carried  on  the  roof. 

ih  ■    actual    dead    load    of   the    roof    as    designed    and 
ICted    was   about   01  n    the   load    which 

rs  to  have  been  used  in  computing  stresses.    This  added 
^    to    tlio   defli  the    main    truss    which    was    an 

important  factor  in  the  collapse. 

Building  Code  Situation  in  United   States 

•  sting  figures  on  the  building  code  solution  in 
States  were  given   by   Dudley   R.   Holtman,  Con- 
National  Lumber  .Manufacturers'  Associa- 
.  ddress  April  5  at   the  National  Construction  Con- 
Mr    Holtman  stated: 
I  I7s  cities  in  this  country  with  a  population  of 
or  more.     Our  Information  ind  it   only  410,  or 

have   a    building   law.   and    in    all   probability  20 
or  mo;.  eluded   as  a   part  of  the  original 

city     (barter      Otl  claiming    codes   have  what  is 

tion        pei    Eying    the   area    known   as 
the  "fire  limits."     In   the   majority   of  cases,  where  fire   limit 
only  prevail,   the  ordinance   merely   specifies  the 
area   included  within  such  limits  and  requires  that  the  build- 
rected  therein  shall  have  Incombustible  walls  and  roofs. 
I  hey    make   no  re 

building  nothin      ibout   maximum  areas  between 

fire    walls    nor    do    they    mention    the    character    of    interior 
ictlon.     Any   kind  ap   interior   may   be  con- 

structed, and  it  may  cover  any  area  as  long  as  tie    exterior 
walls  are  masonry  wall  ik    incombus- 

tible.     In    all   probability    these    kinds   of   laws   are    the   only 

The  Ith  a   population  of  over  $25,000  and 

only   L'L'::,  fir   SO   per  cent,   ol    I  give   evidence  of 

a  building  code.     Thirteen  of  these  cities  have  codes 

with  ;  officer,  while  _•::  cities  bavi    no  code  what- 

a  building  inspc  . 

Of  the  4r,0  cities  with  a   population  of  from   .?  1  ■ 

116,  or  26  per  cent,  have  ■<  building  law.  and  26  of 
■    ii     <  if  tie-  total  cct  ~::\i  ell  1< 
with  a  population  ranging  I"'  000    only  Bl, 

•  cent,  have  building  lav  cities  have 

no  means  of  enforcing  the  law. 

A    number   of   thi  haw    no    ■ 

available  for  the  us ■■  of  the  public  ■< 
and    re- 
in  the   minutes   of   the   council    meetings       A    man   who 
a    building,   or   who    has    |  const    action 

Hiding  In  hand,  must   delve   through  musty   record     to 
ine  what  regular  '  to  comply  with 


Design    Features    of    Concrete    Arch 
Bridge   at    Winnipeg 

The    recently    completed    concrete    arch    bridge    over    the 
ad   St..  Winnipeg,  Canada    pro 
He  bel  ween 

Tin-  dei  k,  i  of  a  roadway  60  ft. 

wide    and    tWO    sidewalks    each     7    11      wale,    provides    l"i     loin 

cular  traffic,  Including  street  cars,  with  a  max! 

mum  grade  ol  U  per  cent.  While  tin 
the  standard  barrel  arch  i  last  ol  i  0 
object  irtioning   ol 

avolved 

in   ibis    proportioning  are   of  considerable   interest.     An  in- 

■  ular  feature)   Is  >--i\ en  by  Mr 

.1.   F.  Greene,  consulting  :.i    issue  of  The 

Canadian  Engineer,  from  whi.li  the  matter  following  is  I 

minal  ion    ol    the    numbc  i    ol     -  pan:-    « as    not 
left    io    lie-  v\  bile    comparative    estimate 

slightly  cheapei 
two    pan    structure,    and 
would  demand  three  spans  rather  than  two,  tin-  Deparl 
of  Public  Works  objected  i"  ol  tin-  south  piei 

in  the  navigation  channel  ami  Intimated  that  only  a  two 
span    bridge    would    be  elevation    - 

crown  of  He-  Bouth  span  v.:  ."-'i  .'-  ,i  result  ol  the  clear 
ance  set   by  the  go       on  henci 

iii      curves    for    the    arches    had    been    approximately 

liable     idle     to     Illal  ■ 

liminai  ,  ,  rtain  how   to  in.ii  most   eff(  ■ 

the   abutments,   piers,   spandrel    wall,   and    appro.; 

Aesthetic   Considerations.     A    concrete    bridge   presents   all 

expo  ill   mono! These 

faces    in    turn,    die rities,    due    to    the- 

method    of   constru  structures;    each    lift,    or 

day's   run   of  concrete   is   distinctly    outlined    in   any   exposed 
surface;    board  marks    have-   distinctive   entitl 

differ'  i  ii  gray,  9ome  dark,  sc ■  light,  d 

to  the  absorption  capacities  ol    h     several  boards;  air. 
ing  of  forms,  no    mattei  ht,    results    In 

waves;    occasionally    reel-    pock  U    appear    much    mu 
covered    by    disappointing  All    such    appeal 

are  in  i  ileas  ing   to   the  ej  e.     it    is  in 

cumbent  upon  the  designers  so  to  proportion  the  major  mem- 
bers of  the  structure  a  -tiified. 
while  at  the  same  time  so  to  accentuate  th<  minor  mem- 
bers by  the  use  of  pilasters,  inserts  ai  is  to  with- 
draw the  attention  from  the  essential  di  increte 
surfaces. 

It  has   been   assumed  tic    that    the    dimes 

and  proportions  of  the  several  parts  should  be  indicative  of 
the  service  which  each  part  contributes  to  the  stability  ol 
tie-  whole.  The  abutment  marl  Ing  clearly  the  river  banks 
and  the  limits  of  the  ai  b  pans,  should  appeal  to  the  ob- 
server  as   of  sufficient    mas-   to   withstand  tin 

horizontal   thrust   h  The   pier, 

while    of    sufficient   mass    to   carry    the    vertical    loads    trans- 
i  from  the  arches,  should  present  fines  so  proportioned 
offer  the  least  obstruction  to  the  passage  "i   Ice  and 
water. 

How   the    Illusion    of    Height     iVas    Produced.-  With    these 
limitations  and  axioms   in   mind,   preliminary   sketches  wen 

made.  In  one-  Sketch  an  exce  3ive  use  of  horizontal  lines 
and    in    another    an    equally     excessive  I    line-s. 

the  basis  of  the  proper  treatment  lor  this  struc- 
ture, i  re  outlined  appeared  to  be  squatty,  this 
quality  beini  ol  horizontal 
lines  and  i  itly  ■  bj  the  appi  arance  ol  a  rl  Ii  a! 
lines      Proceeding   from  the  assumption  that  th 

lacked  depth,  abutments  and  piers  wen-.  Increased  in  height 
to    a    level    above    that    Ol    the    handrails;    tl 

roo\  es.    ami    even    the    form 
were    placed    vertically    to    further    the    llluslc 
depth     The    pandrel  wall  Burfa  a  up  bj   pilai 

ic  is  which  in  turn  wei e  exaggi 

ie>  accentuati  .  contributing  thereby  to 

pth   illusion. 
To  conceal   the   results   •  ►  r  yielding    forms  and  outlli 
each  day's  run.  grooves  were   left    iii   the  concrete  at   rngu 
lar  intervals,   both    In   the  swchei    and    in   the   walls;    with 
each  daj      run  ending  in  s  groove,  the  tine  rt  tl 
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led    and    in    additii  ... 

shadow  lines  which  tended  to  relievi  the  monotony  of  the 
large  Bat  gray  sun  - 

In    proportioning    the    exposed    portions    of    the    sidewalk 
slabs  ami  brackets,  it  was  expedient  the  structural 

requirements  of  the  design,  lest  the  parts  Bhould  appear  too 
•  ibility.     By   breaking    the   sloping  side   faces   of 
brackets    into   several    vertical    faces     an  breadth 

and   Strength    was   produced    and    lie     in  pression   which   would 
have    resulted    from    the    monotonous    succession    of    plain 
ts  altered  to  a  definite  and  pleasing  one. 
Aesthetic    Treatment    of    Deck. — This    completes    the    con- 
sideration  of  the    proportioning  of  these   p;  struc- 
ture, which  should  appear  to  observers  standing  either  up- 
or  downstream   from  the  bridge.     The  treatment   of 
the  deck  of  the  bridge  presented  a   separate  and  a  diffi 
problem,     smooth,  easy  approaches   I                   cting  streets 
with   the  least    possible   grades   attainable    were   desiderata. 

The  elimination,  or  failing  this,  the  subordination  of  all 
trolley  and  light  poles  on  tin-  deck  of  the  bridge,  was  adopted 
as  a  polio}    which  should  be  pressed   I 

handrail,    the    outstanding    portion    of    tl 
visible    from    tin     deck,    remains.      Sue.     the   observer   views 
the  handrail,  not   from   a  distance,  as  he  views  the  arches, 
piers,  and  abutments,  but  at  close  range,   the  appeal   to  the 
imagination    lies    not    so    much    in    tie     i  the 

grouping  of  the  parts   into  a  well   balanced   whole,  as   in    the 

parts    themsel*  es,    the    inti  . 
fabric  and  the  quality  of  the  texture.      Hence   it    is  essential 


departure  from   Btai 

dations    tor   these   walls    wer< 

than    20    ft.    of   excavation,    and    bondi  rock.      This 

unusual   treatment    was   clue    \,, 

site,  .lust  east  of  the  north  end  of  the  bridge  the  Cornish 
baths  hail  given  evidence  of  a  strong  tendency  to  move  to- 
ward the  liver,  and  a  few  bundled  feet  west  of  the  bridge, 
!  apartment  blocks  had  actually  moved  and  tilted; 
one  seel  of  these  blocks  had  been  condemned  and 

demolished.     The  evidence  that    the  bank  was  not 

stable    and    that    structures   resting    on    this    hank    would    be 
hence  the  reason  for  the  unusual  founda- 
tions for  these  approach  walls. 

Assumed  Loadings.  Each  arch  was  designed  for  a  maxi- 
mum live  load  of  four  50-ton  cars  with  an  additional  impact 
allowance  of  20  per  cent.  The  arches  have  been  so  pro- 
portioned that  under  all  conditions  of  loading  the  line  of 
resistance  lies  within  the  middle  third,  resulting  in  a  max- 
imum compression  of  453  lb.  per  square  inch.  The  maxi- 
mum for  combined  live  load,  dead  load,  rib  shortening,  and 
a  temperature  drop  of  60°  is  652  lb.  per  square  inch  and 
for  a  i  drop  of  G0°  the  maximum  combined  stress 

is  750  lb  per  square  inch  for  tensile  stres  es  due  to  rib 
shortening  and  temperature,  steel  reinforcement  has  been 
provided.  Details  of  the  arch  ribs  am!  spandrel  walls  are 
shown    in    Fig.    -.      In    general,    1-in.    rods    were   lapped    .". 

splices  and  %  in  rods  were  lapped  4  ft. 

The    structure   rests   upon     solid     rock      fomid.it  ion-       Tie 
designed   with   the    line   of   resistance   within 


Fig.    1. — Reinforced    Concrete   Arch    Bridge    Over   Assiniboine    River    at    Maryland    St.,    Winnipeg,    Canada. 


that  special  methods  of  handling  the  concrete  should  be 
adopted  so  that  the  surface  irregularities  of  commercial 
concrete,  such  as  air  holes,  water  holes,  and  form  marks, 
would  be  eliminated.  This  may  be  accomplished  in  various 
ways,  either  by  the  dry  process,  or  with  sand  moulds,  or 
by  scrubbing  the  surface  of  green  concrete  with  steel  brushes 
to  expose  a  specially  prepared  color  aggregate.  On  the  Mary- 
land bridge  the  third  method  was  adopted;  the  colored  aggre- 
gate consisting  of  red  granite,  crushed  to  pass  a  %-in.  screen, 
was  exposed  by  scrubbing  with  steel  brushes  and  cleaned 
by  several  washings  of  muriatic  acid  and  water. 

The  illumination  has  been  provided  through  the  medium 
of  four-light  clusters,  set  on  combination  light  and  trolley 
poles,  standing  in  the  devil  strip  and  located  about  90 
it.  apart.  Each  light  is  diffused  by  wide  angle  Holophone 
Refractors  which  reduce  the  glare  materially;  and  the  lights 
have  been  set  high  enough  on  the  poles  to  eliminate  danger- 
ous shadows  from  passing  cars. 

Principal  Structural  Characteristics. — A  consideration  of 
the  structural  features  may  now  be  in  order.  The  adoption 
of  a  solid  barrel,  earth  filled  arch,  rather  than  an  open, 
spandrel,  reinforced,  concrete  deck  bridge,  rested  primarily 
upon  economic  grounds  and  secondarily  upon  structural  con- 
siderations With  an  average  fill  of  10  ft.  the  earth  fill  arch 
showed  a  saving  of  25  per  cent  under  an  open  spandrel  arch; 
on  the  approaches  the  saving  was  greater,  since  the  in- 
crease in  the  cost  of  the  deck  was  not  offset  by  reduction 
in  the  substructure  due  to  reduced  dead  loads.  Further,  the 
earth  fill  type,  exposed  only  at  the  intrados,  is  less  subject 
to  movement  and  cracking  due  to  extreme  temperature 
changes  than  the  open  spandrel  type.  In  addition  the  solid 
barrel  type  offered  greater  mass  and  at  the  same  time  less 
obstruction  to  the  passage  of  ice. 

In   the  design   of   the  approach   retaining   walls,  a   radical 


tic    middle   third   and' with    a    maximum    pressure    upon 
rock  of  9%   tons  per  square  foot.     The  rock  was  excavated 
to  a  depth  of  6  ft.  to  provide  additional  resistance  to  sliding. 
The  maximum  bearing  pressure  from  the  pier  upon  the  rock 
is  11  tons. 

The  spandrel  walls  were  designed  as  cantilevers  resting 
upon  the  arches,  the  movement  from  the  sidewalk  brackets 
being  transmitted  through  counterforts  to  the  arch  ribs.  Ex- 
pansion joints  at  the  haunches  provide  for  lateral  movement 
resulting  from  the  fall  of  the  arches  due  to  a  drop  in  tem- 
perature, and  at  the  third  points  expansion  joints  predeter- 
mine the  cracks  resulting  from  the  rise  of  the  arches  due 
to  a  rise  in  temperature.  All  joints  have  been  projected  to 
the  handrails  and  appear  to  be  working  satisfactorily:  those 
at  the  junctions  of  the  handrails  with  the  piers  and  abut- 
ments have  opened  approximately  %  in.  at  this  writing.  All 
joints  in  the  walls  and  sidewalks  have  been  sealed  by  folded 
strips  of  sheet  lead  to  prevent  the  escape  of  water  through 
the  joints  with  the  attendant  discoloration  of  the  concrete. 

Proportioning  of  Concrete. — The  engineering  department 
had  been  instructed  to  use  the  gravel  and  rock  provided  by 
the  Greater  Winnipeg  Water  District  at  a  price  of  $3.85  per 
cubic  yard  for  gravel  supplied  during  the  winter,  $3.00  per 
cubic  yard  for  gravel  furnished  during  the  summer,  and 
$4.00  per  cubic  yard  for  crushed  rock.  The  problem,  stated 
simply,  was  to  determine  the  economical  proportions  of 
cement,  sand,  rock  and  water,  combined  to  form  concrete, 
which  would  give  an  assured  compressive  stress  of  2,250 
lb.  per  square  inch  at  28  days,  i.  e.,  three  times  the  max- 
imum stress  in  the  arches.  Preliminary  investigations  dis- 
closed the  fact  that  there  were  wide  variations  in  the  physi- 
cal characteristics  of  different  samples  of  gravel  from  the 
same  pit.  Tests  of  the  gravel  showed  that  the  weights  per 
cubic  foot  varied  from  98  to  115  lb.,  and  the  percentage  of 
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per  cent 
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1H   U  i  a]   slump  test   for 

•  '1    was 
at   with   propi  llty.     The  percent- 

ages ol  to  8  i"-r  cent 

nd   the  wati 
ment  i  r  the  second 

]  05, 
thai    cylinders    of 
the  flrsl  nger  than 

cyllndi  in.    propor- 

31nce    prudence    would    dictate    thai    we 
shoul  on   upon   the   tests   of  the   weaker  of 

the  twi  di  uded  that  the  most  economical  com 

bination  from  which  we  might  expect  to  get  coie 

trength   was   1    part  of  cement  to  3  of 
gra\e,  ed    rock;    while    the   best   results    for 

the  founda;  containing  five  sacks  of  cement   to 


2V4  bn  inite  to  1  gri  to  1'-  torpedo  sand. 

Construction   Methods.-    The  construction  methods  adopted 
for  thi8  work  Involved  no  spectacular  operations.    Th 

BCrlbed   task   was   the  Construction   of   the   new   bridge   with   a 

minimum  ot  Interference  with  the  dense  traffic  over  ti 
bridge,  the  center  line  of  which  was  west  of  the  new  bridge 
with  the  floors  of  the  old  and  new  bridges  overlapping. 

The    substructure    of    |  ad    pier   were    con- 

structed as  units;  the  superstructure,  including  arches,  walls, 
Iks  and    fill,    was  q    two    parte,    the   east 

half  of  the   bridge  having   I n   completed  and  thrown  open 

for  traffic  before  the  wrecking  ot  the  steel  bridge,  and  the 
commencement  ot  construction  upon  the  west  halt  This 
plan  was  adopted  on  the  ground  of  econc 

tlons  might  be  conducted  under  this  method  with  the 
least  tnterfereni  e  » Ith  traffic, 

The  excavation  ol  the  abutments  begun  in  Dec.-nib.-i 
carried  out  with  the  usual  derrick  and  skip  or  bucket  equip- 
ment  and   Was   expensive  owing   to   the  COld    weather       In    pre 

paring  the  foundations  im  the  pier,  an  orange  peel  was 
urface  layer  ol  rocks  and  boulders;  a  line 
of  Wakefield  sheet  piling  was  driven  from  leads  suspended 
from  a  derrick  boom;  this  piling  was  hacked  by  a  puddle, 
the  combination  affording  an  adequate  water-seal  whereby 
the  water  was  kept  down  within  the  dam  with  a  single  cen- 
trifugal pump,  in  excavations  for  the  abutments  and  ap- 
walls,  sufficient  water  ssitate 

the   continuous  operation  of  pumps. 

The   concrete  plant  for  the  foundations   included  a   paving 
mixer  with  a  side-loading   hopper   for   which   extension   leads 
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Fig.  2. —  Details  of   Arch    Ribs  and   Spandrel   Walls  of   Maryland   St.    Bridge. 


the  yard  were  obtained   with  a   combination  of  1  of  cement 
to  4  of  gravel  to  2  of  rock.     Complete  records  of  the  proper- 
;   the  ingredients  and  of  the  concrete,  were  prepared 
and  filed  for  reference. 

Tests  of  Actual  Concrete  Used. — In  order  to  obtain  as- 
surance that  the  concrete  in  the  structure  was  of  the  quality 
anticipated  as  a  result  of  the  tests,  sample  cylinders  made 
of  the  concrete  actually  placed,  were  taken  daily  and  tested 
■  lays.  The  concrete  placed  in  the  substructure,  con- 
taining a  sacks  of  cement  per  yard,  was  very  dry,  of  a  con- 
y  BUCh  that  it  would  just  quake  under  tramping.  The 
average  of  the  tests  run  during  the  months  of  February, 
March  and  April  for  this  class  of  concrete  was  2,100  lb.  per 
square  inch,  at  2$  days.  The  concrete  in  the  approach  walls. 
containing  6  sacks  of  cement  per  yard,  was  wetter  than  the 
foundation  concrete,  but  With  only  enough  water  to  permit 
spading  and  consolidating  the  mass  in  the  thin  walls.  'The 
average  of  the  tests  for  the  class  of  concrete. placed  during 
May  and  June  was  2.300  lb.  per  Bquare  Inch.  The  concrete 
in  the  arches  containing  fi  sacks  of  cement  per  yard  was  of 
a  con-  that  it  would  not   flow,  while  at  the  same 

time  contain  l  that   it   would  quake  upon 

being  worked  up.     The  average  of  tl 
in   the  arch'  approximately   2. Sun    | 

inch.     The  Importan I  keeping  the  water  content 

of  the  nlnlmum   consistent    with    workability 

li  tion   organ- 
ization, wit) 
which  more  than  •  ase  in 

inch,  for  COI 
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the  result  of  cut 
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had  been  prepared.  In  concreting  the  pier,  this  mixer  was 
placed  on  cribbing  at  an  elevation  high  enough  to  permit 
of  dumping  direct  from  the  mixer  to  the  pier;  the  cement, 
gravel  and  rock,  placed  in  the  loading  hopper  with  wheel- 
barrows at  ground  level,  were  elevated  to  the  mixer  over 
the  extension  leads.  In  concreting  the  abutments,  the  mixer 
was  placed  on  the  ground  near  the  edge  of  the  excavation, 
the  aggregate  placed  in  the  side  loader  with  wheelbarrows, 
and  the  concrete  conveyed  through  chutes  to  place. 

The  water  and  aggregate  for  concrete  placed  during  the 
cold  weather  were  heated;  the  spaces  containing  concrete 
were  housed  and  heated  for  a  considerable  period  after  the 
placing  of  the  concrete;  every  effort  was  made  to  give  the 
concrete  the  advantage  of  being  cured  under  conditions  ap 
proaching  normal. 

\nhes  and  spandrels  were  painted  with  a  waterproof 
paint  to  increase  their  emperviousness. 

Concreting  Plant. — The  concrete  plain  for  the  superstate 
ture  consisted  of  a  bin  into  which  sand  and  rock  were  loaded 
from  a  bucket  elevator,  drawing  from  pits  Into  which  grave 
and  rock  had  been  dumped,  from  heavy  automobile  trucks 
This  plant  was  so  located  in  the  west  half  ol  the  nort 
approach  thai  it  was  possible  to  complete  all  concrete  work 
without  Interference  from  the  plant. 

The  concrete  dumped  from  the  mixer  into  side  dump 
was  drawn  to  place  over  a  light  wooden  trestle  by  a  small 
gasoline  dinky,  the  engine  lor  which  had  been  taken  from 
the  mixer,  In  placing  the  concrete  for  the  sidewalk  and 
mcrete  buggies  were  drawn  to  place  by  the 
dinky  on  Hat  cars  made  in  part  of  the  trucks  from  the  side- 
dump  cars,  The  plant  was  cheap,  eminently  satisfactory, 
and  the  result  Uenl 

conventional,  except  perhaps,  in  tin- 
method  employed  to  obtain  the  arch  curve  In  place  of  the 
standard  practice  ol  cutting  the  curves  from  the  strlngen, 
Wedgi  I   plans  were  added   to   build  up 

the   curv-    on    plain   stringers      Under   this    method    much 
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lumber  otherwise  worthless  was  used,  and  the  stringers  of 
new  stock  were  available  after  use  in  a  condition  as  good  as 
that  of  new  lumber. 

Cinders  for  the  till  were  accumulated  in  an  adjacent  vacant 
lot  during  tho  first  half  of  the  year.  These  cinders  were 
loaded  into  dump  carts  with  a  light  electric  Thew  shovel 
and  hauled  to  place  on  the  bridge. 

Construction  began  in  December,  1920;  the  east  half  of 
the  bridge  was  thrown  open  for  traffic  in  August,  the  west 
half  in  November,  and  the  street  car  traffic  commenced  on 
Dec.  1.  1921. 

The  contract  for  the  construction  was  awarded  to  the 
City  Engineer,  W.  P.  Brereton,  on  a  competitive  basis,  at  a 
price  of  $250,000,  and  the  bridge  has  been  completed  well 
within  the  contract  price.  The  project  was  carried  out  with 
A.  L.  Cavanagh  as  superintendent ;  Allan  Cotman,  chief 
draftsman,  and  J.  F.  Greene  as  consulting  engineer. 


Insulation  of  Sound  in   Building 

The  demand  for  quiet  rooms  in  hospitals,  hotels  and  office 
buildings,  the  desirability  of  insulating  music  studios  and 
other  rooms  where  disturbing  sounds  are  produced,  and  the 
necessity  for  solving  other  problems  tor  the  control  of  noise 
have  led  to  repeated  requests  from  architects  and  builders 
for  reliable  information  on  effective  methods  for  insulating 
sound.  A  valuable  bulletin  on  this  subject  has  been  published 
recently  by  the  Engineering  Experiment  Station  of  the  Uni- 
versity of  Illinois.  In  this  publication,  "Sound-Proof  Parti- 
tions," the  author.  Prof.  F.  R.  Watson  of  the  university, 
presents  the  available  information  in  a  systematic  way,  giv- 
ing the  methods  and  results  of  various  investigations  relating 
to  the  action  of  materials  on  sound,  describing  practical 
installations  of  soundproofing,  and  setting  forth  in  accord- 
ance with  existing  knowledge  recommendations  that  may  be 
applied  where  sound  insulation  is  wanted. 

Summary  of  Conclusions  and  Recommendations. — The  in- 
formation in  the  bulletin  was  drawn  from  three  sources:  the 
theory  of  the  behavior  of  sound  waves,  experimental  investi- 
gations of  the  effect  of  materials  on  sound,  and  examples 
of  sound-proof  installations.  The  details  of  this  information, 
while  drawn  from  different  sources  and  apparently  unrelated, 
co-ordinate  in  a  satisfactory  way  in  setting  forth  similar 
conclusions. 

Some  of  the  more  general  principles  and  recommendations 
in  the  bulletin  are  stated  in  the  following  paragraphs: 

Sound  may  be  transmitted  from  one  side  of  a  partition  to 
the  other  in  three  w-ays;  it  may  progress  through  continuous 
air  passages,  it  may  pass  as  an  elastic  wave  through  the 
solid  structure  of  the  partition,  or,  by  setting  the  partition 
in  vibration,  it  may  originate  sound  waves  on  the  further 
side. 

These  actions  are  quite  readily  understood  by  remembering 
that  sound  consists  of  a  series  of  compressions  and  rarefac- 
tions that  progress  rapidly  through  a  medium  without  inter- 
ruption unless  they  meet  a  new  medium  with  a  different 
elasticity  or  density.  For  instance,  sound  waves  in  air  pro- 
ceed without  hindrance  through  air  passages,  such  as  ven- 
tilation openings  in  a  partition.  If,  however,  the  passages 
are  small  in  cross-section,  as  in  the  case  of  a  porous  material, 
the  progress  is  hindered  and  a  certain  amount  of  absorption 
of  the  energy  takes  place,  due  to  the  friction  set  up  between 
the  vibrating  air  column  and  the  sides  of  the  pores. 

In  case  the  partition  is  impervious  to  air,  the  direct  prog- 
ress of  the  waves  is  interrupted.  A  thin  partition  is  set  in 
vibration  and  thus  originates  new  waves  on  the  side  opposite 
the  incident  sound.  For  a  thicker,  more  rigid  partition,  the 
vibrations  are  smaller  and  a  very  considerable  part  of  the 
energy  is  reflected.  The  transmission  in  this  case  takes  place 
by  compressional  waves  communicated  to  the  solid  material 
of  the  partition.  The  amount  of  energy  thus  transmitted  is 
usually  quite  small. 

In  view  of  these  considerations  a  sound-proof  partition 
should  be  as  rigid  and  free  from  air  passages  as  possible. 
For  effective  soundproofing  of  a  group  of  rooms,  the  partitions, 
floors  and  ceilings  between  adjacent  rooms  should  be  made 
continuous  and  rigid.  Any  necessary  openings  for  pipes, 
ventilators,  doors  and  windows  should  be  placed  in  outside 
or  corridor  walls  where  a  leakage  of  sound  will  be  less 
objectionable. 

In  case  the  sound  is  generated  in  the  building  structure,  as 
the  vibrations  set  up  by  a  motor  fastened  to  the  floor,  the 


compressional  waves  proceed  through  the  continuity  of  solid 
materials.  In  order  to  stop  them,  it  is  necessary  to  make  a 
break  in  the  structure  so  as  to  interpose  a  new  medium 
differing  in  elasticity  and  density.  For  instance,  the  vibra- 
tions of  a  motor  may  be  minimized  by  placing  a  layer  of 
halrfelt,  or  similar  air-filled  material,  between  the  supporting 
base  anil  floor,  Where  the  machine  is  quite  heavy,  footings 
may  be  made  of  alternate  layers  of  asbestos,  lead  and  leather. 
Bolting  through  this  material  will  reduce  the  insulation, 
because  the  vibrations  in  this  case  will  pass  easily  through 
the  bolts  to  the  floor.  The  insulation  should  thus  be  left 
without  any  bridging  over  of  the  discontinuities.  Air  gaps 
in  masonry  will  be  effective  if  the  air  space  is  not  bridged 
over  at  any  point.  A  floor  floated  on  sand,  sawdust,  or  hair- 
felt  would  approximate  this  condtion.  The  edges  of  the  floor 
should  be  insulated  from  the  walls  by  felt  or  similar  material. 

Especial  attention  should  be  paid  to  the  ventilation  system. 
All  effective  sound-proof  constructions  either  omit  entirely 
a  ventilation  system  or  else  construct  it  in  some  special 
manner  to  avoid  transmission  of  sound.  In  some  buildings 
air  is  supplied  and  withdrawn  from  rooms  by  individual  pipes 
that  are  small  in  diameter  and  extend  without  Break  from  the 
air  supply  chamber  to  the  rooms.  This  results  in  consider- 
able friction  between  the  walls  of  the  pipes  and  the  air,  with 
a  resultant  weakening  of  the  sound  waves.  Without  some 
efficient  control  of  the  transference  of  sound  through  the 
ventilation  system  it  is  a  waste  of  effort  to  construct  sound- 
proof walls,  double  doors,  and  other  contrivances  for 
insulation. 

When  soundproofing  a  building  all  details  should  be  con- 
sidered with  respect  to  the  likelihood  of  transmission  of 
sound.  Each  room,  as  far  as  possible,  should  be  made  an 
insulated  unit  by  means  of  air  spaces  or  air-filled  materials 
that  separate  it  from  surrounding  walls.  Pipes  and  ventila- 
tors should  be  so  installed  as  to  minimize  the  chance  of 
transfer  of  sound.  Patent  doors  are  now  available  that  will 
close  the  door  space  at  top,  sides  and  bottom.  In  case  a 
troublesome  sound  is  generated  in  the  room,  it  may  be  min- 
imized by  installing  absorbing  material  on  the  walls. 

The  absorption  of  sound  is  an  essential  feature  for  sound- 
proofing. Reflecting  sound  and  scattering  it  still  leaves  it 
with  energy.  It  must  be  absorbed;  that  is,  converted  into 
heat  energy  by  friction,  before  it  is  eliminated  as  sound. 
This  means  that  carpets,  furniture,  draperies,  etc.,  sould  be 
present,  or  if  greater  absorption  is  desired,  hairfelt  or  sim- 
ilar materials  must  be  installed. 

The  insulation  of  sound  is  a  complex  problem  and  a  suc- 
cessful solution  is  obtained  only  when  all  the  possibilities 
of  transfer  of  sound  are  anticipated  and  guarded  against. 
While  many  things  may  be  learned  from  further  experience 
and  much  may  be  gained  from  additional  theory,  enough  has 
been  revealed  to  give  encouragement  to  the  belief  that  sound- 
proofing may  be  prescribed  in  the  future  with  some  of  the 
certainty  that  now  attends  the  acoustic  design  of  auditoriums. 


Corrosion  of  Chromium  Steels. — It  appears  from  the  series 
of  tests  which  the  U.  S.  Bureau  of  Standards  has  carried 
out  upon  the  corrosion  of  chromium  steel  that  the  behavior 
of  the  material  when  subjected  to  the  acid  test  is  not  a  sure 
criterion  of  its  resistance  to  atmospheric  corrosion.  Of  all 
the  alloys  examined,  a  high  nickel-chromium  steel,  invar, 
pure  iron,  and  medium  carbon  steel  (very  slowly  cooled  from 
a  high  temperature)  were  the  most  resistant  to  hydrochloric 
acid  as  measured  by  the  loss  of  weight  per  unit  area  per  day. 
High  chromium  steels  (for  example,  13.70  per  cent  Cr.,  0.29 
per  cent  C.)  were  found  to  be  attacked  by  acid  very  much 
more  readily.  However,  when  the  same  specimens  were  sub- 
jected to  a  weathering  test,  consisting  of  a  partial  immersion 
in  water  and  exposure  to  the  air,  the  order  of  resistance  was 
almost  completely  reversed.  The  high-chromium  steels  were 
the  ones  to  withstand  the  treatment  best,  the  low-chromium 
ones  and  the  pure  iron  showing  rust  spots  early  in  the  test. 
The  combination  of  both  nickel  and  chromium  appear  to 
make  the  steel  resistant  to  both  acid  and  weather  attack.  In 
general,  the  steels  which  were  quenched  were  found  to  resist 
corrosion  better  than  the  same  material  in  the  annealed 
state,  but  the  differences  found  were  much  less  than  the 
differences  resulting  from  composition  changes,  thus  indi- 
cating that  composition  rather  than  treatment  should  receive 
primary  consideration.  Additional  results  will  not  be  ready 
for  some  time. 


(81) 


Engineering   and    Contrai  April    26,    1922. 


Chuting   vs.   Wheeling   in    Placing 
Concrete 


Factors  Affecting  Selection  of  Method,  Out- 
lined in  Committee  Report  Feb.  15, 
Befoie  Convention   American 
Concrete   Institute 
probli  m   tai  ing  ..  contrai  tor  In  his  decision 

as   In   what    Kind   of   plant   tn   U86   mi  te   Btruc- 

il  the  in.  ans  ol  placing  concrete  bj   means 
of  wheeling  or  chuting.    This  decision   once   properlj    made, 
the  other  details  of   plain   layout   such   as   locat ion   of   plant 
or  arrangements    tor   receiving   mati  rials,   maj    be   pi 
mined  by  similar  method  of  analysis  tor  either  case. 
Th(  -  "i  wheeling  is  limited  chiefly  by  the  dis- 

which  it  may  be  necessary   to  wheel  from  the  mixing 
plant. 
Starting  with  th<  I   tor  placing  concrete  in  front 

mixer,  the   labor  cost   pei    cubic  yard  will  rise  with 
each  addition  to  the  haul. 

Types  of  Chuting  Plants— Chuting  plants  are  of  two  gen- 
eral type.  usually  ol  aboul 
radius,  is  hung  from  the  hoist  tower  by  means  of  a  sus- 
pended boom  and  counterweight  chute  in  the  older  or 
"line  chute"  method  the  chutes  are  suspended  from  a 
run  between  towers  or  between  towers  and  anchoi 
The  plant  investment  and  installation  cost,  however,  will 
vary  with  the  distance  to  be  spanned,  for  since  the  slope  of 
the  chutes  with  reference  to  the  horizontal  cannot  be  reduced 
below  a  certain  fixed  angle  it  follows  that  for  long  reaches 
there  must  be  added  to  the  cost  of  the  extra  length  of  chute 
a  charge  for  the  em  responding  increase  in  the  height  of  the 
tower. 

Among  other  factors  affecting  the  choice  between  the  two 
methods  of  placing  may  be  mentioned  the  character  of  the 
building;  the  cost  of  freight  and  repairs,  the  interest  on 
Investment  anil  the  kind  of  equipment  which  is  available, 
as  well  as  the  amount  of  experience  which  local  labor  has 
had  in  concrete  construction. 

Chutes  do  not  lend  themselves  as  readily  to  all  types  of 
buildings,  and  it  is  here  principally  that  the  study  is  neces- 
sary. A  nearly  sq  cture  is  obviously  best  adapted 
for  the  100  ft.  radius  type.  The  building  should  preferably 
high  yardage  or  a  number  of  stories,  although  "H" 
or  irregular  shaped  buildings  which  may  be  enclosed  in  an 
approximate  square  can  usually  be  handled  as  advantage- 
ously. Long  narrow  sp  or  two  stories  high  with 
low  yardages  are  nol  adapted  for  this  method  of  placing. 
With  the  si  building,  but  with  greater  yardage 
and  more  doors,  one  Urn  ft.  radius  plant  may  be  used  to  pour 
ng  i  y  chuting  to  a  floor  hopper  out  100 
ft  off  the  wheel  required  to  reach  the  rest  of  the  building. 
Two  Independent  1""  ft.  radius  plants  may  be  used,  or  one 
mixing  plant  mounted  on  both  towers. 

Deciding    Type    of    Plant. — The    first    step    is    to    find    out 
■  r  the  job  Is  one  to  which  chutes  will  lend  themselves 
without  forcing.     If  by  a  general  inspection  of  the  conditions 
-u(h  is  found  to  be  the  case,  it  is  then  proper  to  outline  a 
plant  i  ii  method  of  placing  and  make  an  analysis 

of  the  advantages  and  disadvanatges  of  each. 

next   sti-p  in   the  decision  as  to  which  type  of  plant 
is  economical  and  suitable  for  a  certain  piece  of  work  is  to 

0  that 
owes!  ultimate  cost  of  mixing  and  placing 
be  selected. 
This   ultin  ted   for  the   purpose  of 

•ins: 
ntal  nf  plan!   Involved 
2.  Installations-  labor  and  mat 
::.   M  nt— labor  and  material. 

mt — labor  and   material. 
Analysis    of    Cost    Items.     These    four    Items    will     be    ex- 
owb: 
Dtal  ol   plant,  is  arrived  at  in  Beveral  di  : 
•    i  ontractoi  iplest,    thoui 

leal    to    the   job,   is    to    purchase     uitable 
plant  •  nning  of  the  work  and   -.  n   it   upon   the 

compli  and  the  difference   between   the   pur- 


chase and  the  Bale   price  then  charge  to  be 

made  as  rental  ol  plain.    Tins  method  of  handlln 

disadvantages  other  than  lack  :onomy    sui 

Is   the  case   In   time  of   Industrial   expansion    when   suitable 

nery    might   not    be   Immediately   available  at    tl 
ginning  of  the  work,  oi  a  depression  at  the  end  ol 

making  II  Impossil  le  ti  e  ol   the  plain   without 

a  great  sacrifice, 

The   usual    way   to   handle   tins   account    is   for  a    general 

contractor   to    maintain   a    suitable    plant    yard    ami    charge 

rental   for  the   Items   ol    plain  to   the 

The  amount  ol  ion  thi    value  of  the 

machinerj    and   the   rapidltj    ol    Iti    depreciation   and    i 

ly   from  5  per  cent   to   15   per  c<  at   per  month 

initial     value.       Motors,     ej 

maintenance,  will  not  depreciate  in  value  more  than 

cenl  a  month.     Mixers,   I  will   depreciate   10  per 

cent    per   nth  ami   c irete   carl  .   chutes  ami    like   items 

of  plan  will  depreciate  up  to   I  per  month,    other 

smaller  items,  such  as  belting,  sin...  elbarrows,  etc., 

Which  are  apt   to  be  used  up  oi  luring  the  life  of 

rage  job,  are  nol  general!}  considered  as  plant  but 
as    supplies    and    are    bought    by    the    job    and    any    salvage 

which  they  may  have  upon  the  completion  of  the 
work  is  credited  to  the  part  of  the  job  for  which  they  were 
purchased. 

re  dealers  are  depended  upon  whose  business  it  is  to 
rent   out    plant    and    where    this    practice    is    followed,    the 

•  cost  to  the  job  is  10  per  cent  per  month  of  the  value 
of    all    machinery    liini! 

The  transportation  of  the  plant  Including  freight,  trucking, 
loading  and  unloading,  both  and  to  from  the  job,  is  a  proper 
part  of  the  plant  rental 

Item  2,  cost  of  installation,  includes  all  charges  for  labor 
and   material  entering  Int  Ing  up  of  the  machinery 

at  the  beginning  of  the  work  and  includes  the  construction 
of  storage  bins,  cement  sleds,  hoist  towers,  floor  hoppers. 
run  panels  and  such  miscellaneous  items  as  really  form  a 
part  of  the  completed  plant  for  mixing  and  depositing  of 
concrete.  This  cost  of  installation  also  includes  any  addi- 
tions to  this  plant  or  changes  in  the  arrangement  of  the 
same  which  may  be  necessary  during  the  operation  of  the 
job  and  also  inclndes  the  cost  of  taking  down  the  plant  upon 
the  completion  of  the  work. 

Item  :;.  maintenance,  includes  the  cost  of  all  labor  ami 
materials  used  in  maintaining  the  plant  in  good  working 
order  such  as  repairs  In  bi  arings  and  other  worn  parts 
of  machinery,  painting  and  cleaning  at  the  termination  of 
work.  To  this  item  is  also  charged  the  cost  of  replacing 
parts  broken  during  the  life  nf  the  job. 

in  in    1.  operating  cost   -  principally  a  labor 

charge,  the  only  material  entering  Into  II  being  the  cost  ol 
fuel,  water,  lubricating  oils,  waste,  etc.,  ami  electric  power 
in  case  electricity  is  used  Instead  of  steam.  The  labor  in  this 
Item    includes    the    actual    operatives    of    the    plant    such    as 

engineers,  firemen,  hoist  runners,  mech  i  tc,  as  well  as 

the  force  of  laborers  employed   in  charging   the   mixer  with 
i.  rials   of  concrete    and    the    larger   force   of   laborers 
employed  in  moving  run  panels  or  chutes,  and  those  actually 
placing  the  concrete  in  the  forms,  whether  it  be  by  ca 
or  chutes. 

Effect  of  Labor  and  Speed  Requirements  in  Plant  Selection. 
-    s.  nous  shortage   in   the   labor   market   or   a    necessity    for 
speed   in   pi  Bte,   may  influence  the  choice 

of   plant  as  normally   selected.     The   actual    vain 
two  conditions  can  generally   )>•    determined   with   sufficient 
accuracy   so   that   a    proper    weight   may   be   given   to   theii 
infhience  in  changing  any  layout  of  plant  normally  decided 
upon 

Principal  among  the  Iti  i  to  bol  b    k  hei  ling   ami 

chuting   systems    will   be: 

Towers  and  guy- 
Mixers. 

Hoist    drums. 

Elecl  Me  in  d  bo  i'  r      ind   i 

wiring    nr    steam    pi] 

I  'mi'  I'll       C! 

Floor  hoppi  etc. 

Kun    panels    with    horsei 

in  tie    ca  e  "i  a  wheeling  Job    largi    numbers  of  carryalls 
will  be  used,  with  tb.  ii   necea  ary  run  panels  and  supporting 
clent  to  reach  1  oti    pari  nf  the  ■,■  i 
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"'  ;  of  hoist  used,  and 

the   hoist    tower   and   Boor   hoppers       II    be    built    ol   wood. 

[ze  of  the  wheeling  gangs  must    .  .    determined  tor  the 

I    sufficient    to  tal  i    inn 

than   the   average   haul,   which   will    be    halt    waj    from    the 
to  the  most  extreme  part  of  the  building.    The  eh 

Hid  placing  gang  will  remain  about   at  m  throughout   the 

job. 

in  case  a  chutlng  plant  is  decided  upon,  the  pet  ial  equipped 
,\  ill  he  as  follows: 

sieei  tower,  with  base  and   head    frame. 

Siding  frame,  with  hopper. 

Boom  and  counterweight   truss. 

Extension  chutes. 

Special  hoist  bucket 

Intermediate  hopper  or  additional  siding  frame  and  hopper. 

It  is  seldom  found  feasible  to  chute  to  all  the  remote 
of  tlie  building,  and  the  increasing  objection  on  the 
part  of  engineers  to  the  direct  placing  of  concrete  in  the 
forms  from  chutes  will  tend  to  the  use  of  floor  hoppers 
and  a  short  haul  by  carryalls,  with  the  resulting  use  of  a 
smaller  number  of  carryalls  and  floor  panels,  rather  than  the 
elimination  of  the  same. 

The  charging  and  placing  gang  will  be  about  the  same  as 
where  chutes  are  not  used.  The  actual  operators  id  the 
plant,  such  as  hoist  runners,  firemen,  etc.,  will  be  about  the 
same,  whether  the  concrete  be  transported  by  chutes  or  by 
carryalls.     The  cost  of  power,  whether  steam  or  electricity, 

i   iderahly  greater  for  the  chitting  than  for  the   win 
plant,  due  to  the  increased  hoist  necessary. 

If  due  to  special  conditions,  such  as  the  necessary  trans- 
portation of  considerable  quantities  of  concrete  long  dis- 
tances, it  is  decided  that  line  chutes  are  more  suitable;  the 
special  equipment  will  consist  of,  principally : 

Main  hoist  tower,  generally  of  steel  and  greater  height 
than  for  either  of  the  other  layouts. 

Auxiliary  towers  or  heavy  anchorages. 

tone  chutes  and  heavy  supporting  cables. 

Special  auxiliary  chutes,  with  gates,  taking  off  from  the 
line  chutes. 

Special  hoist  bucket. 

Heavy  guy  lines  and  anchorages  for  towers. 

Heavier  hoist  equipment. 

Each  Type  of  Plant. — The  summary  of  the  cost  of  each  type 
of  plant  will  shape  up  about  as  follows  when  all  items  are 
considered,  it  being  understood  that  the  specific  item  .. 
equipment  given  below  are  only  for  an  example. 

I.— PLANT. 
.  Wheeling.  Chuting. 

equipment.  Depreciation.         Equipment.  Dei 

Mixer.    1    yd 20%         .Mixer.     1     yd 

<:'1>P... 20%         .Meier,     ,.     h.p 

arum    hoist    20%         Double  drum   hoist    

'""-ft.    w i    tower-ft.    B.  180-ft.   steel    tower 

-\t.   lumber  at  $—  per  M.100%         1    additional   sliding    fi 

with  54  ft.  straight    b  u 

i per     20% 

600    ft.      ,    .i  .   50% 

3.700    ft 


20    turnbuckles 


rower    hoppers — ft.    B.    M. 

lumber  at  $ —  per  11 100% 

Run    panels    and     horses — 
ft.    B.   M.   lumber  at  $— 

per    M 20% 

!  yd.  hoist  bucket  50% 

150    ft.    "i  -in.    hoist    cable 

"t      5f)% 

iy  cable  at..  50% 

12   turnbuckles    

Wiring   or   piping    10091 

Concrete   carts   at    50%         Sliding    frame    with 

and    counterweight  truss 

plant    complete    

Blocks      and      tackle      for 

boom,     5  % 

Blocks      and      tai  kle      for 

truss     5% 

For    moving   sliding    frame 
...  „    .      ,    ,        ..  1.080   ft.    -;-in.    .  8 

A  so   includes   bins,    bulkhead  elevators, 

or  other  mechanical  eq„j,lmr.nt  formjng  part  „f  s,,t.„p 
usually  these  items  will  apply  equall;  to  whi  ellng  and 
chutmg  plants. 

Interest   on   investment  at   7% months. 

II.— INSTALLATION. 
kflUrng011  f°r  gTadin&  for  m'xer.   plus  sheeting  and 
Setting   tin  and   dismantling  motor,    mixer  and   hoist. 
t,    ...       Wheeling  Chuting 

.•iSw,    a"d       dismantling  Erecting       and       dismantling 

Making       ,,,„        ~        ,  ,  stee1    tower< 

.Matting       run       panels       and 
horses. 

E.-ection    and    dismantling    of   bins,    bulkheads,    con- 
vex ors,  etc. 

neeteutriC?a   tp,urn,linfr  anrl    steamfltting-  work   to   con- 

_.        .  HI.— MAINTENANCE. 

Wheeling  Chuting. 


I\       OPERATING 

wh.  . 

i 

Labor  mlxii  

M,n  cnai 
Men 

Men    ..n    nil-. 

■nicer. 

Firei !  any) 

Man   en    inner  hopper. 
i     '    •  hi  i  ling  en  ii  ior,  i    chutes 

Men   spreading   and   I 

e.  i    man 


Economics  of  Tenement  Housing 

Abstract  of  a  Paper  Presented  Jan.  5,  at  the  Am. 

Soc.  C.  E.  Symposium  on  "The  National 

Housing  Problem" 

By  ANDREW  .1.  THOMAS. 

Whether  one  deals  with  the  City  of  New  York,  or  anj  othei 
city,  housing  in  tenements  is  the  same. 

Owing  to  the  high  cost  of  building  in  the  last  year  or  two, 
the  writer  has  had  occasion  to  study  the  economics  of  the 
situation  more  than  in  the  past.  Fig.  I  shows  two  plans 
which  demonstrate  what  is  meant  by  economics,  hearing 
particularly  on  zoning,  light,  air  and  ventilation.  These  two 
Plans  occupy  corner  lots,  100  ft.  by  100  ft.  in  size;  thej  each 
have  rooms  of  approximately  the  same  size,  and  have  32 
rooms  to  a  floor,  therefore  they  furnish  an  unusually  good 
unit  basis  of  comparison. 

Plan  A  was  adopted  by  the  writer  before  the   World   War, 


-  Lot  Lian 

ttear  Ynrd 

Ei 

Court 
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and  it  is  possibly  the  first  of  its  kind  designed  and  carried 
out  in  a  constructed  building  in  New  York  City.  It  was 
extensively  copied  and,  therefore,  it  may  be  said  to  be  a 
type  Plan  in  New  York  City.  It  covers  7,900  sq.  ft.  of  build 
ing  area  on  the  10,000  sq.  ft.  of  the  lot,  or  79  per  cent  of 
the  site.  Plan  B,  however,  covers  only  6.200  sq.  ft.  (62  per 
cent),  or  1.700  sq.  ft.  less  than  Plan  A.  Since  both  plans 
have  the  same  number  of  rooms  and  the  same  rentable  area, 
it  is  obvious  that  the  1,700  sq.  ft.  of  excess  floor  area  in  Plan 
A  over  Plan  B,  may  be  looked  on  as  wasted  space. 

There  are  other  points  in  favor  of  Plan  B.  Its  rear  rooms 
are  lighted  by  a  court,  37  ft.  6  in.  wide,  which  width  is  re- 
garded by  the  Tenement  House  Department  of  New  York 
City  as  being  almost  a  garden.  In  fact,  it  ceases  to  be  a 
court.  Plan  A  has  courts  only  12  ft.  and  20  ft.,  approximately. 
How  much  finer  is  the  light,  air,  ventilation  and  cross-ven- 
tilation and— the  human  factor,  the  livability— in  Plan  B 
than  in  Plan  A!  Furthermore,  with  Plan  B  the  Tenement 
House  Department  has  granted  permission  tc  remove  the 
fire  escapes  from  the  street  front  of  the  building  and  tc 
place  them  in  the  court,  whereas  the  law  states  that  any 
fire  escape  with  exit  leading  to  the  street,  shall  be  placed 
on  the  street.  This  street  location  of  fire  escape  is  a  charac- 
teristic of  Plan  A.  Because  of  the  great  width  and  the 
superior  openness  of  Plan  B.  the  authorities  have  granted 
the  concession  of  placing  the  fire  escape  in  the  rear.  To  the 
writer  this  seems  a  great  advance  in  housing  planning,  be- 
cause it  takes  from  the  city  streets  the  unsightly  fire  es- 
capes which  are  an  encroachment  on  the  sidewalk  and  a 
detriment  to  real  estate  values. 

The  Building  Loan  Question. — A  peculiar  situation  with 
regard  to  Plan  B  is  that,  after  this  saving  in  planning  has 
been  made,  by  sqeezing  out  of  Plan  A  about  1,700  or  1,800 
sq.  ft.,  which  means  a  saving  of.  approximately,  $40,000  or 
$50,000,  based  on  $0.40  per  cu.  ft.  of  cost,  the  financial  inter- 
ests in  the  City  of  New  York  will  not  lend  as  much  money 
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a  B  .1-  on  Plan  A.  notwithstanding  I  ter  ei  onomy 

i'f  plan  ami   construction  of  tin'  former,  and   its   far  better 
conditions    In    respect    to    light,    air    and    Mutilation,    and   re- 
moval of  Mil'  escapes  from  the  Btreet.    rian  B  lias  the  same, 
lltl  .  "ss  rental  income,  dm 

"onis,  a  $40.'"  Ion  cost,  and 

a  much  lower  maintenance  and  depreciation  cost,  it  is  a 
much  better  business  proposition  than  Plan  A,  jrel  II  is 
penalized  on  a  loan. 

Plan  B  had  been  developed,  the  Brst   man  t.< 
into  tip'  speaker's  office  was  told  ol  thi    aew   plan  ami  what 

it  could  do  for  him.  lie  Bald,  ,,Tliat  is  all  right,  if  you  can 
show    nit'    a    saving    of    $40,000    in    a    BtTUCture    Ol    that    sorl.    1 

shall  he  very  glad  to  paj    you  $1,E or  $2,000  extra  tor  your 

plan,  hut  will  the  loaning  interests  give  me  the  same  amount 
on  that  plan  as  on  the  old  one?"    Without  consideratioi 
writer   replied.  "Certainly,   they  will." 

When  tlio  now  client  had  gone,  the  writer  began  to  realize 
that  a  building  loan  is  appraised  on  a  basis  of  the  cubical 
~  of  the  building.  The  size  of  the  mortgage  is  deter- 
mined by  taking  a  fixed  percentage  of  tin-  valuation  of  the 
building,  as  established  by  multiplying  its  cubical  contents  by 
a  unit  figure  of  building  cost  per  cubic  foot.  Take,  for 
example,  the  cubical  contents  of  the  two  buildings  repre- 
sented by  Plans  A  and  B,  for  a  building  five  stories  high.  It 
will  he  found  that  the  loan  on  Plan  B  will  he  more  than 
$20,000  less  than  on  Plan  A,  regardless  of  its  superiority  in 
economy  and  desirability.  The  financial  institutions  place 
a  premium  on  lost  motion  and  waste  space  in  a  building. 

When  the  writer  discovered  this  unfortunate  condition,  he 
Interviewed    the    heads   of   the   loaning    institutions   ami    was 
told  that  they  could  not  give  the  same  consideration  to  the 
improved   plan.     When   he   expressed   surprise   at   this,  they 
told  him  that  the  only  way  tiny  know  of  appraising  buildings 
;ln-  basis  of  full  cubical  contents. 
Without  exception.    Plan   A   represents  the  future  slum  of 
■i  ork.     That   little   court.   12   ft.   wide,   is  not  adequate. 
■  -  darkness,  odors,  dirt,  rubbish,  and  other  unsanitary 
and   inflammatory   conditions.     Its   greatest   weakness,   how- 
,-  in  the  matter  of  maintenance.     Such  a  court  is  diffi- 
cult to  keep  clean.     Tenants,   landlords   and   employees   will 
allow  dirt  and  rubbish  to  accumulate  in  the  court  or  on  the 
fire  escapes,  and,  in  the  dim  light,  inspection  is  difficult.    The 
•nee   of   the   City   and    Suburban    Homes    Co.    of    New 
York,   which   for  many  years  has   successfully  housed  about 
10,000  wage  earners  at  a  rental  lower  than  the  speculative 
tenement   builder   can    offer,    is    that    narrow   courts   are   so 
difficult  to  maintain  that  they  are  a  weakness  in  a  temement 
plan.    Whereas,  with  w  ide  courts,  as  in  Plan  B,  housekeeping 
to  the  light,  and  to  the  public  gaze,  and   fear  of 
public  opinion,  if  nothing  else,  induces  cleanliness. 

Plan  A  is  the  type  fostered  by  many  financial  interests, 
owing  to  lack  of  knowledge  of  conditions  of  tenement  housing. 
However,  the  writer  has  asked  the  New  York  Chapter  of 
merican  Institute  of  Architects  for  its  support  in  up- 
holding sound  principles  of  appraisal.  After  several  con- 
ferences the  president  of  the  chapter  appointed  a  committee 
to  discuss  the  matter  of  appraisal  with  the  loaning  institu- 
tion- of  New  York  City.  This  committee  is  now  proceeding 
with  its  work,  and  is  developing  a  model  tenement  for  X.v, 
York   City. 

Percentage    of    Lot   Occupied    by    Building.— Another    point 
D8  to  be  considered  in  this  complicated  matter  of  tene- 
ment planning.    This  is  the  percentage  of  lot  occupied  by  the 
building.     In   Xew   York  City,   the   law  allows — together  with 
restriction-  ts,   which   t lie  writer  feels  are 

too  lenient — 70   per  cent  of  the  land   to  be  occupied   on    in- 
terior |  10  per  cent  on  corner  plots.    Until  recently, 
the  part  of  in  been  to  steer  as 
law  as  possible.    Today,  however,  the  laws  and 
the    building    world    recognize    the    necessity   for   economical 
D    and     for    admitting    ligl  .|    ventilation 
mt..  tin-  building.     Opinion  dlffi                   nly  as  to  how  far 
ich  Lmpi  ■    ■  mi  i .•     <  lutside  of  Mam 
and   on   land   costing   J1.500  to   $5,000  or  more 

'  rally   conceded   that   buildings 
omlcal  when  the]  than  50  per  cent 

apart- 

Brooklyn,  which  occupy  the  end  ol 

•    along  the  avenue  and   171  ft.  along  each  street 
and    hi  Dd    4  room    apartments.     Each 


apartment   has   two  or   three   exposures,   almost    like  an   in- 
dividual  country   house,   and    overlooks,    not    a    court,    but   an 
garden        This    group    Ol    buildings    occupies    only    44 

tit  of  the  lot  area  rs  calculate  that   it 

■  an  be  rented  about  19  per  cent  cheaper  than  more  congested 
tvp.s.  like  plan  A,    The  superiority  of  th  i  group 

is  din-  both  to  the  more  ■  ■  onomica]  plan,  and  to  much  cheaper 
maintenance,     The   four  buildings  are  operated   by   a   force 
i  a  superintendent,  two  men  who  tend  the  central 

heating    plant    In    COld    Weathei    and    work    outdoors    in    warm 

weather,  and  three  women   who  do  cleaning.     The   buildings 

are  kept  clean  without  great  effort,  apparently      r.     merelj 

taking  a  few   steps  from  a   point   in   the  middle  ol   the 

one  can  inspect  every  court   and  ana  and  fire  escape  of  the 

four  buildings.    In  tin    case,   bad   aou  ekeeplng    would 

tin    view    of  the  public,  and.  consequently,   does  not  appear. 

Easy  maintenance,  in  which   the   con  the  tenants 

is    Induced    by    proper    design    rather    than    bj     irksome    an! 

expensive  personal  supervision   bj    I 

less  depreciation. 

For  the  reasons  of  maintenance,  together  with  high  cost, 
due  to  excess  space  and  to  lost  motion,  tie  apart- 

tends  to  become  slums,  it  is  to.,  costl)  and,  In  addi- 
tion, the  owner,  vainly  struggling  with  Hi  precia- 
cannot  rent  his  property  at  a  figure  high  enough  to 
allow  for  proper  maintenance  .  and  it  is  p.  degen- 
erate into  slums.  During  the  period  "i  depreciation  into  a 
slum,  the  tenement  is  apt  to  pas;  through  one  or  more  fore- 
closures.    Such  is  the  history  ..i    many   tenement  properties. 

Tenement  house  management  is  a  business  in  itself,  and 
the  reason  for  its  backwardness  is  that  heavy  depreciation 
is  laitl  to  carelessness  of  tenants,  whereas  careless  planning 
of  the  building  may  be  blamed.  One  can  deal  with  slovenly 
tenants,  but  nothing  can  be  dune  with  an  inefficient  building. 
Defective  plan  arrangement  promotes  slovenliness  in  tenants. 

As  a  result  of  a  growing  appreciation  of  the  importance 
of  these  factors  of  maintenance  and  their  relation  to  depre- 
ciation, the  difference  of  opinion  still  existing  resolves  itself 
into  the   question   of   how    far   congested    types   of  plan   are 

necessary   on   the   highest    i land,    such   as   the   crowded 

areas  of  .Manhattan  Island.  I  he  working  classes,  obviously, 
cannot  be  housed  in  high  levator"  structures,  and  the  5 
or  6-story  "walk-up"  is  their  only  salvation.  The  speaker 
has  demonstrated,  to  his  own  satisfaction,  that  the  maximum 
area  that  can  be  covered  economically  in  interior  lot 
between  50  per  cent  and  60  per  cent,  and  only  a  little  more 
than  60  per  cent  on  corner  very  small  frontages  being  dis- 
regarded in  this  con  Plan  B  covers  62  per  cent, 
and  has  the  same  number  of  rooms  of  the  same  size  as  Plan 
A.  which  covers  79  per  cent  of  the  land,  and  it  can  be  built 
for  less  money.  One  can  still  reduce  the  size  of  living  rooms 
and  bedrooms,  and  thereby  increase  the  number  of  rooms, 
but  not  many  more— and  still  keep  them  fit  for  human  habi- 
tation. Satisfactory  housing  is  impossible  as  long  as  bed- 
rooms of  the  minimum  legal  size  allowed  in  Xew  York  City 
are  permitted.  A  bedroom  7  ft.  wide,  to  accommodate  two 
persons  during  hot  weather.  <Toes  not  promote  efflcienc>  or 
happiness.  The  speaker  tei  Is  that  studies  now  being  made 
prove  that  for  those  who  can  afford  to  live  in  new  housing 
on  expensive  land,  the  mo  I  i  i  onomlcal  housing  is  in  tene- 
ments covering  from  50  to  60  per  cent  of  the  area  of  a  100  ft. 
by    100-ft.    interior    lot.    d  ■  ,,    as    many    as     12    rooms 

per  floor,  in  3,  4,  and   .'•  i o    apartments,     The   room   sizes 

are  naturally  small,  but  may  still  he  within  the  bounds  of 
decency.  Such  a  high  number  of  rooms  per  floor,  however, 
presupposes  elimination  of  excess  space  and  lost  motion, 
such   as   is   hardly   ever  this    class    of   planning. 

■  Ith   42   rooms  per   I  hem    will   fa- 

court  6  ft.  wide,  along  the  party  wall  extending  from  street 
to  rear  yard,  a  condition  which  will  give  fairly  good  ventila- 
tion, but  not  much  outlook. 


Building   Permits  in  190  Cities  Total  $262,000,000  in   March. 

Official   returne   I  nth  of  March  show  62,444  per- 

Ith  a  valuation  ol  The  returns  for  March, 

1921  eturn     were  from 

'he  Identical  cities  reporting  this  year,  ami  it  must  be  re- 

membered  that  last  ord  for  buildin 

rie    return     from    194   cltli      foi    January    this  year 
tnd  th"   February  returns  from  188  cities 
•     '  19  '■"•  i  17. 
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History  and  Characteristics  of   Con- 
tinuous Truss  Bridges* 

Ry   Gl'STAV  LINDENTHAL, 

.  '■.Hsu 

in  view  of  the  fact  that  the  Si  lo  idge  lias  the 

longest  spans  of  the  continuous  tru  id   thus  comes 

into  competition,  tor  long  spans,  particularlj  with  the  Bimple 
span  and  the  cantilever  type  it  appear  appropriate  to  re- 
\io«  briefly  its  history  and  some  of  its  characteristics  not 
generally  appreciated   bj    American  bridgi  n 

History.— The  Britannia  Bridge  in  England,  built  by  Ste- 
phenson in  1848,  marks  a  milestone  in  bi  ruction, 
not  onlj  because  it  was  the  first  important  iron  bridge  of 
the  beam  type,  but  also  because  n    >vas  the  first 

mil  unions   girder   type.      It    is    a    tubular    plate 


America  it  was  built  as  a  cantilever  ami  then  converted 
into  a  continuous  truss  for  the  live  load,  it  was  replaced 
ni    1910  by   a   simple  span   bridge. 

There  has  been  always  more  or  less  prejudice  against 
continuous  trusses,  because  cantilever  trusses  offer  the 
alleged  more  accurate  computation  of  stresses  on  purely 
statical  principles.     Xo  continuous  girder  as  far  as  known  has 

ever   tailed    in   the   trusses,    whereas   the   largest    and   most 

discreditable    bridge   failure   belongs    to   the    BUppo 

at  [lever  type. 
It  appears  now,  however  as  if  the  continuous  truss  would 
again  come  into  its  own,  for  not  only  was  it  adopted  for  the 
Sciotoville  Bridge,  but  also  for  the  bridge  of  the  Bessemer  & 
Lake  Erie  K  It.  built  in  1918  over  the  Allegheny  River  near 
Pittsburgh,  Pa.,  with  spans  of  from  272  ft.  to  520  ft.,  and 
for  the   bridge  of  the  Hudson    i:.,..  nM.    Nelson 

River,  built  in  1918,  with  spans  of  300   it.  and   400   it 


The   Ohio   Rive 

girder  bridge  of  four  spans,  two  of  which  are  230  ft.  and 
two  of  460  ft.  The  girders  were  proportioned  as  simple 
beams,  but  the  designer,  realizing  that  continuity  increased 
the  carrying  capacity,  regarded  this  feature  as  an  additional 
safety.  To  gain  more  information,  he  made  tests  with  a 
model,  and  thus  found  the  points  of  contraflexure  of  the 
elastic  line,  which  he  regarded  as  "fixed"  and  as  dividing 
the  span  into  two  "cantilevers"  and  a  "central  beam."  This 
laid  the  foundation  for  the  later  development  of  the  modern 
cantilever  bridge  by  the  introduction  of  hinges  at  the  points 
of  contraflexure. 

Too  much  credit  cannot  be  given  to  that  galaxy  of  early 
English  bridge  engineers  of  nearly  100  years  ago — Stephen- 
son, Fan-bairn,  Telford,  Tierney  Clark— for  the  originality 
and  daring  of  their  plans  and  constructions.  They  did  their 
own  thinking;  they  did  not  wait  for  precedents,  but  created 
them.  Theirs  was  the  genius  that  originates  as  distinguished 
from  routine  which  merely  imitates. 

The  Britannia  Bridge  was  followed  by  several  similar 
bridges,  among  which  may  be  mentioned  the  Torksey  Bridge, 
built  in  1849,  over  the  Trent,  with  two  spans  of  130  ft.,  and 
the  Bryne  Bridge,  built  in  1853,  with  a  central  span  of  267 
ft    ami  two  side  spans  of  141  ft.  each. 

In  the  latter  part  of  the  nineteenth  century  continuous 
truss  bridges  were  extensively  built  on  the  Continent,  prin- 
cipally in  France,  and  were  usually  of  the  lattice  truss  type 
with  parallel  chords,  with  from  three  to  five  spans.  The 
Fades  Viaduct  over  the  Sioule  River,  in  France,  built  from 
1905  to  1908,  with  a  central  span  of  472  ft,  was  the  longest 
continuous  span  previous  to  the  building  of  the  Sciotoville 
Bridge. 

The  Lachine  Bridge,  built  in  ISSS.  by  the  late  C.  Shaler 
Smith,  over  the  St.  Lawrence  River,  near  Montreal,  Que., 
Canada,  with  two  side  spans  of  269  ft.,  and  two  middle  spans 
of  408  ft.,  was,  for  29  years,  the  only  continuous  bridge  in 

•From  a  paper.  "The  Continuous  Truss  Bridse  Over  the  Ohio 
River  at  Sciotoville.  O.,  of  the  C.  &  o.  X.  Ry.."  in  the  March 

reedings  of  the  American  Society  of  Civil  Endnwrs.   pp.  409-452. 


..  Completed    in   August,   1917;   Conti 
Ft.   Spans. 


ss  Type 


Characteristics  of  Continuous  Bridges. — The  continuous 
truss  type  has  nowhere  met  with  more  indiscriminate  and 
unqualified  condemnation  than  by  engineers  in  the  United 
states,  who  have  alleged  three  principal  objections  against 
it,  none  of  which  is  novel  or  decisive: 

1st. — That  it  is  statically  indeterminate,  that  is,  its  reac- 
tions and  stresses  are  dependent  on  the  elasticity  of  its 
members; 

2d. — That  it  is  subject  to  stresses  from  unequal  settlements 
of  its  supports;  and, 

3d. — That  it  is  affected  by  temperature  changes. 

Although  these  characteristics  may  be  objectionable  in  cer- 
tain cases,  it  can  be  readily  shown  that  they  are  entirely 
unobjectionable  in  others,  and  they  will  be  briefly  discussed. 

Static  Indeterminateness. — The  argument  that  the  stress 
computations  are  complicated  can  be  readily  dismissed.  For 
preliminary  and  comparative  designs,  the  simplifying  as- 
sumption of  constant  moment  of  inertia  of  the  vertical  sec- 
tion through  the  girder  or  truss  and  the  neglect  of  the  elastic 
deformation  of  the  web  members,  furnish  sufficient  accurate 
and  quick  results.  For  the  final  design,  the  slight  additional 
time  and  labor  involved  in  the  accurate  calculation  is  of  no 
account  since  continuous  bridges  will  never  be  a  common 
type. 

The  stress  calculation,  of  course,  is  the  more  complicated 
the  greater  the  number  of  spans,  but,  for  other  reasons,  it  is 
not  advisable  to  have  more  than  three  or  four  spans  in  a 
continuous  bridge. 

The  fact  that  the  stresses  are,  to  a  certain  extent,  de- 
pendent on  the  elastic  deformation  of  the  members,  is 
characteristic  of  all  statically  indeterminate  structures,  but 
in  a  properly  designed  continuous  bridge  the  effect  of  even 
large  variations  in  the  elastic  behavior  is  insignificant  when 
compared  with  other  uncertain  stresses,  such  as  secondary 
stresses,  etc.,  which  exist  also  in  statically  determinate  struc- 
tures. 

Variation    between    the    actual    and    the   calculated    elastic 
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deformation  Brat,   to  i  "  the 

actual  modulus  ol  ''"•■  Becond, 

di  tails,  bucd  a  nd  tie- 

plates,  rivets,  etc.,  which  can  only  be  roughlj    i 
A  proportional  change  In  the  modul  Ity  or  in  the 

:i  members  due  to  allowance  for  details 
reactloi  es,  but  only  on 

ons  which  change   in   tfa  on   with  the 

moduli. 

The  effect   of  non-proportion.,  II    illustrated 

•  illations  made   foi 

[l  ;     ....  thi    parlous 

titlons  "i  a  beam  on  i  ■■  "',  and 

The  calculations  of  thi  for  the  pur- 

mining  the  necessary  Jacking  forces  at  the  tern- 
n-.  and  oi  Ing  the 

i  -i,  on  the  the  gross 

main  section  of  the  membei     without  allowance 
•ails  and,  Becond,  on  the  basis  ol  of  the 

main  section  plus  the  urea  of  a  section  equivalent  to  75  per 
weight  of  the  details.    This  additional  area,  due 
rs  Horn  5  to  25  pet 
ol  the  gross  area  of  the  main 
■i      Fur  these  two  extreme  assumptions,  certain  deflec- 
ier  cent,  whereas  the  reactions  differ 
onditions,  465 
t..  io  per  cenl  ii  pan  condition,   155  ft-466 

ir-span  condition,  155  ft  .-155  ft- 
775  ft,  11  per  cent  in  the  three-span  condition,  310  it 
;:.,  it  .  umi  I    ii  the  final  two-span  condition. 

The  large  differences  in  the  reactions  in  t  ttd  four- 

span  conditions  are  due  principally  tu  the  great   variation  in 
the  length  ot  the  spans  and  to  the  comparatively  great  height 

i   height  and 
rent   span   li  ore,   rightly  objec- 

tionable, the  more  so.  because  they  are  also  sensitive  to  set- 
ipports  and  to  tern  Dur- 

,i  condition  is  of  l  -..cause 

be   measured   and   the   bearings  promptly 
adjusted  in  height  if  necessary.     Where  the  spans  are  more 
nearly    equal,   and   the   trusses   not    unusually    high    in    corn- 
pan  length    I  the  reactions  and 
■i   a    variation   In  the  elasticity   of  the  trusses  is 
illy  insignificant. 

lution,  and  i  nj    uncertainty  ol     I 

action  >    load    at   least,   it   is   always    possible   and 

case  "i  thi   Sciotoville  Bridge,  to 
■  ml,  if   necessary,   to  adjust  the 
heiglr  .       in',  the  reactions  are  correct. 

ion  in  span  length  in  a  continu- 
ous truss  bi  thai  the  live  load  on  any  span  Will 
cause  dead  load  reactions  of  the  adjoining 
For  all  these  reasons,  continuous  trusses  over  si 
and  on  metallic  towers,  or  on  steel  arches,  should  pref- 
erably be  shallow  in  depth,  a  rule  lirst  practiced  by  French 
engineers. 

thai    the  actual   deflections   of  the 
Sciotoville    ti  observed    in    the   field,   were   nearly 

midway   between   the  values  computed   under  the  two  previ- 
ously  mentioned   assumptions:    in    other    words,    an    average 
aboul    1"  per  c.-iit  to  the  gross  areas  of  the  see- 
ls, should  be  made   when  calculating 

Effect    of    Settlements    or    Compressibility    of    Supports. — 
Where  consideral  ire  to  be 

pated,  or  where  the  supports  ar<    nigh   i 

unless   car.' 
elimination    the    effect  vels    by 

'  ings. 

ordinary  <  ompressibility 
n  be  computed  and,  if  they  are  not  unduly  large, 
or  provision  can   be  mi 

ndal  ei  tlonable  tie- 

longer  the  '  Molar  continu- 

with  equal  proportion  .  length, 

Sue,,  settle- 

ed   as   proportional  to  the  foundation 

preesu  latter  Is  about  the  same  for  long  and 

i    follOWB    that. 


in  general,  the  danger  of  excessive  stresses  due  to  settle- 
is  less  the  greater  the  span  lengths.  In  special  cases. 
it  may  he  advl  able  to  di  Ign  the  permanent  details  of  the 
truss  bearings  on  the  piers  and  abutments  so  that  they  may 
.1  or  lowered  by  hydraulic  jacks  at  any  time,  as 
needed  to  maintain  the  original 

In  the  case  of  the  Sciotoville  Bridgi  ment  of  2  in. 

in  one  of  the  end  piers,  if  it  was  possible,  or  a  settb 
of  1  in.  in  the  middle  pier,  the  others  remaining  undisturbed, 
would  change  the  reactions  by  only  0.6  per  cent.  It  is 
evident  thai  even  a  considerably  greater  settlement,  which 
would  seriously  disturb  the  vertical  alignment  of  the  track. 
would  not  objectionablj  affect  the  stress  condition  In  the 
trusses.  When  the  Kentucky  end  of  the  bridge  was  raised 
to  its  final  pa  Bf  erection   had  been  completed,  dii- 

ference    in    the   jacking    force    for   the    last    ;'.    in.    of   jacking 
was   noticeable.      This   shows    tl  ns   of   this   length 

continuous  trusses  are  unobjectionable,  even  if  the  founda- 
tions do  not  rest  on  soil  rock. 

As  already  mentioned,  the  lirst  continuous  trusses  had 
solid  v  .a  Tunnel   Bridge)  and  on  the  Continent 

small   mesh   lattice    webs.     The   secondary  In    the 

web    are   of    n i poi  t a n. ii  thi     Brsl    type    and.    in    the 

latter   type,  they   may   bl  d    rather  beneficial,   sine. 

they  contribute  to  stiffness  an 

stresses  on  the  trusses,  proven  by  the  fact  that  the  lattice 
can  bear  some  load  when  the  chords  are  cut  away,  only  the 
chord  sections  over  the  bearings  may  need  reinforcement 
against  bending.  In  some  instances,  the  continuous  small 
mesh  web  girders  over  several  spans  were  erected  on  false- 
work with  a  camber  of  1/500  to  1/300  of  the  entire  length 
of  bridge  and  then  let  down  on  the  pier  bearings,  to  pro 
in  the  trusses  initial  bending  stresses  opposite  those  from 
live  load.  Such  was  the  procedure  of  erection  of  the  con- 
tinuous truss  viaduct  of  five  spans  on  high  iron  towers 
over  the  Thur  at  Ossingen.  Switzerland,  In  writei 

was  on  the  Engineering  Stafl    tor  that  structure,  for  which 
the  statical  computations   were  considered   quit 
thai   time. 

Temperature  Effects.— Temperature  stressei  in  continuous 
trusses  may  be  caused,  first,  by  the  expansion  or  contrac- 
tion of  intermediate  supports,  particularly  high  «teel  towers, 
and,  Becond,  by  unequal  temperature  changes  in  different 
parts  of  the  trusses  themselves  (uniform  temporal  ur< 
changes  in  all  members  cause  no  stresses). 

The    first   effect   is   similar    to    that 
piers  and   is  greater,  the  higher  the   intermediate  supports 
and    the    shorter    the   spans.      In    seme    i  \i-ting    bridges,    it 
amounts  to  as  much  as  25  rom  dead 

and  live   load.     It   is.   however,    Insignificant    and   negligible 
in  the  case  of  long  spans  resting  on  shallow    piers       \-  tin 
es  can  be  calculated,  it  ■    uecessarj 

provision   in  the  sections 

The  second  effect  is  neglected,  as  a  rule,  although  in  a  case 
where  the  bottom  chords  are  protected  from  the  direct  rays 
of  the  sun  by  a  solid  Boo  I  ires  In  the  top  and 

bottom  chords  may   differ   con  tfecl   of  such 

a  difference  is  similar  to  thai  ol  a  variation  in  the  elasticity 
of  the  truss  members  and  may  be  serious  in  a  case  where 
the  lengths  of  spans  vary  considerably. 

In  the  case  of  the  Sciotoville  Bridge  an 
in    temperature    of    10°    F..    between    the    top    and    bottom 
chord  (the  effect  of  the  web  members  is  insignificant),  would 
o    the    end   reactions    by    only    1.5    per    cent,    which    is 
negligible. 

Summing  up,  one  arrives  at  the  well  established  conclusion 
that   continuous  trusses  are   generallj    unobjectionable  undei 
lowing  conditions: 
1st. — Where   the   lengths  Of  thi  do  DOt   vary  greatly. 

and   the   tru  -1    unusuallj    high  pared   with 

■  agth. 
2d. — Where   the   found  on    fairly    solid    ground. 

compressibility  of  the  soil  being  t<    3  objectionable  the  longer 
pans. 
3d—  Where  the  Intermedial  are  not  exec 

high  in  comparison   with  the  BPSD   length 

in  every  continuous  truss  there  are  a  few  members,  bucb 

tie    chords    near    the    points    ol    contraflexure,    or   web- 

members   tear   points   of  maximum   moment,   which  are  most 

the   effects   enumerated,   because   their   set 

l  by  the  dead  and  live  load  stresses,  are  compari 

tivelv     small       Such    members,    as    a    rub.,    will    require    for 
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ition  or  erection  purposes  a  s<  ■   ion  somewb 
of  that  required  i>>  the  stresses,  to  i  certain  i 

for  possible  variation,     it  is  advisa    e  always  to  inv. 
such  members  and  proportion  them      ■  thai  thej  are  strong 
enough  under  reasonably   extremi        sumptions. 

Advantages   of    Continuous   Trusses.     Again    the    disadvan- 
mentioned,  as  far  as  they  can  be  classed  as  such   in 
ise,  must  be  weighed  thi  which  the 

continuous    type     possesses    over    the        mple 
cantili 

As  regards  economy,  it  is  not  feasible  to  make  a  general 
comparison  between  the  continuous  bridge  and  the  canti- 
lever since  that  depends  largely  on  the  arrangement  of  the 
spans,  which  is  usually  governed  by  local  conditions  and  of 
ity  must  be  different  for  the  two  types,  owing  to  their 
different  character.  In  comparison  with  a  serie 
spans  of  the  same  length,  however,  the  continuous  truss 
shows  a  decided  economy  which  is  greater  the  longer  the 
spans  and.  up  to  a  certain  limit,  greater  the  number  o) 
For  long  spans,  the  saying  in  cost  may  be  as  much  a>  25 
I  ort    spans,   the   economy    over   simple   spans 

is  not  important,   but    greater  rigidity    under   passing    loads 
is  an  advantage. 

In  point  of  rigidity,  as  measured  by  the  deflections,  the 
continuous  truss  compares  favorably  with  the  simple  span 
and  shows  a  decided  ad 

flections    and   amplitude    of   vibrations    are    smaller,    and    the 
line    smoother    ami    devoid    of    local    kinks    such   as 
occurs    at    the    hinges    of    cantilevers.      Both    rigiditj     and 
economy  gain  from   the  fact  that  truss   members   subj 

stress  i  tension  and  compression)  can  lie  riveted 
members  proportioned  only  for  the  lai 

As    is   characteristic   of   all   statically    in, 
lures,  the  continuous  truss  has  the  advantage  in   thai   when 
a  member  is  seriously  weakened,  as  may  happen  in  the  case 

:lment  of  a   train  and  collision   with 
tlie   probability   of  failure  of  the   whole   bridge   is   less   than 
in   the  case  of  the   statically  determinate   simple   span   or  a 
cantilever.      This    greater    safety    is    still    more    prone 
when  the  truss  webs  consist  of  small  mesh   i 

The  continuous  bridge  presents  no  greater  difficulties  in 
>n  than  the  cantilever,  but  it  offers  the  advantage 
the  simple  span  in  that  it  can  be  erected  on  the  cantilever 
principle  without,  or  with  little,  additional  material.  This 
was  one  of  the  governing  factors  in  the  case  of  the  Sciotoville 
Bridge. 

From  the  esthetic  point  of  view  the  continuous  bridge  can 
well  compete  with   the   simple  span  or  cantilever,   if   pi 
designed,  but  not  with  the  more  artistic   arch  or   suspension 
bridge. 


The  o\  erall  d  ai  e  -•">  in.  x  >;:■  in 

high  ami  the  net  weight  is  1,100  lb.   This  hoist  is  made  bj   tie 

Silent  Hoist  Co.,  302  McDougal  street,  Brooklyn,  N.  "i . 


Worm  Drive  Hoist 

\  i  ompact,  self-contained,  worm  drive  hoist  is  illustrated. 

of  the  advantages  claimed  for  these  hoists  are:    Worm 

drive  prevents  backward  turning   (with  the  clutch  engaged) 

the    motor    stop;    a    single    reduction    by    worm    and 


Model   D-5  Hoist. 


worm-wheel  running  in  oil:  few  parts:  all  parts  enclosed  in 
a  dust-tight  and  oil-tight  housing:  the  whole  driving  mech- 
anism: a  rigid,  compact,  self-contained  unit.  The  worm  is 
of  nickle-steel — hardened,  ground  and  polished,  and  mounted 
on  tiurney  radio-thrust  ball  bearings.  The  clutch  engaging 
mechanism  is  Silent  Hoist  patent  design.  The  thrust  is 
applied  through  large  bronze  triple  square  headed  sleeves 
and  is  received  by  ball  thrust  bearings.  The  hoist  illustrated 
has  a  lifting  capacity  of  1.500  lb.  at  100  ft.  per  minute.  Its 
drum  is  15  in.  long,  S  in.  barrel  diameter,  and  has  a  capacity 
for  1.000  ft.  of  %  in.  cable.    The  engine  is  a  5  hp.  New-Way. 


Wire  Rope  Cutter 

A  single  device  for  cutting  wire  rope  is  illustrated.     The 
and  base  castings  of  this  cuttei 

rade  of  steel,  and  are  guaranteed   not  to  break.     Tin 
blade  and  lower  cutting  die  Igb  carbon 

teel,  properly  tempered  to   insure   long   111  •  and 


Burch    Wire    Rope    Cutter. 

cut  ropes.  The  stem  of  the  body  casting  is  made  to  tit  the 
hardy  hole  of  an  anvil  as  well  as  its  own  base  plate.  The 
base  plate  is  especially  useful  in  splicing  or  when  a  rope  is 
to  be  cut  out  on  the  job,  as  it  eliminates  the  mot  Lng  of  tin 
heavy  anvil.  The  lower  cutting  die  can  be  easily  and  quicklj 
replaced  if  necessary.  These  dies  have  two  cutting  edges, 
so  that  when  the  edge  on  one  side  is  dulled,  it  can  be  re- 
d.     The  device  cuts  all  grades  and  sizes  of  wire  hoisting 

haulage  ropes,  running  ropes,  oil  well   1  in- 
to 1   in.  diameter  inclusive.     This  wire  rope  cutter   is   made 
by  A.  I.eschen  &  Sons  Rope  Co.,  5907  Kennerly    i.vi  aue,  SI 

Mo. 


High  Speed  Wire  Brush  Cleaner  for  Clean- 
ing Metal  Surfaces 

The    Ingersoll-Rand    Co..    11    Broadway,    New    York,    hi 
cently   brought  out  a  high  speed  cleaner  known  as  the   No 
601   "Little  David"  wire  brush,  which  has  a  maximum 
ei    l  200  i.p.m.     This  machine  has  been  found   verj 
ful  in  operation,  effectively  cleaning  metal  sin  fines  and  also 
iron  and  steel  castings.     On  a  six  weeks  tests   this  machine 
is    stated    to    have    cleaned    steel    gondolas,    eai  li    averaging 
540    sq.    ft.    surface,   in    3%    hours       All-steel   box    cars 
averaging   1.400    sq.   ft.    surface    were   cleaned   in    7'2    hours. 
The  brush  not  only  removed  ail   the  rust  but  the  old   paint 


Little    David    Wire    Brush. 


as  well  so  that  when  repainted  the  cars  looked  practical!) 
as  if  new  sheets  had  been  applied.  The  air  motor  is  o 
'.-cylinder  type  such  as  used  in  "Little  David"  portable 
grinder  and  which  has  been  thoroughly  tested  out  in  the 
severe  service  to  which  pneumatic  grinders  are  subjected. 
The  machine  is  very  simple  in  construction,  is  well  balanced 
and  operates  without  vibration.  Lisht  weight  has  been  at- 
tained by  using  an  aluminum  casing  reinforced  with  cast-in 
steel  bushings.  The  weight  of  the  complete  machine  is  only 
14  lbs.  The  average  free  speed  at  90  lb.  air  pressure  is 
4,200  r.p.m.  Length  overall  is  17%  in.,  diameter  of  wire 
brush,  6  in. 
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Architects  Convertible   Level 
A   n. -u    convertible   architect  d  tor  l 

action   work   has   I d   bi  bj    tbe    Pitl 

Instrument  and  Macbln 10  w    ■ ie(    Plttsbui 

This  Instrument  can  !"■  used  fo  [|  lines.    The 

[d,  in.    tele- 
lange  can  b 
made  quickly  and  tbere  are  no  d 
.>r  misplaced.   Thi 


Architects'  Convertible  Level 


object  glass  i'4  In.  diameter,  spirit  level  mound  and  gradu- 
ated, dusl  cap  for  objective,  li  lias  a  tangent  sere  to 
faclliti  rosshairs  on  a  given  point.    The  hori 

zontal  circle  is  3%   in.  diameter  graduated  to  half  degrees; 
movable  for  setting  it  at  zero.    The  instrument  weighs 
about  7  lb.  and  the  tripod  about  7  lb. 


Pneumatic   Gun   for  Passing  Rivets 

A  pneumatic  gun  lor  passing  rivets  from  the  forge  to  the 
bolder  on  is  Illustrated.  The  gun  consists  of  four  parts,  a 
compressed  air  tank,  the  head,  metal  tubing  and  a  rivet 
receiver.  The  gun  and  the  forge  are  conveniently  located 
where  they  will  not  interfere  with  anybody;  the  tubing  is 
then  led  to  the  job.  As  each  rivet  is  heated  and  ready  to  be 
passed,  it  is  Bet  by  the  heater  on  a  valve  provided  in  an 
opening  contained  in  the  head  of  the  gun.  By  its  own  weight, 
ill.,  rivet  opens  this  valve  and  enters  the  machine  Auto- 
matically, the  valve  recloses  and  the  rivet  is  prepared  to  be 


Renflex    Rivet    G 


simple  press  of  a  foot  treadle.    This 

latter  operation  reb                     mpi  ilr,  which  has  been 

supplied  to  tii.-  tank.  Into  the  lit  ,i(l  speeds 

igb  ti uclo  lulling.    The  rivet 

Is  shot                                    it  ti th.-i  i  the  holder  on 

,,  the  hole  'i  he    tandard  rivet 

t  126  is  Btated,  it 

■       ip  or  down 

Hon.  one  of  these  guns  is  stated  to 

31   ft    in  Dine  and  a  ft        Ithout 

'     I  inge  In  temporal 

known   as   tl  ,:'!"      II    I 

Metallic  Tub 
North  !  ■    Philadelphl  i 


Building  Costs   Per  Square  Foot 

In   our    March    22nd    i  thi  ts   per 

different   kind    ol  buildings  as  revealed  by 
P.    W.     Mod.,     i   ,         ;  contracts    awarded    in 

27  Btates   for  the   years    1919    1920  and    1921.    Herewith   we 
reprint  the  same  data   ■■  average  for 

eacb  ol  the  past  8  months. 

ft.  1922 > 

Feb  Mar 

. .  , 

1.8a         6.49  lit         5.82 

1.51  4.1.1   .     4.29                                       4.01 

Educational  5,04 

Hospital                                      ■  -  I        7.79        6.48 

E 

lonal  6.04 

lleligious    7. mi  g  i,.                                                  6.13 

(4.91       M.SS       $5.10       $4.66 

Prom  these  figures  thi  rable  no  indication  that 

building  costs  have  as  yel   entered   a  definite  decline  either 
In  the  aggregate  or  In  any  one  ol  the  classes  here  listed. 


Industrial  Notes 


The  Osgood  Co.,  manul  aery,   .Mar- 

is  now    worl  bol  b   da]    and   night 


Kolr 


Co., 


Inforelng    ma- 
il   plant    at 
....  be  400i 

The    Commercial    Steel   Castings    Co.,    M n    O 

...  ...  ... 

>  o    and  other  i  ngrs,  has 

contract'    for   t  he   erocl  ion  to   Its 

plan!   which  wll  output. 

Harrison   P.   Reed,   i.ir  man  J  ad    more 

d   ol    the  eley  itoi   department   ol  The  Cutler-Hammer 

Mfg.  Co.  of  M  ppolm  ed   gen- 

eral    manager   of   the    A.    i  li  ■  atoi    Co     ol     Stirs 

M  i     Reed   is  a  graduate  ol  depai  tment 

C '11   Unlversit]     cl  92    and   has  been  a  frequent  con- 

.    .li    Im  •  i  Ing   pul  ■  ■  ntly   having 

in  Power  Ippll  al  on  I  i  Passenger  and  Freight  Ele- 
vators" before  the  American  tnst  lectrica]  Engineers,  of 
which    hi     i-    ii    felli  «       Ilr.  Reed  ill  man  of   the 

Milwaul  •  •    S<  cl i    the    \     i     i      i .      i  !.■   is   n   mi  n 

Engineei       Societ;     il    Ullv  He   will  assume  his  new 

May   l 

The    Crescent   Sales  &    Mfo.    Co.,    whose    factor]    on 

ton   SI  .  Chicago,   wi In    the   I    March   15,   b 

factor]    Iocs  ide  arrangements  fnr  manu- 

The   offices   ,,i    Hi pany    are    located    in   the 

■  Ihloago,   so   thai    while  the  fact  nl    was 

■  total  loss,  in,  office  records  .li.l  not  suffer.  In  addition  to  the 
waterproofing  produrts  manufactured  bj  < lie  Crescent  Sales  & 
Mfg.   Co.,   .i    very   active  partment   distributes 

building  produrts  t  hruugh.iui   1 1.         mi,    .... ,  i   ,. 

excluslvel]    the    n.    W     i  overt    Co.,    manufacturing   Covert 

flrepli damper;    the   Cincinnati    Fly   Screen    Co.,    manufacturing 

Cinmanco  all   metal   rewh    ible    metal   frame  screens   and   wi 
strips,  and  the  Cincinnati   Mig    Co.  line  of  hollow  metal  and  kalo- 
iiii >•    doors,    bronze  grill  work   for  hanks  and  similar  products.     In 
ii"    Chicago  terrltorj    thes   are  •  (elusive  distributors  or  steel-crete 
mi  tal   lath 


Personals 

C.   R.  Wright  bus  resigned  as  port  engineer  of  Hoaquim,  Wash. 

J.    D.   Whitfield    lias  been   elected   city   manager  of  Terrell.   Tex. 

Herbert  M.  Greene,  Dallas,  Tex.,  lias  bec-n  appointed  architect 
.i    in.    i  nlversKj   of  t   i 

David  M.  Brucker,  for  the  past  t  wo  years  assistant  building 
Inspector  ol    Louisville,    Ky„   has   been  appointed  city  buildii 

Frederic    Bigelow.  been   appointed  superintendent 

of   buildings   of   Newark,    N.   .1  .     ling    William    P.    O'Rourke, 

who  died  recently. 

Axel   Carlson  and   Curt   Lundecn    have  organized    thi 

People'     Bank    BIdg      Uoline     111.,   and   will  engage   In  a 

neral  conl  rat  ting   bu 

Maurice  H.  Maney.  architect  and  builder,  ha  been  appointed 
lit;  building  commissioner  of  Boston,  Mass.,  succeeding  Herbert 
\    Wilson,  \\  li"  ha  -  bei  n  appointed   pol mm!  islonei 

Leland  G.   Merrill   I  engineei   ol    Parkei 

W.    Vi>  ici    i.  hi    «nii    the   West    Virginia   sun.'    H 

way  Commission,     He  will   !"■  located   In   Divlsl 
S.   Snyder,   fit'  rkersburg,    w     V"a, 

F.  w.   Puette,   1..-S   Angeles,   Calif.,    has  been   appointed   > 
Board  "i    i 'ubllc   Utilities    >  engineei         i i   teie- 

i,r  thai  city,     o    uci  eed  George  ti    Rov  i 

jii  iMi  .  i     ■!■  on  wll  li  the  S 

sjon. 

G.  Harold   Edged  has  bei  he   School  ol 

of   Harvard   CJnlvei  Bdgell 

.    ...  ,i       ...       i  . : 

i      ai    lb.-    university      I'- 
to    1912    he    « as    fellow    In   rei 
s,  hool   of  i 
I  •   .ii 
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Obituaries 


John   M.  Grant,   B   bUlldinR   contra  died  lust 

aged   TO     ■ 
Milton   J.   Ochv  Co.,    Allcntown. 

-    Hamilton   Ave  .  aged  f.7. 
Robert    C.    Boone,    bul  ol    Baltl re.    Md  .    riled 
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Disgraceful  Village  Streets 

There  are  15,400  "incorporated  places"  in  America.  Of 
these  15,450  cities,  towns  and  villages  oniy  2,800  exceed 
a  population  of  2,500  people  each;  yet  these  2,800  "urban 
places"  contain  54,000,000  people,  while  12,900  "rural  places" 
contain  9,000,000  people.  Nearly  all  the  9,000,000  residents 
of  the  12,900  "rural  places"  live  on  unpaved  streets,  and  the 
same  holds  true  of  a  large  percentage  of  the  residents  of 
"urban  places."  There  are  no  statistics  to  show  how  many 
miles  of  streets  there  are  in  the  15,400  "incorporated  places," 
so  that  we  can  not  estimate  accurately  the  percentage  of 
unpaved  streets. 

Even  without  such  statistics  to  indicate  the  extent  of  un- 
paved streets,  it  would  be  evident  enough  to  anyone  who 
travels  much  that  most  of  our  small  towns  are  very  inade- 
quately paved.  Mud  half  the  year  and  dust  the  other  half 
are  characteristics  of  their  streets. 

When  we  grow  unduly  elated  over  our  progress  in  paving 
our  highways  such  facts  as  these  should  bring  us  to  earth, 
yes,  literally  to  earth — to  the  dirt  streets,  that  are  typical 
of  most  of  our  small  towns  and  villages,  and,  also,  of  many 
of  our  larger  cities. 

We  read  repeatedly  of  overproduction  in  this,  that  or  the 
other  sort  of  industry.  There  are  too  many  coal  mines,  too 
many  iron  furnaces  and  mills,  too  many  motor  car  factories, 
too  many  textile  mills,  too  many  farms,  too  many  stores,  and 
so  on  through  nearly  every  sort  of  productive  and  distributive 
business.  It  seems  rarely  to  occur  to  anyone  that  such  ex- 
cess capacity  of  production  exists  solely  because  of  failure  to 
direct  capital  and  labor  into  enterprises  where  there  is  an 
excess  of  latent  demand  over  the  present  supply.  By  latent 
demand  we  mean  potential  demand,  demand  that  may  not 
exist  at  the  present  moment,  but  that  can  be  easily  aroused 
by  proper  educational  and  publicity  efforts.  There  is  un- 
questionably a  great  latent  demand  for  better  streets  and 
roads,  for  most  of  our  highways  are  not  only  a  disgrace 
to  us,  but  a  very  great  economic  burden,  because  of  their 
disgraceful  condition. 


Is  it  not  "up  to"  the  civil  engineers  of  America  to  lead  the 
way  in  arousing  the  latent  demand  for  improved  highways? 
Are  they  not  the  logical  propagandists  of  all  economically 
needed  public  works? 

We  believe  that  most  civil  engineers  would  reply  affirma- 
tively, yet  continue  to  act  negatively.  Money  is  needed 
both  for  economic  investigation  and  for  educational  propa- 
ganda. Engineering  societies  have  too  little  income  even 
for  their  needs.  How,  then,  shall  they  form  public  opinion 
when  it  costs  much  money  to  do  so?  The  answer  appears  to 
be  that  engineering  societies  must  solicit  funds  for  such 
purposes  from  public-spirited  men  of  wealth. 


The  Civil   Engineer  and  Radio 

The  American  indian  is  usually  taciturn.  From  which  it  is 
perhaps  inferable  that  talking  is  an  art  that  does  not 
reach  perfection  among  races  that  live  out  of  doors.  Talking 
has  been  called  the  greatest  of  indoor  sports.  Certainly  the 
tongue  seems  to  attain  its  extremes  of  dexterous  flexibility 
among  peoples  who  abide  much  under  a  roof.  Since  women 
usually  live  more  indoors  than  do  men,  we  should  expect 
to  find  them  more  addicted  to  lingual  athletics  than  are  men. 

Having  thus  established  at  least  a  presumption  that  wordi- 
ness and  indoorness  go  together,  we  are  better  able  to  under- 
stand why  relatively  few  civil  engineers  are  fluent  talkers. 
The  life  of  the  average  civil  engineer,  at  least  during  his 
habit-forming  years,  is  largely  a  life  in  the  open.  If  this 
tends  to  make  him  diffident  about  trying  to  convey  his 
knowledge  to  others,  it  has  at  least  the  merit  of  causing 
him  to  keep  also  his  ignorance  to  himself.  And  what  a 
worldful  of  ignorance  is  daily  talked  and  printed. 

There  has  been  not  a  little  worrying  over  the  volume  of 
printed  matter  that  is  annually  produced.  Already  the  lit- 
erary accumulation  is  so  vast  as  to  daunt  the  student  who 
seeks  a  broad  education  by  reading.  And  now  comes  radio, 
with  the  promise  (or  is  it  not  really  a  threat?)  that  the 
frozen  language  of  a  million  authors  shall  be  thawed  from 
its  print  and  caused  to  flow  forth  in  spoken  words  to  every 


(107) 


410 


Engineering   ami   Contracting   for    May   3,    1922, 


corner  ol  the  world  Even  the  taciturn  civil  engineei  In 
his  quiet  construction  camp  at  night  is  to  have  lectures 
and  sermons  broadcasted  upon  him.     Vanish  (or  him  the  medi- 

ours,  and  in  their  stead  the  rattle  and  roar  ol  talk, the 
tongue  attacks  ol  thousands  ol  trained  speakers.  No  more 
will  future  generations  be  able  to  say  with  truth: 

Qreat  teachers  bad  l  In  my  youth, 

The  Bilent,  speaking  things  ol  nature. 

And   Bolltude  thai   taught  me   thought. 

Is  Reasoning    Merely    a  Kind   of 
Remembering? 

Hy   HALBERT   P    GILLETTE,   Editor. 

During  th>    pas)   20  rears   there  lias  been  a   growlni 

dency  among  educators  to  !•«'  1  i t  ( 1 . -  the   memorizing  ol   tacts 

and  to  exall  the  cultivation  ol  the  reasoning  powers,   itseems 

not  to  bave  occurred  to  such  educators  thai  reasoning  itseit 

may  be  onlj    a   kind  ol  remembering.     Everyone  grants,  ol 

that  reasoning  is  Impossible  i"  the  absence  of  mem 

or> ;  hut  this  is  bj  no  means  equivalent  to  regarding  res  on 

a  suiu  lass  of  remembering      Yet,   In   the  opinion  of 

the  W  iitn    BUCh   is  the   ,  . 

In  the  commonesl  form.-,  id'  deductive  reasoning  it   i 

readily  seen   that   the   Inference  or  cont  Lusion   is   nothing  else 

than  a  remembered  attribute  looked  for  expectantly. 

l'o:  example,  when  you  infer  that  it  probably  will  rain  be- 
cause of  tlie  presence  of  towering  clouds,  you  are  doing  noth 
ing  but  expectantly   remembering  an  effect    (rain)   that  has 

usually  followed  under  similar  conditions.  When  you  infer 
that  a  green  strawberry  will  have  a  sour  taste,  your  deduc 
tlve  inference  is  nothing  but  an  expectant  memory  ol  thi 
sour  t  ■  rj    other  green  strawberry  has  produced 

when  tasted.     Similarly  as  to  a  host  of  everyday  inferences, 
is  nothing  more  mysterious  about  them  than  there  is 
about   memory,   for.   in    fact,   they   are   expectant   memories    .  .1 
kttributes    that    are    vigorously   aroused  by   perception 
of  certain  identifying  class  attributes  in  a  given  specimen. 

Although  it  can  be  proved  that  this  is  true  as  to  what 
may  he  called  Instinctive  deductions,  it  may  be  argued  that 
it  does  not  hold  true  of  deliberate  or  volitional  deductions. 
ml  analysis  of  a  very  great  variety  of  volitional  deduc- 
tions ha.-  satisfied  me  thai  thej  do  not  differ  in  essence 
deductions.  Volitional  deductions  differ 
from  Instinctive  deductions  only  in  the  degree  of  hesitancy 
or  deliberation  involved. 

When    the    mind     moves    to    a    conclusion    with    lightning 
rapidity,  we  call   the  Inference  bj    another  name   than    infei 
ence.  and   thus   conceal   from   ourselves   its  real  nature.     We 
intuition"  if  it   is  the  deductive   inference  of  a  man; 
and  we  (all  "Instinct"  it   it  is  the  deductive  inference  of  an 
infant   or  an  animal      Hut   call  it   what   we  may   it  is  nothing 
but  an  almost   instantaneous  exjectant  memory  of  an  attri- 
bute of  a   class   of  things       The   memory   may   have   been   ta- 
ll or  it  may  have  been  individually  acquired,  but  in  any 
•   lias  every  one  of  the  characteristics  of  memory,  and 
no  other  characteristic. 

When  the  mind  moves  more  slowly  to  the  conclusion  that 
an  unperceived  attribute  is  about  to  present  itself  in 
ceived  thine,  we  tall  the  process  deduction.     But  I  am  unable 
to  find  ot  outward  or  perceptible  difference    i" 

tween  such   volitional   or  hesitant  deduction  and  intuitive   or 
;...n.   other   than   the  difference  of   time    in 
otal  act.     That  there  may  be  an  inward  or 
nt.    The  brain-record  by  which 
inal  deduction  occurs  may  differ  from  the  brain-record 
by  which  intuitive  deduction  occurs;   but  the  mental  process 
that  I  am  able  to  process  is  the    ame  In  both  cases,  dill 
only  in  rapidity. 

Without    \'  tide    on    this    subject,    it    is    iiu- 

i.  asonlng,  eve,,  Inventive 

tag,  is   a  subclass   or   kind  of  ni'liiw.v     Yet    -neb   is  the 

ome  startling  cont 

from   ||  inpie,   it    toll-         I  I   our  educa- 

tional . .;   .,n   an    incorrect   theory,   in  that 

memorj    when,  in  il    deduction 

i  he  breadth  and  accuracy  of  memory.    It  is  com- 
mon!] "Ot  necessarv    to   mem 
for   they   can    he    found 

0    important 

t    nomory   musl    be  relied   upon   to   know 


where  to   find  the  reference   matter.     Second,   thai   the  best 

Of    indexes    is    incomplete   and    usually    very    unsatisfactory   to 

. on. eie   who  has   a    wide   acquaintance   with    the   sort   of  intor- 

m    that    is    desired.      Third,    that    after    the    memory    has 

-inded  the  reasoner  to  a  source  ot  Information,  his  memory 
must  then  lie  called  upon  to  carry  the  tacts  thus  found  long 
enough  to  put  them  through  the  mill  of  his  mind.  Fourth, 
that    in   Berving   ll  •  usefulness    in  that    mental   mill 

the    new    facts    must    call    up    old    facts    from    the    recesses   Of 

the  brain,  and  that  this  can  >  effectively  done  only  in  a 
brain  well  stored  with  old  facts 

i  could  add  Beveral  other  Important  reasons  whj  the 
memory  of  facts  is  id'  vastly  greater  importance  in  reason- 
ing  than   is   commonly   believed   to    he   the  case. 

Probabl]  the  greatest  aid  to  memory  is  classification  of 
tacts.  Every  brain  Instinctively  classifies  facts,  but  a  sci- 
entifically trained  brain  .an;.  n.m  much  farther 
and  with  greater  exactitude.  \  generalization  is  a  state- 
ment of  one  or  more  attributes  ol  a  (lass.  Hence  it  is 
important  to  remember  many  generalizations.  Hut  there 
.'ying  sizes  of  classes,  from  the  very  broad  class  to 
the  very  narrow  subclass;  and  consequently  there  are  many 
degrees  of  generalization  from  the  broadesl  of  prim  Iplet 
to  the  narrowest.  Who  can  tell  us  where  to  draw  the  line 
in  our  attempts  to  memorize  generalizations  or  principles? 
Sometimes  a  very  narrow  principle  is  of  exceeding  eco- 
nomic importance  when  applied.  Yet  there  are  many 
teachers  who  teach  ihat  onh  luool  general  principles  need 
be  memorized.  If  they  were  to  study  the  winkings  of  the 
minds  of  a  few  successful  business  men,  engineers  and 
inventors,  thej  might  change  their  opinion  as  to  tie 
ability  of  not  memorizing   narrow    principles. 

I  am  satisfied  that  one  of  the  main  reasons  why  so  many 
college  graduates  cease  to  study  much  after  graduation 
arises  from  the  fact  not  only  that  they  have  been  taught 
wrong  theories  as  to  the  process  of  thinking  but  have  be- 
come  habituated  to  studying  with  interest  only  very  gen- 
eral principles.  How  otherwise  can  he  explained  the  rela- 
tively small  sale  of  scientific  nooks  to  college  graduates? 
Is  it  not  because  they  have  been  taught  to  rely  on  their 
own  powers  of  solving  each  problem  quickly  when  it  arises 
without  being  taught  to  store  their  minds  with  facta  and 
to  work  long  In  gathering  (acts  to  be  applied  in  the  solution 
of  problems?  When  a  new  problem  arises  it  usually  presses 
for  quick  solution,  and  the  average  man  grabs  up  a  book 
or  two,  hurriedly  runs  through  the  very  imperfect  Indexes, 
scans  rapidly  a  few  pages — and  is  off  with  the  materials  for 
the  answer,  if  not  indeed,  with  the  final  answer  That  is 
about  the  way  the  average  young  engineering  graduate, 
whom  I  have  known  goes  at  an  economic  problem  that  is 
assigned  to  him,  unless  it  has  an  appearance  of  great  diffi- 
.  uity.  Unfortunately,  most  economic  problems  seem  simple 
to  the  man  who  has  not  loaded  his  mind  with  facts  relating 
to  them.  Hence  the  average  young  engineer  regards  the 
average  new  economic  problem  as  being  easy  of  solution, 
if  only  he  will  bring  to  bear  his  trained  intellect  upon  it 
for  a  few  hours  This  is  quite  natural,  for  has  he  not  been 
taught  that  all  he  needs  remember  is  a  relatively  few  gen- 
eral principles,  that  he  must  not  burden  his  mind  with 
details?  Well,  if  he  doesn't  soon  unlearn  that  sort  of  teach- 
ing he  is  probably  doomed  to  failure.  The  highly  success- 
ful engineer  or  inventor  is  usually  a  man  whose  mind  is  a 
marvelous  store  house  of  usable  facts  Kdison  was  funda- 
mentally right  in  devising  examination  questions  that  would 
disclose  the  number  of  facts  remembered  by  applicants  for 
po  in. ms  on  his  staff  of  inventors.  Probably  be  erred  in 
the  exceedingly  wide  diversity  of  facts  that  he  expected 
u.  h  applicants  to  remember,  for  many  an  excellent  mind 
has  a   tenacious   memory   for  onh    a   limited   class   of  facts. 

In  a  later  article  I  will  explain  how  it  is  that  even  inven- 
tive  reasoning   is  a   budi  tnemberlng. 


Ohio    Roads  Cost   Less   This  Year.— The  average  cost  per 

mile   for  all   types   of  roads  awarded   by   the  Ohio   State   High- 

viav    Department    during   the   flrsl    three    months   of  this  year 

mpared  win.  iverage  last  year. 

Letting  of  Wisconsin  Road  Contracts  Well  Advanced. — Up 
to  April  1  last  the  \\  i  COnshl  Highway  Commission  had  con- 
traits  from  L'LT.  miles  of  highway  (.instruction  On  the  same 
date  last  year  9G  milee  had  bet  n  i  onstructed 
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A  Comparison  of  Wholesale  and  Retail 
Price  Levels 

By  JOHN'  CECIL  BL  v 

There  is  a  common  belief  in  this  count] •>  thai  retail  mer- 
■  h. nits  are  holding  up  their  prices  quite  unwarrantably  after 
wholesale  prices  have  fallen,  the  fallacy  of  which  is  unmis- 
takably shown  in  the  accompanying  table.  Conclusions  to 
be  drawn  from  a  study  of  these  data  are  Important,  not 
merely  in  relieving  the  retailers  as  a  class  from  an  unjust 
charge,  but  as  a  further  and   very   di  ilng   to  those 

who  still  postpone  purchases  In  tbe  expectation  of  further 
price  reductions;  and  In  particular  to  any  who,  while  grant- 
ing that  wholesale  prices  are  not  likely  to  go  much  lower, 
are  still  looking  for  the  retailer  to  "come  down  to  earth." 

The  index  figures  here  used  are  all  from  the  compilations 
of  the  U.  S.  Bureau  of  Labor  Statistics.  The  somewhat 
peculiar  and  irregular  time  intervals  between  successive  fig- 
ures are  due  to  the  fact  that  the  retail  price  index  is  avail- 
able only  for  the  times  shown.  We  have  here  made  all  the 
comparison   for  which  published  data  are  available.     In  the 
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case  of  food  the  indices  are  available  for  each  month  since 
January,  1920.  The  Bureau's  wholesale  price  indices  have 
been  described  in  previous  issues  of  Engineering  and  Con- 
tracting, and  are  printed  each  month  in  these  columns  gen- 
erally in  the  last  issue  of  the  month.  The  retail  price  in- 
dices are  from  the  Bureau's  "Cost  of  Living  Index,"  in  which 
the  various  items  are  weighted  according  to  the  quantity 
consumed  in  the  average  workingman's  family.  Two  other 
items,  "Housing"  and  "Miscellaneous,"  are  included  in  the 
cost  of  living  index,  but  are  omitted  here  because  of  the 
lack  of  wholesale  prices  of  the  same  things. 

The  lag  of  retail  prices  behind  wholesale  is  apparent 
enough,  but  instead  of  the  approximate  uniformity  which 
some  have  supposed  it  to  have  it  is  subject  to  wide  and  sig- 
nificant variations.  The  minor  changes  up  to  the  end  of 
1915  were  roughly  parallel,  retail  prices  leading  more  often 
than  following  the  wholesale.  During  the  time  of  rapid  rise 
beginning  with  the  year  1916  and  ending  with  the  price 
peaks  near  the  middle  of  1920,  retail  prices  with  the  excep- 
tion of  furniture  lagged  from  6  to  15  months  behind  whole- 
sale. For  example  wholesale  clothing  reached  a  level  of  202 
in  December,  1917,  but  it  was  a  year  later  when  retail  cloth- 
ing reached  approximately  the  same  level. 

As  shown  in  the  table,  retail  prices  in  June,  1920,  reached 
levels  which  had  been  attained  by  the  corresponding  whole- 
sale prices  from  6  to  12  months  earlier;  but  the  peaks  of  both 
wholesale  and  retail  prices  came  at  about  this  time,  and 
the  retail  prices  never  got  within  many  points  of  the  whole- 
sale maxima.  In  fact,  those  shown  here  ranged  from  15  to 
20  per  cent  lower. 

In  the  liquidation  following  June,  1920,  retail  price  levels 
failed  to  keep  pace  with  the  wholesale  declines,  and  eventually 
were  left  slightly  above  wholesale  levels.  This  condition, 
however,  was   temporary,  and   by  December,   1921,  food   was 


the  only  group  still  showing  retail  levels  in  excess  of 
«  holesale. 

To  summarize,  retail  price  levels  were  much  below  whole- 
sale levels  for  5  years  from  1915  to  1920,  anil  in  some  in- 
stances into  1921.  Retail  food  and  clothing  rose  above  the 
wholesale  levels  in  1920  and  1921,  but  in  amounts  not  nearly 
equalling  tho  previous  wholesale  excesses,  while  at  present, 
food,  with  a  retail  excess  of  1  point,  is  tho  only  group  in 
which   the   lead   is   maintained. 

While  we  have  here  only  a  part  of  the  story  of  prices,  and 
while  no  single  individual  can  be  judged  solely  in  the  light 
of  general  figures,  it  is  evident  that  at  least  one  set  of 
charges  of  profiteering  by  the  retail  dealers  have  been  un- 
just. Such  observations  should  again  remind  us  of  the 
danger  of  hasty  judgments  or  judgments  based  on  hearsay 
and  supposition.  In  fact,  the  thinking  person  must  wonder 
how  many  cases  of  apparent  dishonesty  or  unscrupulous 
practice  are  only  apparent. 


Methods  of  Gravel    Road    Maintenance  in 
Canadian  County 

Practice   in   Elgin    County,    Ontario,    Described  in  Paper   at 
Last  Annual  Meeting.  County  Road  Superintendent 

By   FRANK   PINEO, 

Hoad    Superintendent,    ElRin    County,    Ontario. 

The  maintenance  of  a  roadway  is  the  keeping  of  it  as 
nearly  as  practicable  in  the  same  condition  as  it  was  when 
originally  made;  the  repair  of  a  roadway  is  the  work  ren- 
dered necessary  to  bring  it  up  to  its  original  condition  after 
it  has  become  deteriorated  by  neglect  to  maintain  it.  Thus 
there  is  a  wide  distinction  between  the  two  operations,  and 
when  the  comparison  of  costs  is  instituted,  errors  are  fre- 
quently caused  by  setting  the  repairs  of  one  road  against 
the  maintenance  of  another  or  vice  versa. 

The  crown  of  the  road  should  be  sufficient  to  allow  water 
to  pass  freely  to  the  ditches  on  the  side  of  the  roadways. 
On  many  of  our  gravel  roads  in  Elgin  County,  the  shoulders 
were  higher  than  the  center  of  the  road.  These  have  been 
thrown  outward  and  either  spread  uniformly  along  the  sides 
or  drawn  to  some  narrow  or  dangerous  point  on  the  road. 
Where  the  shoulders  of  the  road  are  high,  it  makes  im- 
practicable the  use  of  the  most  necessary  implement  for 
the  maintenance  of  a  gravel  or  earth  road,  the  split  log 
drag.  After  the  shoulders  have  been  thrown  outward,  the 
grader  is  then  reversed,  and  if  there  is  any  good  material,  it 
may  be  drawn  to  the  center  of  the  road.  Great  care  should 
be  taken  that  no  sods  or  poor,  worn  material  is  thrown  into 
the  center  of  an  old  gravel  road.  Resurfacing  should  be 
done  with  nothing  but  the  best  grade  of  screened  gravel,  well 
spread  out,  free  from  earth  or  any  stones  that  will  not  pass 
through  1%  in.  ring. 

In  Elgin  we  have  256  miles  of  county  road;  of  this  mileage 
about  190  miles  is  graveled.  Twenty-five  is  either  macadam 
or  stone  road,  and  the  balance  is  clay  or  sand.  We  own 
five  gravel  pits,  these  being  located  in  different  parts  of 
the  county  with  a  view  to  trying,  as  near  as  possible,  to 
furnish  material  for  the  entire  county  highways  and  not  have 
the-  haul  exceed  more  than  10  or  12  miles. 

A  semi-portable  bin,  elevators  and  screen  are  used  for 
handling  the  gravel.  The  bin  holds  30  tons;  the  floor  or 
bottom  has  a  slope  of  about  50  degrees,  so  that  the  gravel 
will  slide  to  the  opening  or  chutes  on  the  side  of  the  bin. 
The.  gravel  screen  is  9  ft.  long,  all  in  one  piece  with  3  ft. 
perforated  with  ^-in.  holes  for  sand,  3  ft.  blank  to  carry 
gravel  across  the  bin  which  is  12  ft.  wide,  and  3  ft.  of  one 
and  %-in.  holes.  The  elevator  is  of  the  bucket  type  32  ft. 
long  with  hopper  at  the  bottom.  Gravel  is  brought  from  the 
bank  with  the  ordinary  slush  or  slip  scraper  drawn  by  a 
horse  and  dumped  into  the  hopper,  the  horse  passing  directly 
over  the  hopper  which  is  protected  by  grizzy  bars. 

A  regular  gang  of  men  are  employed  in  this  work  during 
working  months.  They  are  furnished  with  portable  cook 
house,  sleeping  tents,  etc.,  this  equipment  taking  care  of  the 
whole  gang,  including  the  truck  drivers.  We  handle  from 
125  to  160  tons  of  gravel  per  day. 

Teamsters  usually  haul  about  1%  yd.  to  the  load  and  the 
orders  given  them  are  to  make  four  dumps  of  this  size  load 
and  spread  it  at  least  10  ft.  wide.     In  this  manner  one  load 
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ot  gravel  will  covei  about  10  tl   ol  road  In  length     <>ui  I 
are  of  the  dump  body  t >  p<-  carrying  ;i  load    il  •   yd     This  size 
of  load  will  coTer  about  200  ft    of  roi  wide; 

in  some  cases  throe  width  I   in  bj   the  tl 

making  a  spread  is  ft    wide 

A   gravel    road    is    wry   api    to    break    up    during    ill.-   early 
but   it   is  onlj   a  matter  or  a   few    dayB  it  i" 
attended  to  at   the  right   time,  for  it   to  conn 

\n  emergency   ol   tins  kind  should   bi 
tor  bj  having  storage  gravel  piled  along  Ide  "i  the  road. 
I  have  round  thai  the  early  spring  Is  1 1 1 - ■  proper  time  to 
go   over   our   gravel    toads    and    shape    them    for   the    Ci 
summer     Where  a  gravel  road  is  Inclined  to  !'>•  wavj   our 
method  for  leveling  is  to  use  the  standard  size  grader,  turn 
tht?  blade  crosswise  and  piano  the  unevenness  down  in  tins 
This  can  bo  dono  in  the  earl]   spring     if  we  And  the 
road  bed  too  haul  tor  the  blade  we  remove  it  and  an 
-.  arlfler  on  the  -■  a      VJter  the 
■  I    in   tins   manner   I  be  ordinary    split 
log  drag  will  keep  them  in  a  fair  condition  tor  the  balance 
of   the   summer,    providing   that    enough   shifting   material   is 
on  the  road  which  is  quite  necessarj    In  order  to  maintain  a 
:   road. 
Gravel  should  never  bo  placed  on  an  old  gravel  road  more 
than  2  in.  in  depth.     Never  get  so  much  gravel  on  the  road 
in  one  place  that   the  traffic   will   uol  to  pass  right 
over  it.     Use  the  traffic  to  roll   out   your  road   instead  of  a 
road  roller.     A   patrolman   should   be   appointed   about  every 
is.  and  he  should  be  furnished  with  a  split  log  drag 
or  small  grader.     I  am  not  in  favor  ol   too  much   mileage  for 
n      Qet  the  right  kind  of  man   interested,  farmer  pre- 
ferred, who  will  have  a  little  ti after  a   tain,  which  is  the 

proper  time  to  scrape  the  road,  and  in  this  manner  the  whole 
be  gone   over   in   a   few   hours.      And   if  you   find 
a  man  neglecting  his  road,  get  rid  of  him. 


New   Specifications   of   Illinois   High- 
way Department  for  Road  Oils 

By    H.    F.    CLEMMER, 
Tests,   Illinois 
The  ever-increasing   use  of  road  oils   in  the   State   of   Illi- 
nois  has  prompted  a  considerable  amount  of   laboratory   in- 
vestigation and  practical  research,  the  results  of  which  have 
done  much  to  enable  the  highway  department  to  prepare  its 
new  set  of  road  oil  specifications.     As  a  great  many   ts 
have  bearing  upon  the  satisfactory  use  of  these  oils,  spei  Ifl 
covering    the   quality   of   the   material   have   in   the 
past  been  only  a  c  jecting  the  poorest  of  grades, 

resent  specifications  are  expected  to  do  considerable 
in  bringing  about  the  oiling  of  roads  to  a  better  advantage 
insofar  as  economy  and  service  are  concerned. 

The  oiling  of  roads  in  this  state  has  passed  the  embryonic 
stage  where  the  expense  and  results  are  not  to  be  consid- 
ered.    In   1921   there  were  7.000  miles   of  roads  oiled   in   Illi- 
nois at  a  total  cost  ol  approximately  $1,500,000.    Over  25,000,- 
000  gal.  of  road  oil  was  used   in  this  work.     The  cost   of  this 
material  amounted  to  about   .".   it     per  gallon  delivered,  with 
i   "i  application  amounting  to   i   ct.  per  gallon!     The 
oad    in   1921   ran   between 
d  $250. 
Increasing    publii  "is   has   created   a 

demand  for  more-  Information  relative  to  the  best  methods 
of  applying  oil.  the  comparative  merits  of  different  kinds  of 
oil,  and  the  types  of  oil  to  be  used  on  various  kinds  of  soils. 
The  great  lack  of  uniformity  in  applying  oil  to  roads  has 
been  the  subject  of  considerable  discussion  for  some  time 
and  Investigations  in  tlii-.  as  well  as  other-  problems  re- 
use- of  oil,  an-  wanted.  Tin-  Illinois  II 
Division    ha  iade    consid- 

erable progress   In   tie-    -  lal   field       \    far   gi 

number  of  <■  ■  ire   now  being  planned   and 

thin    a     horl    time.     Th  of    Illinois 

has  also  come  to  tl  con  lequently  is 

planni:  oil         i  M.|.-i    the 

station   a   12-mlle 
Dtal   rt  upon    v.  hlch 

attending    the    oiling    of    road      ■  [l]    i.. 
up 

I  te   Laboratory   of  the    I ' 

if  I  oad  oil 

I  1 


as  collected  much   valuable   Information  regarding  the 

quality  of   oils   from    various    sources   and   results   obtained 

from  their  use  under  various  conditions  existing  in  Illinois. 

The  activities  of  the  laboratory  through  its  testing  and  work 

paring    BpeClflcatlonE    u8      had    the    result    of    gradually 

improving,  both  in  respect  to  uniformity  and  quality,  the 
oils  which  arc  being  used  In  thlt  state.  The  most  note- 
worth)  teati  i  -it  road  oil  practice  in  Illinois  is  the 
tendency    toward  the  use  of  heavier  oils,     a  few  years  ago 

■i  ally  all  oil  used  contained  between  In  and  50  per  cent 
asphaliiim.  heavy  oils  being  con  Idered  unsafe  or  unsatis- 
factory to  use  Figures  compiled  by  the  laboratory  show  that 
during  1921  TH  per  cent  of  all  oil  used  In  the  state'  was 
purchased  to  contain  50  to  60  per  cent  asphaltum,  16.5  per 
cent  to  contain  more  than  60  p.-r  c.-nt  asphaltum,  and  only 
13  per  cent  to  contain  less  than  50  per  cent.  Recognizing 
this    condition,    the    laboratory    has    prepared    the    following 

fli  ations  ami  it  is  probable  that  practically  all  oil  pur- 
chased in  the  state  during  this  season  will  be  purchased 
under   these  or   very   similar  specifications: 

SPECIFICATIONS   FOB  Oil     I'd:   I    \l:ili    ROADS 
-   il-'l.    \ti.  INS    I     i 
General. 
i  The    ■ 

cim    when    re- 
ins   meetings    with 

Chemical  and  Physical  Characteristics. 

1.  The    road  d   free    from    w.,i 
shall    meet   the   following   I 

2.  Specific  en            -.-.,,  i-m.    „,,!   iCss:   than   "  - 

3.  Spfe  16.0  to  76.0. 

i'  '.  5  hours,  not  more  than  I 
el  bitumen,  nol   lest 
P       :ent  ei  total  bttumi  a  It  ■  ■■ 

7       Plash  p. .int.  not  less  than  80"  C     elT"     I 

ei  00  Ion,  50   to  60. 

SPECIFH    •      0 
General. 
(The 
petroleum  from  Texas,   tx>u  thoma,    Kansas,   Illlnol 

other  si  petroleums,     nils  meeting  the  requirements  of 

Specifications  K-l  will  P.-  acceptable  under  Specifications   E-2.) 
Chemical  and  Physical  Characteristics. 

1.  The  road   oil  shall    be  homogeneous   and    free    from    water       It 
shall  meet  the  following  requirements: 

2.  Spec  iii. ■  gravity  at  26V26"  C.  iT7°/7"°  P.).  not  less 

3.  Specific  viscosity  at  40    -  0  75.0. 

4.  Total  bitumen   (solublUl  not   less   than 

99.5%. 

5.  Per  cent  of  residue-  at    100  pc 

i  "la   h  poh Ic         -  ,  i  ...    r 

SPECIFIC  VTP  INS 
General. 
(These    spi  eifle 

ise  petroleum  residu  ivler  grade  than  cov- 

ered by  Specifications   B-3  and  E-2.) 

1.  The    read    oil   shall    be    homogeneous   and    free    from    watei        It 
Bhall  conform  to  thi  menta: 

2.  Sp'  ciflc  ' 

3.  Sp-  I,  2.0  to  6.0. 

4.  Total  bitumen,  not  less  i 

i  i  esidue  at   100  penetral  Ion,  60  to  ffl 
Test-  -id   •  i  .mi.  ai    : 

1.  Specific  gravltj     i      S    I "  i"  -     Bulicl  In   9 19 
No.  19, 

2.  Sp<  ■  — U.    S.    1  »epl 

Test  No    27,   p     1 1 

*    s    T    M    Stand 

p    ,':i 

i 

'grlculture,    Bullel 

i  uUetin    149,   T,--  i   \. 
p.   42.  * 

Ion     '      s     i  ii 
\i  i  [culture  o    28,  p    15, 

Specifications  B-l   and  12-2  maj    be  considered  as  alternate 

n;     oil    lor    cold    application    or    which 

would  require  only  slight  heating.  Specifications  B-8  admit 
oil  of  leavler  gi  ide  than  covered   bj   the  El 

and    E-2     peclflcatlon  le  is  best  suited  for  hot 

application   on    sol mewhal    Bandy    nature   or  on 

i.  have  i n  prevlou  ly  treated  with  a  lighter  oil. 

in. 
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Analysis  of  Motor  Vehicle  Traffic  on 
Connecticut  Highways 

Digest  of  Report  of  Bureau  of  Public  Roads 

on  Traffic  Censuses  Conducted 

Last   Year 

During  lugual  and  October,  1921,  the  Connecticut  High- 
way Department,  in  co-operation  with  thi  Bui  lu  ol  Publli 
Roads,  conducted  traffic  censuses  on  two  ol  the  pi  I 
highways  of  Connecticut.  The  purposes  of  thi  cen  uses  were 
termine  the  economic  vain.'  oi  the  highway;  the  classi- 
fication of  vehicular  traffic;  the  gross  weight  and  wheel  loads 
Of  motor  trucks  and  the  extent  of  overloading;  a  basis  for 
hstribution  of  construction  and  maintenance  costs;  den- 
sity of  traffic;  width  ol  vehicles  and  the  relation  oi  densitj 
and  width  of  vehicles  to  roadway  width;  the  movement  of 
freight  by  highway;  the  speed  of  vehicles  and  to 
basis  for  a  formulation  of  traffic  regulations. 

Time  and  Scope  of  the  Censuses.  The  first  cen 
taken  during  the  last  two  weeks  of  August  on  the  Hartford- 
Springfield  road  at  the  Massachusetts-Connecticut  state  Hue 
The  second  census  took  place  during  October  on  the  Boston 
Post  road  at  the  town  of  Greenwich.  Conn.  Each  of  the 
censuses  covered  a  period  of  14  days.  The  daily  survey 
covered  10  hours,  rotated  so  as  to  determine  the  traffic  move- 
ment at  the  earlier  and  later  periods  of  the  day.  Two 
night  counts  were  conducted  to  form  the  basis  for  an  esti- 
mate of  night  traffic.  Road  scales  were  installed  on  both 
roads  to  weigh  the  traffic  as  it  passes  over  the  road.  At 
the  Greenwich  station  a  49,000  lb.  automatic  Fairbanks  scale 
was  used  in  order  to  delay  the  traffic  as  little  as  possible 

During  the  first  census  traffic  bound  south  from  Spring- 
field.  Mass..  to  Hartford.  Conn.,  was  weighed  whether  empty 
or  loaded.  North  bound  trucks  were  stopped  but  only  com- 
modity information  was  obtained.  The  density  of  traffic  was 
such  that  it  was  impossible  to  weigh  trucks  going  in  both 
directions.  In  the  second  census  the  east  bound  traffic  from 
New  York  was  weighed  and  west  bound  trucks  were  stopped 
only  for  commodity  information.  The  personnel  of  the  sur- 
vey included  eight  men  to  handle  both  truck  and  passenger 
car  traffic.  During  the  second  census  older  men  were  em- 
ployed and  the  results,  especially  the  truck  information, 
were  more  accurately  recorded.  Traffic  was  only  slightly 
delayed  by  the  observers,  and  drivers  co-operated  willingly 
when  they  understood  the  purpose  for  which  the  informa- 
tion was  asked. 

During  the  first  census  the  information,  including  the 
weight  of  the  truck,  was  obtained  in  an  average  of  1  minute 
and  41  seconds,  the  longest  time  being  2  minutes  and  55 
seconds  and  the  shortest  1  minute.  At  different  times  during 
the  census  speed  tests  were  made  and  one  of  the  results  of 
the  survey  is  the  indication  that  a  more  accurate  index  of 
truck  speed  can  be  obtained  at  a  place  a  few  miles  from  the 
traffic  station  where  drivers  will  not  suspect  that  the  test 
is  being  made. 

Five  forms  were  devised  for  use  in  recording  the  data. 
The  cost  of  the  first  census  was  $1,693.10,  of  which  $977.63 
was  for  the  scale,  $170  for  the  cost  of  erecting  it,  and  the 
balance  for  salaries  of  the  observers.  The  cost  of  the  second 
census  was  $3,331,  of  which  $2,700  was  for  the  scale  and  the 
balance  for  salaries  of  observers,  etc. 

Passenger  Traffic  Analysis. — Twenty-eight  thousand  and 
eleven  passenger  cars  were  recorded  during  the  first  census 
and  for  14.036  of  the  cars  observed  the  records  were  analyzed 
to  determine  the  average  haul,  number  of  passengers,  etc.  In 
the  second  census  38,566  passenger  cars  were  recorded  and 
the  records  of  5,023  were  analyzed. 

The  number  of  motorcycles  and  horse-drawn  vehicles  was 
so  small  in  comparison  with  passenger  cars  and  truck  traffic 
that  their  numbers  are  not  reported. 

All  makes  of  cars  and  all  types,  including  touring  cars, 
roadsters,  and  other  special  types  were  observed  during  the 
census. 

Forty-four  thousand  nine  hundred  and  fifty  passengers  were 
transported  in  the  observed  cars,  south  bound,  in  the  first 
census.  An  average  of  3.2  passengers  per  car.  During  the 
first  census  of  the  licenses  observed  50.5  per  cent  of  the  total 
were   Massachusetts   tags;    34.9   per  cent   were   Connecticut; 

n 


7.2    pel    cent    were    New    York,    and    7.2    per    cent    were    mis- 
cellam  i 

The  location  ol  the  cei  tation  near  the  Massachusetts- 

Connectlcut  State  line  and  the  fact  that  thii   analysis  n 

Mi    bound  traffic  accounts   for   the  high   percentage  of 

BUSettS   cars. 

iii   the  second  census  number  ot    passengers 

louiiil  to  be  3.314  rhe  analysis  ol  license  tags 
-.hows  Connecticut  with  53. l  per  cent;  New  fork,  .'17.4  per 
cent;    Massachusetts,  3.2  per  cent;  3.2  per  cent. 

\    dailj    average  of  6,739   passenger   i  ound   for  the 

ensuses  while  the  daily  truck  average  was  792. 
The    principal    movement    occurred    between    7   o'clock    in 
the   morning   and   8   o'clock    in   the   evening,   the   peal 
occurring  at  .",  p.  m.     The  hourly  density  of  truck  movement 
from   8   p    in    to   5   a.   m.   indicates  the  night  movement  of 
regular  truck   lines.     During   this   interval   an  average  of  13 
passed    over    the    mads    per    hour, 
in    the    first    census    the    daily    average    of    passenger   car 
movement  tor  24  hours  was   2,907.     The  average  mileage  per 
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Composition    of   Truck   Traffic   on    Boston    Post    Road.    Connecticut. 

car  was  70.018  at  3.2  passengers  per  car.  and  figuring  the 
value  of  the  passenger  service  rendered  at  the  railroad  rate 
of  3.6  ct.  per  mile  the  passenger  service  on  the  Hartford- 
Springfield  road  during  the  two  weeks  was  valued  at 
$327,595.50. 

During  the  second  census  the  daily  average  of  passenger 
car  movement  for  24  hours  was  3832.4.  The  average  mileage 
was  52.4.  Computing  the  value  of  the  service  as  above  the 
value  for  the  two-week  interval  was  $355,417.04.  On  the  two 
roads  together  the  value  of  the  service  rendered  for  a  year 
would  be  $17,238,326.  This  figure  is  merely  the  value  of  the 
service  rendered  by  these  two  roads  estimating  the  value 
at  railroad  rates.  It  is  not  the  cost  of  the  service  rendered 
by  the  roads. 

Truck  Overloading.— The  truck  weight  data  from  both 
censuses  was  analyzed  to  determine  the  wheel  and  axle 
loads  and  to  ascertain  what  percentage  of  the  vehicles 
weighed  in  excess  of  the  legal  limitation  of  25,000  lbs.,  and 
what  part  of  the  traffic  consisted  of  vehicles  with  wheel 
loads  greater  than  800  lb.  per  inch  of  tire  width,  and  what 
proportion  of  the  vehicles  were  overloaded  when  gauged  by 
the  capacity  rating  of  the  manufacturers.  The  latter  prac- 
tice is  referred  to  as  overloading  per  capacity.  The  weight 
standard  used  in  determining  overloads  for  each  make  and 
capacity  consists  of  a  summation  of  the  manufacturer's  1920 
weights  for  the  chassis,  body,  and  rated  capacity,  giving  the 
total  weight  when  loaded  to  rated  capacity.  The  percentage 
distribution  of  weight  recommended  by  the  manufacturers 
of  trucks  for  front  and  rear  axle  load  was  used  as  a  standard 
for  computing  overloads  on  the  front  and  rear  axle.  To  be 
conservative,  5  per  cent  of  the  total  chassis,  body  and 
capacity  weight  was  added  to  the  manufacturer's  given  weight 
in  deriving  the  standard  for  computing  overloads.  One-half 
of  this  5  per  cent  was  added  to  the  front  and  rear  axle 
weights  in  arriving  at  a  standard  for  measuring  overloads 
per  axle. 

Commodities  Overloaded. — The  practice  of  overloading  per 
capacity  is  not  confined  to  loads  of  heavy  material,  such  as 
sand,  gravel,  brick,  etc. 

It  is  restricted  to  no  typical  group  of  commodities,  but 
is  almost  universal. 

Apples,  beer,  butter  and  eggs,  drugs,  fish,  furniture,  gro- 
ceries,  lumber,   meat   products,   paper,   rubber   goods,    sugar, 
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.:.   are  typical  commodities  ol  which  overloads 
acted. 

oading  i"  i   ea]  "''■  '■"'  1"'r 

as  practiced  by  regular  trockini  BB  per  cent 

-  ilar  trucks. 

Commodity  loads  exceeding  25, lb.   were   noted  in  the 

i  Bach  commodities  as  brick,  butter,  drugs,  eggs,  glass, 
plumbii  ■ 

and   Villi 

Of  the  number  of  loads  exceeding  25, lb    S7.S  per  cent 

tads  per  capacity;  B8.7  per  cenl  were  by  regular 
trucking  companies  Thirty-nine  out  ol  II  coses  were  loaded 
from  846  to  U lb,  per  Inch  of  tire  width  on  the  rear  axle. 

Composition    of    Truck    Traffic— ( >nl>      1.2    per    cent    of    the 

trucks  observed  wen  i-ton  capacity      The  percentages 

i  capacities  noted  were 


i'. 


o  I 

ll.o 

16.0 

1"  I 


6% 


0.06 


Width    of    Truck    Body.     The    least     width    Of    truck     bodj 

,i  in  the  two  censuses  was  5  (t.;   the  greatest  width 

■  r  census  was  9  ft.  G  in.     Only  6  per  cent,  of  all  trues 

census  and  .'.  per  cenl   In  the  second 

census   were  equipped   with  bodii  -   exci  eding   7   ft.   G   in    In 

width. 

Classification  of  Truck  Weight  by  Type  of  Tire.— Pneumatic 
■  mi  [pally  on  the  lighter  trucks; 
:ires  on  the  heavier  trucks  and  a  combination  of  pneu- 
matic  and   solid   on   the   rear  and   front    wheels    respectlvelj 
principally   in  the  weight  classification  from   3,000   to  14,000 
•  t    in    pounds.     The   use   of   pneumatic    tires    in- 
creases  rapidly   from   2.000   to   5,000   lb.   and  then   decreases 
rapidly   to  Ki.OOO  lb.     The  number  in  excess  of  10.000  lb.  is 
[ble.     The  gi  rcentage  of  trucks  equipped  with 

I  to    i.OOO  lb.  class.    Solid  tires 

to  increase  rapidly  at  5.000  lb. 
Classification  by  Weight  of  Trucks.     The  density  ot    I 
ment   was    found    to    be    between    the    4,000   and    14,000    lb 
-.    1.378  out   of   2,183    observed    trucks   falling   in   these 
only  51  "nt  of  2,183  or  2.3  per  cent  exceeded  25,000 
lb.     Only  7  out  ot  2,183  weighed  more  than  2X.000  lb. 

Truck  Weights  Per  Inch  of  Tire  Width.— In  the  first  census 
226  trucks.  12  at     were  found  to  have  front  axle 

loads  in  excess  of  800  lb.  per  inch  of  tire  width. 

One  hundred  and  thirty  eight  out  of  359,  38.44  per  cent, 
were  found  to  have  rear  axle  loads  in  excess  of  800  lb.  per 
inch  of  in. 

One  hundred  and  sixty  seven  of  585,  or  28.55  per  cent,  were 
loaded  to  more  than  S00  lb.  per  inch  of  tire  width  on  both 
axles. 

Overloads  on  the  front  axle  range  from  800  to  1,100  lb.  per 
inch,  density  occurring  at  900  lb. 

Overloads  on  the  rear  axle  range  from  800  to  1,650  11 
inch,  density  occurring  at    1,100   lb. 

In  the  sei  i  enl  and  — tioads 

were  as  foil' 

cenl     BOO-1,925  lb.  d<  n 

■ 

In  both  censuses  the  number  of  overloads  increases  as  tire 
thickness  increases  to  1%  in.  and  decreases  above  that 
thickness. 

Truck  Overloading  Per  Capacity.— The  weighted  average 
overload  per  capacity  (computed  on  ba  Is  ol  odard  de 
fined  on  page  r,i  is  39  per  cent  This  is  construed  to  mean 
that  even  third  truck  was  loaded  beyond  i)i'  capacity  of  the 
truck  and  tin        \  total  ol  31  loaded  on 

the  r<  id  40  per  cei 

Recommendations     Based     on     Overloading     Analysis.      I  1  i 

load 

inrh  width;   in  maximum  body  width  ol 
i     oa  ii.  .1   Eoi 
•   trucl      and   i  laci  d   In   con  p 
■ 
Commodity  Analysis.— The  20  commodities  noted   In 

( 


est  bulk   in   the  second  census   with  the  weight  and  average 

haul  of  each  are  as  follows: 

Weight  \vi-rage 

"  pounds.       haul  In  i 

1,088  44.16 

Furniture  1,1  IE  71.47 

i  a  665 

Sugar 404,640 

Vf,  at    :  884,410  12.76 

da     L'7;i.020  W.'.ii. 

Hi           I76.893  37.68 
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Merchandise    ■  1.13.831  42. ns 

\\,i.                     146,660  66. SO 

W1.220  48.66 

47.13 

mods    •  43.79 

181.140  27.10 

1"  110.22 

Lumber    119.1  3S.51 

i  i 

Utharg'  IM  106  2o 

The  longest   average  hauls   reported    were   those   of   boats 

and   yeast,   each   of   which    was   hauled   an  average  distance 

ol   i  >0  miles     The  volume  of  these  commodities  hauled  were: 
^10  lb.;  yeast.  10,446   lb 
The  shortest  haul  reported  was  that  of  charcoal,  2,la0  lb., 

oi  which  were  hauled  an  avi  .hstance  of  3.50  miles.    The 

next   Bhortesl    haul   was   milk.   4,725   lb.,  of  which  were   hauled 
an  average  of  5.80  miles. 

ultural  products  make  up  only  14.3  per  cent  of  the 
mi  the  second  census;  manufactures  and  miscellaneous, 
72.5  per  cent,  indicating,  according  to  the  report,  that  truck 
movement  in  Connecticut  is  predominantly  that  of  manufac- 
tured goods  of  high  value  and  small  bulk. 

Because  the  survey  was  limited  to  one  season  all  agri- 
cultuial  products  are  not  represented  in  the  list  of  com- 
modity s. 

The  average  haul  of  agricultural  commodities  is  39.5  miles; 
the  longest,  eggs,  is  68.21  miles. 

intending  observed  weight  and  hauls  during  the  period 
of  the  second  census  it  is  estimated  that  the  annual  ton- 
mileage  of  agricultural  commodities  is  86,649. 

Estimated  value  of  agricultural  products  hauled  both  ways 
I'ost   [load  i  Ii,  based  on  observations 

of  the  second  cen  "00. 

Comparison  of  Truck  and  Railroad  Traffic.— Comparing  the 
truck  traffic  observed  In  the  second  census  with  traffic  over 
the  New  York,  New  Haven  .x  Hartford  and  Boston  &  Maine 
railroads,  the  results  are  a     follows: 

By  N    \ 

N    11   <x-  II        &Mi 
puck         (1918). 

in  ducts    ot    Agriculture    '■'  ]  '.',  J 

:  ToductS    "i    Animals    11.2 

P ii  ts  of  Mines   

Pr.  dui  i      -ii s   

Manufacl  un  rs   and    Vfisci  i2.5  •> 

Total  observed  east-bound  truck  traffic,  second  census, 
239,562  ton-miles. 

Adjusted  to  give  24-hour  traffic  for  the  2-week  period. 
360,000  ton-miles,   east  bound 

Seventy-one  per  cenl  of  east-bound  traffic  loaded 

Thirty  six   per  cent  of  westbound  traffic  loaded. 

Estimated  traffic  both  ways  for  2-week  period,  510,000  ton- 
miles. 

Assuming  this  traffic  to  be  average  tor  year  the  annual 
Bast    and    Wesl    movement    at  rich    is    estimated    at 

I  |. n|i. .nun    ton-miles   of   pa>    fi 

Tie  laul  of  truck    i  v.  as   17  I  I   miles. 


Lower   Road   Costs   in   Wisconsin.     A    list    ol   highwa] 
unci  em  costs,  compiled  by  H.  -i    Kuelling,  Construction  Engi- 
neer of   the    Wisconsin    HIghwaj    Commission,   shows   a    re- 
duction  of   $K.9:,:i  a   mile   in   tie     12-month   period    limn    April 
l.  1921,  to  April  I,  1922.     The   1923   average  for  an  18-ft.  con 

i  i,    [ye   of   bui    ej      and    Inspection,   wa 
346  .,   mile      The   1922  cost   Is  $25,383  a  mile.     Concrete  sur- 

■  hii  i an   avei     •    ol    $2  77  a  square  yard  last 

year,  now  costs  (2  05,  e  •    P'  i    <  enl      Grading, 

which  cost  $1.17  a  cubic  yard  la  I  year,  uow  avi 
i  drop  ol  81  pei  cenl 

Wages  of   Wisconsin    Patrolmen   20   Per  Cent   Lower 
wages  ol  the  1,800  patrolmen  who  maintain  the  trunk  high- 
way   Bystem    of    Wisconsin    are    20    per    cent    lower    this    year 

than  the   1921   scab  ;   the  average  ecale  is  now  about  $hi 

per   month. 
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A  Daily  Report  System  for  Asphalt 
Paving  Inspection 

Engineers  charged  with  the  responsibility  for  the  con- 
struction of  public  work  many  times  find  themselves  unable, 
because  of  various  inroads  on  their  time,  to  visit  the  Indi- 
vidual jobs  as  frequently  as  the  work  really  requires.  This 
means  either  neglect  of  the  work  or  the  installation  of 
some  system   of  "distant  control"  as   an  electrical   engineer 

would  term  it.     Fortunately  a  verj    lete  system  of  such 

control  requires  only  a  small  expenditure  ol  time,  energy  or 
money;   in  fact,  a  well  devised  and  strictly   enforced   system 


INSPECTOR'S  DAILY  REPORT 


W«     - 
Wort  do. 


nployed — A.  M._ 


Natuie  of  i 


MitrruU  r«*nred  . 


Fig.    1 — Front   of   Sheet.  Fig.   2 — Back    of    Sheet. 

Inspector's    Daily    Report    Form. 

of  "daily  reports"  properly  used  will  satisfy  all  demands. 
For  the  past  three  years  the  Bureau  of  Engineering  of  Bing- 
hamton,  N.  Y.  has  been  using  a  system  of  daily  reports  in 
connection  with  its  construction  work.  The  following  brief 
description  of  the  system  as  applied  to  asphalt  construction 
has  been  prepared  by  W.  Earl  Weller,  City  Engineer  of  Bing- 
bamton,  and  published  by  the  Asphalt  Association  in  a 
circular: 

The  daily  report  has  long  been  the  ever-present  help  of 
engineers  occupying  executive  positions  in  private  corpora- 
tions, but  the  tendency,  unfortunately,  in  public  work  has 
been  to  dismiss  the  report  as  a  useless  bit  of  red  tapi  In 
reality  a  system  of  daily  reports  has  three  distinct  values. 
First — The  necessity  of  preparing  a  daily  report  that  will 
be  read  has  a  decided  effect  in  holding  an  inspector  closer 
to  his  job.  Second — When  the  work  is  complete  the  daily- 
reports  form  an  invaluable  record  of  the  job.  The  profes- 
sion of  contracting  has  its  share  of  constituent  members 
having  such  common  human  failings  as  inefficiency  and  dis- 
honesty. Sooner  or  later  every  engineer  will  meet  a  con- 
tractor endowed  with  one  or  both  of  these  failings.  At  such 
a  time  the  record  comes  into  its  own  and  demonstrates  its 
worth.  Third — Daily  reports,  received  and  considered  not 
later  than  the  morning  of  the  day  following  the  one  covered 
by  the  report,  keep  the  engineer  in  touch  with  the  work  each 
day  no  matter  how  the  individual  jobs  may  be  scattered, 
thus  making  it  possible  for  him  to  follow  the  progress  of 
the  work,  to  check  the  ability  of  his  inspectors  and  to  deter- 
mine just  where  the  time  at  his  disposal  for  visiting  the 
work  shall  be  spent.     This  last  is  "distant  control 

No  typ<  of  construction  work  lends  itself  so  readily  to 
such  control  as  the  asphalt  pavement  and  municipal  engineers 
who  have  spent  weary  hours  either  searching  for  or  trying  to 
develop  capable  asphalt  inspectors  will  add,  perhaps,  that  no 
type  of  construction  work  stands  so  much  in  need  of  such 
control. 

Inspection  at  Asphalt  Plant.— Whenever  asphalt  work  is  in 
progress  in  Binghamton  at  least  one  inspector  is  on  duty 
at  tlie  plant.  This  inspector  is  required  to  file  a  daily  report 
including  certain  specific  and  certain  general  information 
regarding  the  day's  run.  For  instance,  he  is  required  to  take 
at  hourly  intervals  the  temperature  of  the  asphaltic  cement 
in  the  melting  kettles  and  to  note  these  temperatures  in  his 
report  He  also  notes  on  his  initial  report  the  mixing  formula 
used  hy  the  contractor  and  on  subsequent  reports  indicates 


any  change  in  this  formula.  Two  other  items  of  specific 
information  must  be  furnished  by  the  plant  inspector  on 
each  daily  report,  the  total  run  of  the  plant  in  tons  and  a 
statement  of  all  materials  received.  He  is  at  liberty,  in  fact 
is  encouraged,  to  report  any  item  of  general  interest  in  regard 
in  the  plant  operation,  such  as  the  force  employed,  accidents 
to  employes  or  to  the  plant  and  general  observations  con- 
cerning operating  efficiency.  He  must  report  back  to  the 
office  on  his  daily  report  any  orders  which  he  may  have 
received  during  the  day.  This  feature  of  the  report  has  been 
especially  valuable  both  in  fixing  responsibility  and  in  assur- 
ing the  engineer  in  charge  that  his  instructions  are  under- 
stood. All  this  information  is  recorded  on  Form  402  (see 
Figs.  1  and  2).  This  report  must  be  filed  in  the  City  Engi- 
neer's office  not  later  than  :i  o'clock  in  the  morning  <>\  the 
following  day.  In  addition  to  the  things  the  plant  inspector 
must  do  in  order  to  render  a  satisfactory  report  he  also 
takes  samples  of  all  materials  received  and  makes  such 
simple  plant  tests  as  may  be  required  to  keep  the  mix  fairly 
uniform.  At  times  it  has  been  found  advisable  to  have 
two  inspectors  at  the  plant,  one  spending  all  his  time  on 
the  mixing  platform  The  samples  taken  by  the  inspector 
include  a  daily  sample  of  the  asphaltic  cement  taken  the 
tirst  thing  each  morning  from  the  kettles. 

Every  load  of  "mix"  leaving  the  plant  must  be  accom- 
panied by  a  consecutively  numbered  load  report  (see  Fig.  3) 
signed  by  the  plant  inspector.  These  reports  are  made  in 
triplicate  by  the  inspector  who  notes  thereon  the  number, 
destination,  temperature  and  weight  of  the  load  and  the 
time  it  left  the  plant.  One  of  these  reports  is  given  to  the 
driver  of  the  truck  or  wagon,  the  second  is  given  to  the  plant 
foreman  and  the  third  is  retained  by  the  inspector.  When 
the  load  arrives  on  the  street  the  driver  must  deliver  to  the 
city  inspector  on  the  street  his  copy  of  the  load  report.  The 
temperature  of  the  mix  is  again  taken  and,  if  this  tempera- 
ture is  satisfactory,  the  load  is  dumped.  The  inspector  then 
notes  on  the  copy  of  the  load  report  given  him  by  the  driver 
the  temperature  as  determined  on  the  street,  the  time  the 
load  was  received  and  roughly  the  number  of  square  yards 
the  load  was  made  to  cover.  The  plant  inspector  sends  his 
copies  of  the  load  reports  to  the  office  with  his  daily  report 
and  the  street  inspector  does  the  same  with  the  copies  that 
he  has  received  from  the  drivers. 

Street  Inspection. — The  street  inspector  is  required  to 
submit    a   daily    report   covering    the    work    done,    the    force 
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Fig.    3 — Load    Report    Form.         Fig.    4 — Laboratory    Report    Form. 

employed  and  the  materials  received  on  the  job.  The  work 
clone  must  be  so  described  that,  should  it  be  necessary,  the 
work  of  any  half  day  can  be  located  both  on  the  street  and 
in  the  plant  reports.  This  result  is  obtained  by  describing 
the  work  by  stations  which  have  been  chalked  on  the  curb 
at  regular  and  frequent  intervals  by  the  engineer  in  charge 
and  by  designating  by  load  numbers  the  mix  used  in  each 
section.  The  street  inspector  is  also  required  to  show  on  his 
report  a  fairly  close  estimate  of  the  yardage  of  top  placed 
during  each  half  day  and  to  give,  as  in  the  case  of  the  plant 
inspector,  a  brief  synopsis  of  any  and  all  orders  that  he  may 
(113) 
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.   to  take  .'i  least   two  si 
each  day  of  the  mlxtur<  red  on   t  h-    Btreet  and   to 

exact 
the  number   ol  the   loads   from    which    these   Bamplea    were 

tor   must    be 
ifflce  not  lati  i   than  9  o'clock  "t 
tag  the  da]  coi  ered  by  that  report 
the  asphaltlc  cement  and  of  the  Burface 
mixtui  u\  the  engi- 

the  work  to  the  City  (  bemist  tor  analysis 
ire  made  Immediately     end  the  results  re- 
alt  Laborato 
Fig.  4  ». 

Handling  the   Reports   in  the  Office.     In   t li » •  ofBce   tlie  load 
-  from  the  plant  are  checked  against  the  load  reports 
from  the  Btreet  and  then  destroyed.    The  load  reports  from 
con    dered     I  being    noted 

Any  load  leaving  the  plant  too  hot  or  received  on  the 
street  too  cold  is  listed  for  comment.  The  tonnage  tor  the 
day  is  compiled  next  and  checked  against  the  daily  report  of 
the  Inspector  at  the  plant.  Any  discrepancy  calls  for  an 
explanation.  The  tonnage  of  mix  used  is  then  divided  by  the 
total  yardage  reported  bj  the  street  Inspector  on  his  daily 
report.  The  result  must  at  least  be  equal  to  a  previously 
determined   weight  vard.     A   discrepancy   in   this 

results  in  a  "riot  call"  for  contractor,  inspectors  and  engi- 
neer-ln-charge  and  just  must  be  explained  or  rectified  The 
recorded  temperatures  of  the  asphaltlc  cement  are  rapidly 
considered  for  any  evidence  of  overheating  and  the  labora- 
tory reports  checked  over  as  to  grading  of  mix  and  amount 
and  quality  of  asphaltic  cement  These  things  can  all  lie 
done  by  the  secretary  if  the  city  Engineer  or  the  Deputj 
Engineer  are  busy  and  only  the  variations  noted.  The  re- 
mainder of  the  daily  reports  are  read  very  carefully  and  any 
job  that  seems  to  need  persona]  attention  is  visited  during 
the  afternoon. 

The  Report  Forms. — All  of  the  forms  used  for  the  above 
reports  are  uniform  in  size  and  as  simple  and  convenient 
as  possible.  This  uniformity  of  size  is  applied  to  specifica- 
tions, extra  work  orders  and  extra  work  reports,  thus  making 
it  possible  for  the  inspector  to  keep  all  his  data  and  reports 
between  the  covers  of  a  single  binder.  All  forms  are  made 
I  &%  in.  in  size — a  real  pocket  size — and  are  punched 
for  use  in  ring  binders.  Field  reports  are  printed  on  pale 
blue  and  laboratory  reports  on  a  light  orange  paper.  When 
the  job  is  complete  all  daily  reports,  field  notes,  written 
orders,  extra  work  reports,  construction  records  and  esti- 
mates are  bound  together  in  an  inexpensive  binder  and  filed 
away  to  form  the  office  history  of  the  job.  It  is  surprising 
bow  many  times  these  "histories"  are  needed  for  reference. 

Attention  is  called  to  the  fact  that  the  system  above  de- 
scribed Is  not  academic  but  rather  is  eminently  practical 
and  that  it  has  stood  the  test  of  three  years'  exacting  use 
without  any  serious  change  in  the  system  or  in  the  form.  It 
is  not  to  be  understood  that  this  system  will  BUpplj  ability 
that  may  be  lacking  in  inspectors.  No  report  can  possibly 
tell  how  well  the  requirements  of  the  specifications  as  to 
handling  material  or  as  to  raking  are  carried  out.  The  sys- 
tem will,  however,  from  its  very  nature  tend  to  increase  the 
inspector's  interest  in  and  application  to  his  job.  It  is  some- 
times objected  that  such  a  system  requires  too  much  time. 
This  objection  may  be  met  with  a  flat  denial.  Finally  it 
must  be  noted  that  the  ultimate  success  of  the  syste 
pends  upon  the  engineer  himself.  If  the  reports  an 
missed  with  a  careless,  cursory  glance  at  least  a  third  of  the 
bsolutely  wasted. 


Kentucky   Does   Away   with   Convict   Labor   on    Roads. — The 

1  Assembly  of  the  state  of  Kentucky  has  pi 

a  law  putting  an  end  to  use  of  convicts  on  road  work.     Under 

the   law   no  be   employed   outside  the   walls   of 

tory  except  for  the  purpose  of 

quarrying  or  mining  rock  or  other  mat  .    state 

■  i  i  be  capltol 
nlj  when  such  mire-  or  quarry  is  em 

Stale 
Board  a   to   emplo] 

for    the    pn 
at  lary  or  reformat*) 
i    public  pro] 
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Relation  of  Motor  Trucks  to  Highway 
Construction  and  Maintenance 

Abstract  of  a  Paper  Presented  at  the   19th 

Annual  Convention  of  the  American 

Roads    Builders'    Association 

By    i    9,    M.KAY, 

The  Hue  purpose  ol  an  Impro  ■   is  a  high  degree 

of  transportation    service  al    the   le  cost   to  the 

public  and  road  usei  Clearlj  a  traffic  census  Is  not  a 
panacea,  but  i  Insist  that  without  a  knowledge  ot  th< 

..I  a  givi  d 
tag  in  the  dark     The  actual  traffic  In  terms  ol   volume,  den- 

sity,  si i  and  unit  weights,  must  be  •  boratory 

and  experimental  as  a  guide  to  rational  design, 

of  research  is  valuable,  but  the  true 
worth  ol  both  cannot  be  realized  until  combined— in  other 
words.  Interpreting  the  results  ol  laboratorj  experiment  in 
terms  ol   vehi<  lea  on  the  highway. 

Careful  Analysis  of  Chief  Traffic  Element  Necessary.— Our 
state   and   nations  it    [n    bighway   systems    is  con- 

stantly Increasing  The  Investment  In  motor  vehicles  and 
the  automotive  industry   is  constantly   growing  steadily,     a 

..ireful   analysis    :n      I  the    chief    traffic   elements 

responsible  tor  Increased  construction  and  maintenance 
before   the   enactment  of  legislation    which   may.   while   pro- 
ng   the    highway,    prove    injurious    to   the   growth    of   a 
highway  trai  Ice,  and  detrimental  to  the  automotive 

industry. 

We  must  be  certain  of  our  facts  before  we  limit  the  traffic 
which  maj  pass  over  any  given  highway.  The  limitation  of 
wheel  and  gross  loads  must  be  based  on  definite  information. 
The  rapid  destruction  or  ruin  of  gravel  or  macadam,  and 
even  concrete  construction  under  heavy  traffic  does  not 
necessarily  mean  that  the  construction  of  more  durable  pave- 
ment types  I  essential.  It  is  conceivable  that  the  heavy 
freighting  v.  hide  is  not  an  economic  unit  load,  and  that 
ultimately  a  smaller  nnit  will  become  the  maximum. 

In  making  comparisons  of  the  economies  of  the  different 
methods  ot"  freight  movement  we  are  prone  to  make  com- 
parisons on  the  basis  of  operating  costs  alone.  The  true 
haulage  cost  must  be  based  not  only  upon  the  cost  of  opera- 
tion of  the  vehicle,  but  also  a  portion  of  the  cost  of  building 
and  maintaining  a  highway  for  the  movement  of  vehicles, 
and  must  be  included  as  a  cost  charge.  Naturally  this  cost 
increases  rapidly  as  the  unit  loads  increase.  Saving  in  trans- 
port costs  may  occur  when  heavy  vehicles  operate,  reducing 
the  freight  costs  by  a  few  cents  per  ton  mile.  On  the  other 
hand  a  decided  economic  and  social  loss  arises  when  new 
roads  must  be  built,  or  maintenance  costs  are  excessive,  due 
to  the  utilization  of  the  highway  by  heavy  vehicles.  The 
savings  in  operating  costs  of  a  few  cents  per  ton  mile  are 
more  than  offset  by  the  heavy  construction  and  maintenance 
charge,  li  is  no!  alone  a  question  Of  cost,  but  the  road  is  out 
of  service  which  Is  even  more  serious. 

Tire  Width  and  Weight  Limits.  It  may  be  thai  an  increase 
of  the  tire  width  per  .apa.iu  ol  trucks  to  carry  the  freight 
load  without  destruction  of  the  pavement  i-  the  solution.  It 
Is  possible  thai  the  tire  equipment  should  be  capable  of 
carrying  the  entir.-  load,  as  suggested  bj  Ml  Otto  Armleder, 
manufacturer  ol  This    would   solve    the 

proble i    overloading    on    the    real    axlo.    but    would    not 

reach  the  problem  ol  the  total  unit  weight  on  the  pavement, 
or  overloading  on  the  front  axil  A  Btudj  ol  the  compara- 
tive economies  of  3,  E  and  7-ton  trucks  with  regard  to  high- 
u.i\  construction  and  maintenance,  vehicle  operation  costs, 
and  service  time,  would  settle  this  controversial  point  and 
determine  the  maximum  economical  load  unit. 

Today  w .  |   adency  In  the  direction  of  restrictive 

the   total    loads   which    may   pass   over  our 
hlghwa  Lges.  The  classification  of  a  highway  system 

which  limits  the  gross  weight  to  12%  tons  on  a  very  small 
percentage  of  the  roads  of  a  state,  and  to  7%  tons  on  the 
balance  Ol  the  state  system,  definitely  limits  the  manufac- 
turer ol   trucks  to  a   limited  area  for  the  sale  of  heavy  v.hl- 

I wn   bi    i    interests   to  co-operate   In  the 

solving  of  his  difficult  problem  in  order  that  his  market  may 
1  i 
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not  be  restricted  beyond   reasonabli    limits      The  establish- 
ment of  weight  limits  per  Inch  ol  tire  width  must   be 

on  conclusive   evidence  and   resi 

The  manufacturer  of  trucks  cannot  afford  to  design  and 
market  vehicles  which  unduly  Inert  of  construc- 

tion and  maintenance  of  our   highways.     The  bighwa] 
neer  cannot  afford   to  build   toads   that    will   cripple  or   limit 
unduly    the   hauling    capacity    of   trucks.     There   is   a   joint 
enterprise,   a    movement   of   the   maximum    traffic   at   a    mini- 
mum C08t,  and   upon   its  successful  solution   rests   the  v 
of  both  the  public  and  the  vehicle  manufacturer. 

Truck    Transportation    and    Existing    Transport    Systems. — 

it  is  an  open  question  whether  or  not  the  ultimate  Bphere 
of  motor  truck  operation  is  to  be  competitive  with  or  sup- 
atarj  to  our  .visum;  transport  system  The  considera- 
tion of  this  problem  carries  with  ,t  tar  reaching  conse- 
quences, beyond  the  mere  comparisoi  i  move- 
ment of  freight  bj  one  or  the  othei  typi  ol  carrier.  The 
movement  of  freight  is  by  nature  monopolistic,  and  does  not 
permit  of  true  competition  Either  one  or  the  other  type 
of  transport  will  occupy  the  field  ["he  junking  of  our  rail- 
road investment  would  involve  the  destruction  of  propertj 
rights  representing  approximately  one  twenty-fifth  of  our 
national  wealth 

We  must  consider  the  relative  difference  in  the  invest 
ment,  comparing  a  large  railroad  system,  with  strict  govern- 
mental regulation  of  rates  and  service,  with  fleets  of  motor 
vehicles  in  which  the  investment  of  the  owner  is  small, 
with  an  absence  of  rate  regulation  or  guarantee  of  service. 
The  railroad  investment  is  permanent  and  cannot  move  to 
an  alternative  field,  it  must  operate  or  become  a  loss.  The 
commercial  vehicle  operator,  however,  may  move  to  alterna- 
tive fields  when  profits  fail.  This  naturally  would  endanger 
larantee  of  freight  service  which  is  more  fundamental 
a  question  than  cost. 

It  is  difficult  to  conceive  of  the  movement  of  heavy  freight 
of  low  value  by  truck  transport.  The  cost  of  moving  such 
products  as  coal  and  iron,  practically  limits  the  commercial 
truck  field  to  high  value  and  low  bulk  goods.  Can  the  rail- 
roads operate  profitably  moving  the  low  value  and  large 
bulk  commodity  goods  on  the  short  haul,  while  the  profitable 
business  is  absolved  by  the  motor  vehicles'.'  Any  compari- 
son of  the  two  types  of  transport  with  a  view  of  selection 
of  the  more  economical  type  involves  a  comparison  of  costs. 
In  such  an  analysis  we  must  not  forget  that  the  cost  of 
construction  and  maintenance  of  the  road  bed  in  both  i 
i>  a  part  of  the  charge  which  must  be  made  against  the 
freight  moved.  A  proper  share  of  construction  costs  and 
maintenance  costs  of  the  highway  must  be  paid  by  the  truck 
operator,  before  a  real  comparison  of  rail  and  truck  rates 
can  be  made. 

A  clear  analysis  of  all  the  factors  involved  must  be  made 
before  we  can  determine  whether  the  field  truck  operation 
as  a  carrier  is  to  be  competitive  or  supplementary  to  existing 
transport  systems. 

Unprejudiced  research  is  fundamental  in  the  attempt  to 
solve  these  many  difficult  highway  problems.  Supply  definite 
information  to  the  highway  engineer  with  the  assurance  that 
the  type  and  weight  of  traffic  will  not  change  over  night, 
and  he  will  build  safe  and  permanent  roads  able  to  carry 
the  traffic  at  a  cost  not  exceeding  the  service  value  of  the 
highway  to  the  community.  The  vehicle  manufacturer  in  all 
fairness  is  entitled  to  know  the  facts  upon  which  he  must 
design  and  build  trucks  which  will  meet  the  requirements  of 
a  constantly  increasing  highway  legislation. 

In  approaching  an  analysis  of  some  of  the  factors  involved 
in  highway  construction  and  maintenance,  and  motor  vehicle 
movement,  a  clear  picture  of  the  traffic  passing  over  a  given 
highway  is  essential  to  a  thorough  understanding  of  the  type 
of  construction  necessary  for  traffic  of  a  given  type,  giving 
at  the  same  time  a  definite  idea  of  the  regularity  of  motor 
vehicle   movement,   density,   weights   and   produce. 

Limitations  of  the  Traffic  Census. — A  traffic  census  may  be 
defined  as  "a  complete  summation  of  traffic  passing  over  the 
highways   of  a    given  area  during  a  definite  period  of  time." 

Every  traffic  census  has  certain  limitations  and  a  traffic 
census  based  on  the  following  plan  has  the  following  lim- 
itations: 

A  certain  portion  of  the  traffic  over  newly  completed  roads 
consists  of  "attracted"  traffic  from  other  routes  and  does  not 
represent  the  true  traffic  which  will  ultimately  pass  over 
the  particular  highway  observed.     Allowance  must  be  made 

(1 


tor  a  redistribution  of  traffic  when  parallel  highways  of  the 

i.  in  me  constructed. 

\\e  cannot  expect  that  a  summation  ol  vehicular  movement 

will  accurately    portray  future  traffic.     To  obtain  a  picture  of 

future    traffic    the    census    must    be    taken    at    given    intervals 

i  period  of  years  to  determine  the  percentage  increase 

of  each  vehicle  type.    The  potential  traffic  of  a  given  area  to 

supplement   the  actual  traffic  census  may  be.  obtained  by  a 

survey    of    the    agricultural    and     industrial     growth     of     the 

community. 

Only  in  a  general  way  will  the  census  data  answer  the 
question  of  the  Influence  of  of  traffic  on  the 

highway  without  maintenance  studios  of  the   same  road,  cor- 

1    with    Impact    studies.     To   be   able  to   interpr> 
rectly    the   weight    and   volume  data,   accurate   maintenance 
cost    studies   are   essential.      It    is   advisable   in   the   selection 
of  traffic  census  stations  to  place  them  on  highways  on  which 
maintenance  costs  of  the  various  types  ol  pavement  are  kepi 

The  tonnage   volume   and   wi  apacity    of   various 

vehicles  will  be  of  more  value  when  combined  with  impact 
Studies   showing   the   effect    on    differ  Dl    pavements 

by  impact  tests.  Being  given  the  result  of  Impact  studies  on 
the  several  road  types,  produced  by  the  different  vehicles. 
as  shown  by  the  census,  the  construction  engineer  can  be 
assured  of  the  type  of  highway  he  must  build  to  carrj  the 
traffic.  This  will  prevent  over  or  under  c, instruction  with  the 
economic  wastage  occurring  in  eithei 

In  the  past,  traffic  censuses  have  been  taken  by  state  high- 
way departments  largely  for  the  purpose  of  determining  the 
number  of  vehicles,  passengers  and  types  to  indicate  numer- 
ical movement.  Generally  such  survey  occurred  during  den- 
sity of  movement  and  for  short  periods  of  time.  In  a  few- 
cases  the  period  of  the  survey  was  longer,  while  in  one  case 
actual  weights  were  recorded. 

The  Main  Purposes  of  a  Traffic  Census. — In  the  belief  that 
the  expense  of  taking  a  traffic  census  should  produce  more 
than  surface  results,  and  that  the  importance  of  the  proh- 
lems  involved  call  for  definite  information,  the  following  out- 
line of  traffic  census  is  evolved. 

The  main  purposes  of  a  traffic  census  may  be  summarized 
as  follows: 

An  aid  in  determining  the  economic  value  of  a  highway. 
Three  principal  factors  enter  into  the  valuation  of  a  highway 
improvement.  The  increase  in  land  values,  highway  service 
value  in  terms  of  passenger  and  freight  ton  miles,  and  the 
general  value  to  a  community.  The  only  method  of  obtain- 
ing passenger  and  freight  ton  miles  is  by  means  of  a  traffic 
census  for  a  definite  period  translated  into  yearly  traffic. 

Classification  of  vehicular  traffic.  A  classification  of  traffic 
of  the  several  types  is  useful  in  formulating  traffic  regula- 
tions, and  to  some  extent  in  determining  the  percentage 
source  of  revenue  from  highway  user:  in  accordance  with 
their  actual  use  of  the  highway. 

To  determine  gross  truck  weights  and  overloading  per 
truck  capacity.  Weight  and  speed  are  guides  to  design, 
pavement  selection,  limitations  of  grade  and  alignment.  The 
facts  as  to  overloading  per  capacity  can  only  be  determined 
by  a  knowledge  of  front  and  rear  axle  distribution  of  weight 
in  terms  of  loads  per  inch  of  tire  width  It  is  not  merely  a 
problem  of  loads  beyond  a  given  maximum,  hut  the  real 
difficulty  lies  in  overlooking  beyond  truck  capacity. 

Distribution  of  construction  and  maintenance  funds.  To 
distribute  maintenance  and  construction  funds  in  a  fair  pro- 
portion to  traffic,  we  must  know  the  volume  and  type  of 
traffic  on  the  different  highways.  The  greater  the  volume  of 
traffic,  logically  the  greater  the  per  cent  of  construction  and 
maintenance  funds  allocated. 

To  determine  traffic  density  and  truck  body  widths.  The 
peak  of  traffic  hourly,  daily  and  during  the  season  is  essential. 
Peak  density  and  speed  influence  width  of  pavement  and 
determines  the  maximum  width  necessary  to  carry  the  peak 
load.  A  direct  ratio  exists  between  vehicle  body  widths  and 
pavement  width.  Pavement  width  increases  with  the  in- 
creased speed  movement  of  the  vehicle,  particularly  when  the 
load  is  heavy. 

Seasonal  and  yearly  traffic  volume  and  density  enable  a 
prediction  in  a  general  way  of  future  traffic. 

To  determine  the  vehicular  movement  of  freight.  Infor- 
mation as  to  regular  and  irregular  trucking  lines  throws 
light  on  the  proportion  of  regular  freight  movement.  This  is 
particularly  valuable  in  the  industrial  states  of  the  east  and 
northeast.    The  average  length  of  haul  of  commercial  freight- 
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ing  Indicates  the  Beld  ol  competition  ol  the  truck  and  rail- 
road, whether  the  short  or  long  haul.  The  type,  volume  and 
value  ol  commodities  moved  Indicate  the  commodity  com- 
petition and  the  per  cent  of  high  value  and  small  bulk 
freight    moved    as    compared    With    low    value    and    large    linlk 

freight.    Th-  lelivery  time  ■■  rapidity  ol 

tent  of  commi  rcia]  freight  sei 

Information  relative  to  truck  ope  and  freight 

i  properl]  lie  in  the  Beld  ol  a  traffli  census,  but 
must  be  made  through  Independent  Bi 

Idea.  These  daTa  must  necessarily 
be  obtained  al  the  Bame  time  the  census  is  recorded  to  check 
each  vehicle  observed  in  the  Bpeed  ti  i  with  the  data  ob- 
tained  at  thi  tatlon.     The  recording  ol  the  license 

number  In  each  case  permits  the  determination  of  capacity 
ami  weight,    "iii is  Information  is  useful  In  the  formulation  of 
regulations  and  their  enforcement. 

Bases  of  the   formulation  of  traffic   regulations  and 
enforcement.      The    information    as    to    wight,    overloading, 
•ndition,  body  widths  and  speed  not  only  afford  a  rea- 
sonable basis  of  traffic  regulation,  but  is  the  data  upon  which 
emenl  depends 

With  those  purposes  In  mind  a  comprehensive  study  of 
highway  traffic  was  conducted  in  the  Slate  of  Connecticut 
during  August  and  October  of  1921  bj  the  Connecticut  High- 
way Department  in  co-operation  With  the  Bureau  of  Public 
Roads.  This  survey  consisted  ot  two  traffic  censuses  con- 
ducted on  two  of  the  principal  highways  of  Connecticut 
according  to  a  plan  I  had  outlined  as  the  basis  of  a  model 
traffic  census,  and  was  put  into  operation  by  Highway  Com- 
missioner Bennett  of  the  State  of  Connecticut.  Each  sur- 
vey covered  a  period  of  two  weeks,  and  included  two  night 
surveys  to  determine  the  per  cent  of  night  movement.  Scales 
were  installed  by  the  Connecticut  Highway  Department  on 
the  road  side  by  means  of  which  the  actual  weights  of  trucks 
were  obtained. 

Interests  of  Engineer  and  Motor  Vehicle  Practically  the 
Same.— The  production  of  highways  and  of  vehicles  which 
utilize  our  highways  represent  two  industries  in  which  the 
yearly  im .stment  exceeds  by  far  any  other  two  industries  in 
the  United  States.  The  past  few  years  have  witnessed  a  tre- 
mendous growth  of  new  highway  construction  and  the  volume 
and  types  of  vehicles  using  our  roads.  The  interests  of  the 
highway  engineer  and  the  producer  of  motor  vehicles  are 
largely  the  same.  The  one  to  construct  and  maintain  high- 
ways which  will  carry  a  maximum  of  traffic  of  economical 
weight  units  at  a  minimum  cost.  The  automotive  manufac- 
turer to  produce  vehicles  which  will  move  the  traffic  at  a 
minimum  cost  and  with  the  least  damage  to  the  highway. 
We  cannot  afford  the  waste  of  building  roads  to  carry  all 
of  traffic  and  unlimited  loads,  nor  can  we  fit  the  vehicle 
to  all  types  of  highways.  It  is  a  combination  of  both,  the 
building  of  suitable  and  satisfactory  roads,  and  motor  vehi- 
cles of  the  proper  construction  and  weight.  This  is  a  joint 
industry  of  the  road  maker  and  the  road  user  with  a  common 
the  production  of  transportation  at  a  minimum  cost. 

Naturally  in  any  industry  whose  growth  has  been  as  rapid 
as  the  development  of  our   highway   system,   abuses   arise. 
Difficult    problems   develop   upon   whose   successful   solution 
the  lontinued  support  of  public  approval.     We  have  at 
in    the    highway    industry,    many    unsolved   problems 
of  highway  economics  and  engineering  which  require  imme- 
diate   consideration.      Intricate    problems    of    finance,    trans- 
portation,   valuation,    construction    and    maintenance,    are    a 
constant  challenge  to  research  in  the  field  ol  high  economics. 
This  is  a  major  field  of  operation  and  calls  for  the  mutual 
co-operation  of  all  people  interested  in  seeing  the  creation 
•  and  continually  usable  roads  at  a  minimum  of 

The  Two-Fold  Problem  of  Road  Construction. — One  of  the 
most  serious   difficulties   confn  highway   enj 

today  Is  the  construction  of  roads  which  will  remain  In 
ence  long  enough  to  justify  thi  I    and  al  the  same 

mmerlng   of    the    Bteadily    Im  i 
to  «  blch  thi  igi  ade  are 

subjected.    This  pn   entt  a  two-fold  proble 
bin  of  excessive  loads  al.  D  maximum  weight  which 

in   the   premature  destruction   of   the    highway,     in 
manufactured  w  ere 
The   California    Highway   Comn 

•    mu   t  be  in 
iductlon,    it    follows   that 


only    about    i    per   cenl    ol    the    vehicles    using    the    California 

tat    highways  ai-  led  beavj   dutj   type.     Hlghwaj 

action,  like  any  other  governmental  activity,  is  based 
on  public  necessity  and  this  necessity  should  he  met  reason- 
ably when  highways  are  built,  ad.  quate  to  sustain  90  per  cent 
of    the    traffic.      This    percentage    would    include    all    motor 

vehicles,    unhiding    the   -i capacity      Assuming    $:io,ooo 

per  mile  ■>     adequati    to     isl  I  per  i  enl  ol  the  vehicular 

traffic  "t  Hi"  Btate  and  $60,1 n   mile  I netrucl  a  high- 

•  Inch   will   sustain   th.-   weight  required  by  10  per  cent 

avj    duty    tnieks.    should    th.-    general    taxpayer    be   re- 

quired  to  invest  an  additional  >•''■  pei   cent  In  road  construc- 

tion  for  He    primary  benefit  of  this  particular  call  of  heavy 

vehicles?" 

We  musl  fullj  recognize  th.   neci     Itj  ol  automotive  trans- 

'  Ion,    and    th.'    need    foi     construction    which    will    carry 

modern  traffic,  but  first  ■■•■..  rmlne  the  economic  load 

units,  and  second  eliminate  overloading.  The  weight  of 
Single  units  and  Bpeed  are  the  two  essential  points  of  diffi- 
.  ulty.  Th..  greater  tie-  Bpeed  >.i  heavy  leads  the  more  damage 
to  the  highway.     Th..  rate,   of   damage   to   th,.    road    with   an 

ii i    is    altogether    oul    of    proportion    to   the 

economies  gained  by  taster  movement 

lb'  la.  t  that  pneumatic  tires  are  found  on  the  smaller 
ty  vehicles  should  seem  to  eliminate  the  use  of  the 
pneumatic  tire  as  a  solution.  Reduction  of  speed,  elimina- 
tion of  overloads,  and  restriction  of  gross  tonnage  and  an 
increase  in  depth  and  width  of  solid  tire  equipment  will 
reduce  highway  damage. 

Load  Classification  of  Roads. — The  majority  of  heavy 
movement  occurs  on  our  trunk  highways  usually  between 
industrial  centers.  There  is,  however,  some  movement  of 
heavy  loads  on  our  secondary  highways  and  generally  the 
result  is  ultimately  the  destruction  of  the  highways.  Under 
adverse  weather  conditions,  a  single  trip  of  a  heavy  load 
over  roads  built  to  carry  light  traffic  results  in  its  destruc- 
tion. An  example  of  what  may  occur  was  shown  during  the 
"Ship-by-truck"  week  a  little  over  a  year  ago  when  an  at- 
tempt was  made  all  over  the  country  to  relieve  the  railroad 
freight  congestion.  The  destruction  of  highways  unable  to 
maintain  heavy  traffic  more  than  offset  by  many  millions  of 
dollars  the  economies  which  resulted  by  relieving  the  rail- 
roads of  their  freight  congestion. 

It  is  not  contemplated  that  we  will  ever  construct  our 
secondary  highways  to  carry  the  maximum  loads  imposed 
on  our  primary  roads.  To  prevent  the  destruction  of  our 
secondary  systems  by  heavy  trucking  vehicles  and  loads,  a 
classification  of  highways  is  necessary  limiting  the  maximum 
weight  of  vehicles  moving  over  each  road  classification.  The 
Wisconsin  Highway  Commission  recently  put  into  operation 
a  classification  of  highways  with  the  object  of  regulating 
track  weights  on  its  trunk  highways  and  secondary  roads. 
Class  A  roads  limit  the  loads  t..  12  tons,  while  class  B  roads 
limit  the  load  to  7Vi  tons.  The  majority  of  Wisconsin  high- 
ways, primary  and  secondary  at  the  present  time,  fall  under 
class  B.  Class  A  roads  consist  of  the  more  durable  construction 
while  (dass  B  consists  of  tin-  less  durable  types.  Strict 
supervision  of  the  weights  of  vehicles  using  the  highway. 
and  ii  vere  penalties  for  violation  of  such  a  classification 
are  essential  in  order  to  compel  obedience  to  the  law  regu- 
lating the  maximum  and  capacity  weights  which  may  move 
over  each  class  of  highways. 

In  Maryland  all  loads  in  excess  of  10  tons,  vehicle  and  load, 
are  forced  to  unload  excess  w  Ight  al  mice,  leaving  it  on 
the  highway.  Ohio  orders  overloaded  trucks  off  the  road. 
Cross  weight  limits  in  the  various  states  range  from  6V4. 
tons  maximum  in  Vermont  to  1".  tons  maximum  in  California, 
Michigan  and  Ww  Jersey.  Aboul  one-half  of  the  states 
Bpecify  a  maximum  load  per  Inch  of  tire  width  ranging  from 
500  lbs.  per  Inch  in  Idaho.  Oregon  and  Texas,  t.>  800  lbs  per 
in.h  in  Connecticut.  Illinois.  Iowa,  Ww  Jersey,  New  York. 
Pennsylvania,  Washington.  Wisconsin,  Minnesota,  Massa- 
chusetts.  Maine  and    Kent 

Road  Factors  that  Must  Be  Considered  in  Load  Regula- 
tions.—Regulations  as  to  gross  weight  and  overloading  must 
take  into  consideration  i» ad  factors  First,  the  differ- 
ence in  load  types,  permitl  i  r  gross  loads,  and  loads 
per  Inch  ol  tire  width  on  the  more  durable  types,  limiting 
both   grosi    i.'.oi   .Hid   weight   of   wheel   load   on   less  durahle 

-'•  .  end.    in    those    states    in    w  Inch    111  I    ider 

able  climatic  variations,  restrictions  should  be  Imposed  dur- 
ing  the   early    spring,    when    the    pavement    Is 
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destroyed  than  later  when  the  frosl  has  disappeared  and  the 
io;ul  is  not  susceptible  u>  injury. 
The  second  phase  is  the  problem  ol  overloading  per  truck 

ity.  My  analysis  deals  primarily  with  this  problem, 
which  is  by  tar  the  mo  I  ["be  limitation  ol  loads 

to  a  maximum  ol  25,000  lb.  does  not  prevent  the  overloading 
of  trucks  whose  rated  capacity  talis  below  the  maximum 
.  Ision. 
in  the  Connecticut  Censuses,  at  each  ol  the  stations,  the 
width  ol  tire  was  taken  by  measuring  the  impression  made 
bj   the  « heel  load,  tronl  and  rear, 

pression  paper.  The  front  and  rear  axle  weight  was 
procured  in  order  to  determine  the  total  load,  and  distribu- 
tion "i  lead,  on  the  front  and  rear  axle.  These  figures 
enabled  me  to  determine  the  wheel  load  per  inch  of  tire 
width   tor  each   truck,  make  and   capacity.     The  make  and 

[\    of   the   truck   were  necessary   in   order   to   compare 
the    manufacturer's   total   weights,   and    percentage   distribu- 
tion of  weights,  front  and  rear  axle,    'i'li  the  actual 
recorded,  to  arrive  at  the  overloads  per  capacity. 

Limitations  of  Analysis  of  Overloading.  An>  analysis  of 
overloading  has  certain  limitations  in  the  present  state  of 
highway  research.  (1)  The  lack  of  maintenance  cost  studies 
ol  the  highways  on  which  the  surveys  occurred,  does  not 
permit  of  establishing  accurately  the  direct  relationship 
which  exists  between  overloading  per  capacity  and  high 
maintenance  costs;  (2)  the  effect  of  overloading  on  the 
pavement  and  subgrade  can  best  be  shown  when  correlated 
with  impact  studies  of  the  several  pavement  type 
criticism  of  the  overload  data  on  the  basis  ol  the  standard 
used  in  determining  overloads.  The  weight  standard  used 
to  determine  overloads  for  each  make  and  capacity  consists 
of  a  summation  of  the  manufacturers'  1920  weights  to 
chassis,  body,  and  rated  capacity,  giving  the  total  weight 
when  loaded  to  capacity.  The  percentage  distribution  of 
weight  recommended  by  the  manufacturers  of  truck  tor 
front  and  tear  axle  load  is  used  as  a  standard  for  determin- 
ing overloads  on  the  front  and  rear  axle.  In  order  to  be 
conservative  5  per  cent  of  the  total  chassis,  body  and  capacity 
weight   was   added  to  the  manufacturers'   given    weight   and 

as  the  standard  for  computing  total  overloads  per 
capacity.  One-half  of  this  5  per  cent  was  added  to  the  front 
and  rear  axle  standard  weights  in  arriving  at  overloads  for 
the  front  and  rear  axle.     For  example,  if  the  chassis  weighs 

7. II...   the    body    1,600   lb.,    capacity    7.000    lb.,   a    total    of 

15.600  lb.,  5%  of  15,600  lb.,  or  780  lb.  was  added,  making  a 
standard  for  total  overloads  for  this  capacity  of  16,380  lb. 
In  addition  390  lb.  was  added  to  the  front  and  rear  axle 
weight,  and  the  totals  used  as  a  standard  for  judging  the 
front  and  rear  axle  overload.  This  basis  seemed  fair,  and 
even  an  allowance  of  10  per  cent  would  have  made  little 
material  difference  in  the  result. 


Much  Lower  Bids  Made  for  Construction  of  Hard  Roads. — 
Early  bids  for  the  construction  of  federal  aid  roads  indicate 
thai  prices  during  the  coming  season  will  be  materially 
lower  than  last  season,  according  to  reports  received  by  the 
Bureau  of  Public  Roads  of  the  United  States  Department  of 
Agriculture.  While  bids  have  not  been  received  on  any 
large  volume  of  work,  there  is,  however,  enough  to  indicate 
a  lower  level  of  prices.  Grading  has  been  bid  at  20,  23%, 
and  30  cts.  a  cubic  yard   in   Missouri.   Art  Minne- 

sota, respectively,  as  compared  with  an  average  of  35  cl 
the  section  in  which  these  states  are  located  in  1921.  Prices 
of  reinforcing  steel  in  place  range  around  6  cts  as  com- 
pared with  the  1921  price  of  S  or  9  cts.,  and  bridge  stei  1  at 
inst  7  to  S  cts.  A  few  bids,  for  the  best  grade  of 
concrete,  of  about  $17  a  cubic  yard  have  been  received  in 
sections  where  the  1921  price  was  about  |25  a  cubic  yard. 
Prices  bid  for  the  construction  of  concrete  roads  per 
yard  are  as  follows:  Ohio  $1.52,  Colorado  $2.27,  and  Georgia 
$1.38,  as  compared  with  an  average  for  the  whole  country 
during  the  period  1916-1920  of  $2.57  a  square  yard. 


Carnegie  Corporation  to  Found  Economic  Institute. — The 
Carnegie  Corporation  of  New  York  announced  the  establish- 
ment of  an  Institute  of  Economics  which  will  undertake  to 
supply  to  private  individuals,  business  concerns  and  to  Gov- 
ernment officials  reliable  information  on  all  economic  ques- 
tions. To  finance  the  new  institution  the  Carnegie  Corpora- 
tion of  New  York  has  set  aside  $1,600,000.  This  is  expected 
to  pay  the  costs  of  the  undertaking  for  10  years. 
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Selection  of  Mineral  Aggregates  for 
Concrete  Roads 

Test  Methods  and  Results  and  Principles  Which 

Should  Govern  Selection  and  Use  of  Aggregate 

Described    in    Paper    Presented    Jan    19, 

3efore   the   American    Road    Builders 

Association  Good  Roads  Congress 

By  DUFF  A.  ABRAMS. 

or    ir.    Charge    Strui  tui  boratory, 

[nstitute,   Chicago. 

The  aggregate  comprises  about  so  to  85  per  cent  of  the 
total  volume  of  materials  used  in  concrete;  consequently 
this  type  of  material  is  of  considerable  interest  to  all  who 
are  engaged  in  concrete  road  construction.  On  account  ol 
reat  weight  and  expense  of  shipping  long  distance,  it 
is  essential  that  aggregates  near  at  hand  be  used  if  they 
are  at  all  suitable.  Due  to  the  almost  endless  variety  ol 
materials  available,  the  preparation  of  a  proper  specifica- 
tion and  methods  of  test  are  most  complicated.  The  require- 
ments to  be  met  must  be  dictated  to  a  certain  degree  by 
local  renditions  and  economic  considerations.  Many  re- 
searches both  in  the  field  and  in  the  laboratory  have  been 
carried  out  during  the  past  few  months  or  are  now  under 
way  which  throw  much  light  on  the  proper  requirements  for 
aggregates  for  concrete  roads. 

General  Requirements.— Aggregate  for  concrete  road  con- 
struction must  be  clean,  structurally  sound  and  inert  in 
the  presence  of  cement  and  water.  These  properties  imply 
also  a  certain  quality  which  we  may  term  weather-resist- 
ance. A  wide  variety  in  size  and  grading  may  be  used  with 
satisfactory   results. 

A  digest  of  the  specifications  for  concrete  roads  of  the 
State  Highway  Departments  shows  that  about  80  per  cent 
of  the  states  have  some  requirements  for  the  abrasive  re- 
sistance of  coarse  aggregates.  Generally  the  minimum  size 
of  coarse  aggregate  is  placed  at  %  in.  and  the  maximum 
size  at  1%  to  3  in.  The  requirements  for  fine  aggregates 
are  somewhat  less  specific;  the  grading  is  generally  specified 
as  finer  than  \i  in.  In  some  instances  certain  requirements 
tor  smaller  sieves  are  included.  Mortar  strength  tests  are 
generally  required. 

Aggregate  Tests. — Tests  of  concrete  aggregates  are  made 
for   two   distinct   purposes: 

( 1 )  To  establish  underlying   principles,  and 

(2)  To  determine  whether  a  given  sample  conforms  to 
certain    predetermined    standards. 

The  two  purposes  in  testing  mark  the  distinction  between 
research   and   inspection. 

Tests  of  aggregates  have  been  undergoing  marked  changes 
during  the  past  few  years.  The  earliest  tests  of  coarse  ag- 
gregate were  adapted  directly  from  those  made  on  rocks  for 
macadam  roads.  Experience  has  shown  that  the  tests  for 
hardness,  toughness  and  cementation  value  are  of  little  use 
in  judging  of  the  quality  of  an  aggregate  for  concrete. 

It  is  unfortunate  that  standard  tests  for  concrete  aggre- 
gates have  not  thus  far  been  developed  and  generally  ac- 
cepted. The  American  Society  for  Testing  Materials,  the 
Bureau  of  Public  Roads  and  other  organizations  have  done 
much  toward  standardization  but  much  remains  to  be  done. 
In  view  of  the  absence  of  generally  accepted  standard  tests, 
I  can  probably  do  no  better  than  to  describe  the  tests  used 
in  the  Structural  Materials  Research  Laboratory,  Lewis  In- 
stitute, Chicago. 

Tests  at  Lewis  Institute.— Several  thousand  sample  of 
both  fine  and  coarse  aggregates  from  aS  sections  of  the 
United  States  have  been  subjected  to  test  during  the  past 
seven  years.  In  many  instances  samples  were  sent  in  by 
engineers  or  contractors  from  concrete  road  jobs.  Large 
numbers  of  samples  were  collected  especially  for  research 
purposes.  The  methods  of  the  American  Society  for  Test- 
ing materials  have  been  followed  where  such  methods  have 
been  recommended.  It  should  be  noted,  however,  that  in 
many  instances  the  A.  S.  T.  M.  methods  have  only  recently 
been  published  as  tentative  standards  and  there  has  not 
been  sufficient  time  for  them  to  come  into  general  use. 

17) 
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ggregates  are  subjected  to  the  tollowlng  tests:  r.\>  Diameter  of  screen. 

(4)   Length  of  screen. 
I   Inclination  of  screen. 

Silt— I^oss  ol   ■                     -gram  aampli                                 •     hallow  (6)    Rata  ot  rotation. 

pan  .                         «rasb  water      (Follow    A    S    T.   M    Standard  i  T  >   Kate  of  feed. 

Method  for  Teal  I                                     and  SHI  in  Sand  >  im    \\,.|   ,,r  dry  screening. 

Unit  \\  ■  ght-  Puddii    into  1  10  cu    i  i„  other  words,  a  Bleve  analysis  under  standardized  oon- 

'     v    s     '      '                                                         '  ""  ditlona  is  necessary  to  give  the  actual  sizes  of  material  pro- 

welgm                                                                   .^,,„„  ,1V  dneed,  although  it  may  have  been  screened  at  the  plant. 

'"T,  SIToJS:         There  IB  a  marked  I  to  go  to .larger  .„.;  so. 

Sands  for  Con-  coarse  aggregate  In  concrete   roads;    a  number  of  specifica- 
tions now  admit  aggregate  up  to  3  In.;  this  tendency  should 

:i    ;  i        i aconr,aged 

and  88  days,  UBlng   1-3  mix  b;    weight  and  i  Silt   in  Sand.— In  usual  concrete  work  a  small   percentage 

(Follow  of  8iIt  jn   sand   |8   nn,                               S1,   iong  a8  n  d0es  not 

1  1'"rt,:""1  contain  organic  impurities  and   providing  an  excess  of  mix- 

;  "v  '  ing  water  is  not  used.     However,  in  the  wearing  surface  of 

Coarse  aggregates  are  subjected  to  the  tollowlng  tests,  so  ,,,„„.,,.,,.    roads,   altt   is  especially   objectionable,   since   it  is 

far  as  the  quantit]   of  material  permits  likely  to  be  drawn  to  the  surface   in   finishing,   hence   pro- 

i   i, uni  i     S    Standard  Sieves  Nos.  during  a    weak   and   friable   concrete   where   concrete  ot  the 

,    i«.  and  Itt   in.     (Follow    \    S.   T     M.  Tentative  highest  quality  is  needed.     The  iiuatitity  of  silt  should  not  be 

dard.)  greater  than   3   per  cent   by   weight.     If  sands  of  higher  silt 

UMt   WeJght-Pudal.  wit*   l  .....    •     cu    U    •••'...dr..,,  '"f™"  '"  eontenv    must    be   used,   the    following   precautions   should   be 

(Follow  A.  s    T.  M.   Method  of  Test  for  Unit  Weight 

ite  for  Concrete. 1  ?"'„    *            ,                                       _,   . 

..1    abn.sion    tests:    Follow    A.    S.    T.    M.    Standard  (1)   Reduce  the  quantity  of  sand  to  a  minimum. 

method  II  aggregate  is  satlafaotoi                        therwlse  use  test  (2)   Reduce  the  quantity  of  mixing  water  to  a  minimum. 

...    M.ittlmore  or  Abrams.  (3)   Work  surface  as  little  as  possible  in  producing  a  finish. 

ength— Compn                      o(  6  by  12-in.  concrete  cyl-  »j>he  quality  of  concrete   will   In   any   case  be  improved   by 

ee  of  T  and  2S  days,  aslng  1    1  mix  with  local  con-  tollowlng    (1)   all','    1 'J  )   above. 

md,    graded    up    to    Xo.    4    sieve       Make    5    cylinders    on  Unjt    Wej           Qf   A           gate       Tne    unU    welght    of   aggregate 

"'"',   '•'';V:',"'  ,,:".•,'"    '"l"1  '-'    'a"r'  concr  ?  18   ^   general  of  little  value   except   as   a   means  of  arriving 

Tentat  ve    Methods    of    Making   Compression    Tests    of    Conci.-t,  "                                                             « 

f  the  A    ST   M  )  '"    '        Quantities   of  materials   necessary   for  concrete   of   a 

Wear  of  Concrete— Use  S  by   8   by   B-ln.   blocks    in    Talbot-Jones  given   mixture.     In   the  case   of  slags  and  aggregates  of  un- 

rattler;    1-4    I                                                                        '    -s    days.  usual   types,   the   unit   weight   may   be   of   value   in   furnishing 

Mold  specimens  in   m.tal   forms  and   mush  by  hand.     Make   5  some  notion  of  the  character  of  the  material.     The  old  notion 

nens.  that  heavy  aggregates  are  bettor   than   light   ones   has   little 

Sieve   Analysis  of   Aggregates.— The   sieve   analysis  of   ag-  basig  in  fact 

gregat- s    is    important,   but    it   must    bo    propcrh    interpreted.  Organic   Impurities   in   Sands.     Organic   impurities   in   sand 

Good  concrete  can  be  produced  of  aggregate  of  almost  any  is  objectionable,  due  to  the  fact  that  such  materials  either 

lit    of   good   structural   quality)    providing  greatly  retard  or  entirely  prevent  the  setting  and  hardening 

acteristics    are    taken    into    account    in    designing  of  cement.     Such  impurities   generally  come  from   careless- 

the  mix  to  be  used.     The  division  of  aggregate  into  fine  and  nosg  in  stripping  the  overburden  from  sand  and  gravel  pits. 

coarse    is    largely   arbitrary,    but    should    be    preserved    as   a  The  colorimetric  test  with  sodium  hydroxide  which  origi- 

means  of  securing   uniformity    In   the   grading   of   aggregate  nated  in  this  laboratory  is  becoming  generally  accepted  as  a 

in  successive  batches  of  concrete.  satisfactory   criterion  for  this   purpose. 

The  practice  of  mixing  fine  and  coarse  aggregates  in  fixed  Mortar  Strength  of  Fine  Aggregate.— The  compression  test 
proportions  without  regard  to  size  and  grading  should  be  is  nuIch  to  be  preferred  over  the  briquet  test  for  mortars, 
discouraged.  A  number  of  researches  have  been  published  T1|(,  comparison  with  1:3  standard  sand  mortar  at  7  and  28 
during  the  past  2  or  3  years  which  indicate  methods  of  days  gives  valuable  information,  providing  the  test  is  prop- 
dealing  with  this  problem;  all  Buch  methods  are  based  on  erly  interpreted.  If  three  sands  give  mortar  strengths  of 
[eve  analysis   of  the   aggregate,      Elaboration   of   these  70  per  cent,  100  per  cent  and  130  per  cent  of  standard  sand, 

ids   is  not   within   the     CO] 1    thl  it  does  not  follow  that  concrete  made  from  these  sands  Will 

The    following    from    the    ten!                              ons    of    the  show  the  same  strength-ratios.    In  fact,  they  will  shov 

Join-  1                                                Reinforced  1  oncrete  seems  ,)(^  100  and  llfJ  per  cent     The  reason  for  this  lies  In  the  tacl 

to  pla<                   ding  of  fine  aggregate  on  a   proper  basis:  iu   concrete  the  sand   is  only,   say,  one-third  the   total 

"Fine  aggregates   shall   range   In   size  from  fine  to  coarse,  aggregate,  hence  difference  in  strength  of  concrete,  due  to 

preferably  within  the  following  limits  variations  in  the  sands,  may  be   expected   to  be  only  about 

Passing  through  No.     4  sieve— not  less  than  95  per  cent.  nl,,.  lhird  those  found  in  sand  mortars      Sands  which  fall  be- 

through  No  50  sieve— not  more  than  30  per  cent.  iow  standard  in  mortar  tests  may  be  used  with  good  results. 

It  v.             ■    ted  thai  the  grading  Is  nol   mandatory;    If  fine  providing  the  mixtures  are  modified  accordingly. 

aggregate  of  othei                                   d    the   proportions  of  ce-  Abrasion   Test  0f   Aggregates.     While   the   abrasive   reslst- 

ui'-n-                      negate  and  water  should  be  BUCh  as  to  give  ance  Qf  coarse  aggregates,  as  determined  in  the  Deval   ma 

conor-                    desired  strength.  t,him,    jg  genpi                     ,.(]    jt   si10Uld  be  stated  that  many 

The    wrltei     wishes    to    urge    the   general    adoption    ol    the  engineers    are    beginning    to                              value    in    selecting 

sieves  named  above  for  concrete  aggregate.    They  now  have  materials  for  concrete  roads.     In  general  the  standard  test 

the  Bureau  of  Standards,  the  A.  S.  T,  M..  the  {o).  macadam  rocks  cannot  bo  made  through  inability  to  se- 

J°»n'                                                                               '    Concrete,   as  cure  pieceg  ,arge  enough;    ,,„.   ,,.  ,    ,..   ,„oaningless  when  ap- 

well                                                                                          ■" 1  |llied  to  pebbles.     These  conditions    Law  led  to  the  use  of 

a  scientifically  sound   basis   in   thai    the   width   of  the  clear  modiflcatlong  of  the  old                         t.     Three  modifications 

openings  of  1                              ictly  double   the  width  of  the  have   been   extenSively  studied    In    this   laboratory. 

next    smaller   o„.                                                  nine    to    wire  The   abra8lon    lest8   maj                    rlDed    briefly  below.      All 

r  in  the  different  sieves  follow  .-,  definite  law.  methods  use  the  Standard  Deval  machine,  run  at  30  r.p.m. 

In   this  connection   it    may   be                                     I    words  on  The   per  cent   Of   wear   is   in   all   eases   based  on  material   re- 

tloned   above  and  ject,.,i  by  the  1/16  in.  mesh  Bleve  alter  test. 

produced  by  commercial  screens  Cham 

X    Little   consideration    will    >l,,,w.  ^    fnr 

investigations   of   the   Bureau    of    Public    Koads    have    proven  '  l'"h 

that  the  size  of  

Is  determined  bj   one  or  more  of  the  following  fai 

.    ;                    .-  ,,1    the   01  ■  ed)  . ...... ...B.000 

mtisuai    weijfmi 

1 1 1  Thickne      ol   plate  ...  ih  in.. 

.    Iron     balls,     17»     In.     dlftn. 

.lis, 
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revoluii  nil    method    re- 

thi  L 

screens. 

4.000-gm.  sample  (or  equivalent   volume); 

to  ltt  In.: 
u  I  -Iron    be  i 
itlons. 

The  last  method  has  the  merit  that  it  ran  be  made  In  1 
hour,  whereas  the  other  tests  require  over  5  hours.  This  Is 
our  principal  justification  for  proposing  this  method.  The 
sieve  sizes  conform  to  the  U.  S.  Standard  and  the  percent- 
i  material  of  different  sizes  an  smh  they  can  be  se- 
lect.'d  from  nearly  any  sample  of  crushed  material  which  is 
presented  for  test. 

The  relative  wear  produced  by  the  various  tests  may  be 
shown  from  the  following  values  which  were  secured  from 
parallel  tests  in  a  recent  investigation: 

, Relative  Wear , 

Sand- 
Limestone.  Trap.  Granite,  ston> 

Method.                                                                                   11  (3) 

\    s    T.   M 100          100          inn          100  100 

505           400         1160          6S6  167 

Mattlmore     315  223 

-     250                                          513  :i 

The  per  cent  of  wear  of  each  material  by  the  A.  S.  T.  M. 
.Method  was  taken  as  100.  The  numerous  inconsistencies 
in  the  table  are  probably  due  as  much  as  anything  to  the 
variations  in  the  performance  of  the  A.  S.  T.  M.  method 
when  applied  to  materials  of  widely  different  types.  It  seems 
apparent  that  the  A.  S.  T.  M.  test  should  be  abandoned  for 
this   purpose. 

There  has  been  a  marked  tendency  to  lower  the  limiting 
per  cent  wear  for  crushed  rocks  to  be  used  in  concrete  roads; 
this  is  partially  due  to  recent  changes  in  the  type  of  traffic 
and  to  a  growing  realization  that  the  wearing  resistance  of 
the  aggregate  has  only  a  remote  bearing  on  the  wearing 
resistance  of  the  concrete.  This  subject  is  referred  to  below 
under  wear  tests  of  concrete. 

Concrete  Strength. — Testing  aggregate  by  means  of  com- 
pression tests  of  concrete  is  not  necessary  unless  the  ag- 
gregates present  some  unusual  characteristics;  and  in  gen- 
eral is  not  necessary  in  routine  inspection  work.  Such  tests 
furnish  the  best  information  for  research  purposes  and 
should  be  encouraged.  The  methods  recently  published  in 
tentative  form  by  the  A.  S.  T.  M.  should  be  followed  in  mak- 
ing such  tests. 

Wear  Tests  of  Concrete. — Wear  tests  of  concrete  by  means 
of  the  Talbot-Jones  rattler  furnish  an  excellent  method  for 
research  purposes,  but  are  not  practical  as  a  routine  method 
of  inspection.  A  ring  of  10  separately  molded  blocks  8  in. 
square  and  5  in.  thick  is  fastened  to  the  rotating  head  of  the 
machine,  where  the  finished  surfaces  are  subjected  to  the 
tumbling  action  of  a  200-lb.  charge  of  cast-iron  balls  for 
1,800  revolutions,  requiring  about  1  hour.  The  results  of 
several  thousand  tests  of  this  kind  will  be  found  in  the  pub- 
lished reports  of  the  Lewis  Structural  Materials  Research 
Laboratory.  A  recent  series  of  tests  which  has  not  been 
reported  in  detail  shows  that  the  type  and  quality  of  the  ag- 
gregate produced  less  effect  on  the  wearing  resistance  of 
concrete  than  is  usually  supposed;  and  that,  rather  wide 
changes  in  grading  of  coarse  aggregate  produced  relatively 
little  difference  in  wear  of  the  concrete. 

It  should  be  stated  that  there  is  a  well-defined  relation 
between  wear  and  strength;  the  factors  which  produce  high 
strength,  produce  low  wear. 

It  is  believed  that  further  study  of  data  nowr  on  hand  in 
tests  carried  out  by  the  writer  will  bring  out  valuable  infor- 
mation on  the  influence  of  the  quality  of  the  aggregate  as 
revealed  by  the  various  abrasion  tests  and  the  strength  and 
wearing  resistance  of  the  resulting  concrete. 

Need  for  Further  Research  and  Standardization.— The  fore- 
going remarks  make  apparent  the  great  need  for  further  re- 
search and  standardization  of  methods  of  dealing  with  con- 
crete aggregates. 

Field  tests  now  under  way  by  the  Bureau  of  Public  Roads 
and  by  the  State  Highway  Departments  of  Illinois  and  Penn- 
sylvania may  be  expected  to  give  important  results  on  the 
relative  merits  of  different  aggregates.  The  Bureau  of  Pub- 
lic Roads,  a  number  of  state  highway  departments,  and  other 
laboratories  have  carried  out  laboratory  investigations  of 
aggregates  which  have  thrown  light  on  the  properties  which 
must   be  required  for  good  results. 

Cpnclusion. — No  attempt  has  been   made   in  this   brief  re- 

(1 


rtew    to  suggest  a  compli  .nam   tor  aggregate   tor 

concrete  roads;  however,  certain  principles  which  should 
govern  the  selection  and  use  of  aggregates  are  given. 

There  is  a  marked  tendency  to  disregard  minor  features 
in  specifying  concrete  materials  and  to  base  final  conclu- 
sions on  the  quality  of  concrete  produced. 

High  grade  aggregates  are  only  one  of  the  many  require- 
ments of  good  concrete;  the  best  aggregates  do  not  insure 
good  concrete  if  the  methods  of  proportioning,  mixing,  plac- 
ing and  curing  are  faulty. 


Mixer  Has  Special   Derrick  Arrangement  for  Han- 
dling Batch  Boxes 

A  new  arrangement  for  handling  batch  boxes  from  car 
to  mixer  will  be  used  by  C.  I'.  Lytic,  Sioux  City,  la.,  on  bis 
contract  for  constructing  44  miles  of  concrete  roads  from 
Jacksonville,    Fla.     All    materials    tor   the   contract    will   be 


Mixer   with    Special    Derrick    Equipment. 

handled  by  industrial  railway.  Two  28  cu.  ft.  (mixed  mate- 
rial), Austin  mixers  will  be  used.  These  mixers  have  been 
equipped  by  the  Austin  Machinery  Corp.  with  a  special  der- 
rick arranged  as  shown  in  the  illustration,  by  means  of 
which  the  45  cu.  ft.  hatch  boxes  will  be  lifted  direct  from 
the  car  and  dumped  in  the  hopper  on  the  mixer.  This  does 
away  with  the  loading  skip  on  the  mixer  and  makes  a  saving 
in  time  in  changing. 


Annual  Meeting  of  National  Highway  Traffic  Assiciation. — 
The  National  Highway  Traffic  Association  will  hold  its  annual 
meeting  on  May  12  at  the  Automobile  Club  of  America,  247 
W.  54th  street,  New  York  City.  Reports  on  the  following 
subjects  will  be  presented  by  national  committees:  "Uniform 
Highway  Signs,"  Chairman  Elmer  Thompson,  secretary,  Auto- 
mobile Club  of  America;  "Traffic  Capacity  and  Widths  of 
Highways  Outside  of  Municipalities,"  Chairman  Herschel  C. 
Smith,  assistant  professor  of  highway  engineering  and  high- 
way transport.  University  of  Michigan:  "Status  of  the  Con- 
struction of  Highway  Curves  and  Recommended  Practice  to 
Increase  Safety  to  Traffic."  Chairman  H.  Kltinge  Breed,  con- 
sulting highway  engineer,  New  York  Citj  :  "Regulations  Gov- 
erning Speeds,  Weights  and  Dimensions  of  Motor  Trucks  and 
Trailers,"  Chairman  George  II.  Pride,  president,  Heavy  Haul- 
age Co.  of  New  York  City:  "License  Fees  and  Motor  Vehicle 
Taxation,"  Chairman  Henry  G.  Shirley,  roads  and  sanitary 
engineer,  Baltimore  County  Roads  and  Sewerage  Depart- 
ment; "Highway  Transport  Franchises."  Chairman  F.  W. 
Fenn,  secretary,  National  Motor  Truck  Committee,  National 
Automobile  Chamber  of  Commerce;  "Highway  Transport 
Clearing  Houses,"  Chairman  Tom  Snyder,  secretary.  National 
Association  of  Commercial   Haulers.   Indianapolis. 


11,017  Miles  of  Federal-Aid  Roads  Completed.— Federal-aid 
roads  completed  since  1916  totaled  11,017  miles  on  March  31, 
an  increase  of  8,016  miles  during  the  preceding  12  months, 
according  to  the  Bureau  of  Public  Roads.  The  general  aver- 
age cost  per  mile  for  the  United  States  was  $17,120. 

19) 
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The  Salaries  of   Highway  Engineers* 

By  D.  Q    McCOMB 

Fur  b  number  of  yean  the  Qnestlon  of  pay  tor  engineers 

of  i  Mr.  me  importance.     Although  a  distinct 
profession,  the  same  as   medicine,  the   law,  and   oth< 

ajoritj    of  engineers   work   on    si         .   the  amount    ol 

which  in  practically  all  cases  is  determined  by  tl iployer, 

whereas   In  other  professions  the  amount  of  reimbursement 

for  professional  services,  In  tei  mined  i>>    the  one 

rendering  tin-  BerTice      A  graduate  engineer,  with  a  college 

has  spent  fully  as  much  time  and  monej   In  going  to 

onsibilltles   aftei    graduation    are    fully 

■at.  if  nut   greater,   than   those  ol    men   In   other  pro- 

ons. 

Th.   ■  e  professional  It  is  he  who  first 

tes  the  wilderness  of  his  own  land  or  the  jungles 
of  tin'  tropics,  making   reconm         i  ocatlng,  construct- 

ing and  operating  railroads,  opening  mines,  building  high- 
ways, etc.,  not  only  for  his  own  people  bul  tor  all  the  peoples 
of  the  earth     witness  the  work  no*   being  done  by  American 

is  in  Haiti,  or  in  the  Philipplni  Islands,  laying  out 
and  constructing  Bystems  of  modern  highways  covering  the 
entire  country.  The  very  nature  of  his  duties  make  it  prac- 
tically impossible  for  him  to  become  permanently  estab- 
lished in  any  one  locality.  As  soon  as  his  work  Is  com 
pleted  In  any  particular  locality  be  moves  on  to  where  other 
duties  of  the  same  nature  await  him.  Even  in  highway  work 
in  the  various  states  a  resident  engineer  stays  but  five  or 
six  months  in  one  place,  and  when  his  road  project  is 
finished  he  is  transferred  to  a  new  project  somewhere  else. 
It  is  a  well  known  fact  that  any  man  permanently  located 
in  one  community,  and  living  with  his  family  in  his  own 
home,  can  live  far  more  economicaly  than  if  he  and  his 
family  are  located  only  temporarily  in  some  place  where 
by  the  very  transitoriness  of  their  stay  they  are  compelled 
to  board,  either  with  a  private  family,  wherever  possible,  or 
very  frequently  at  some  hotel  in  the  vicinity. 

Salaries  of  Government  Engineers.  For  years  the  Federal 
Government  has  been  a  large  employer  of  technical  men,  not 
only  engineers,  but  specialists  In  other  lines  as  well.  Up 
to  two  years  ago  its  policy  in  respect  to  payment  of  salaries 
was  niggardly  in  the  extreme.  Two  years  ago,  due  li 
to  high  and  increasing  costs  of  living,  the  situation  became 

acute,  and  so  many  highly  trained  engineers  and 
other  specialists  left  the  government  service  for  more  lucra- 
tive  private    service,    that    the   government    was    compelled   to 

tak.  cognizance  of  the  situation,  and  take  steps  to  amel- 
iorate the  condition  of  its  employes,  in  March,  1919,  a  joint 
congressional    committee    was    appointed    to  ite   con- 

ditions and  draft  a  reclassification  bill,  under  which  all  Fed- 
eral civil  servite  employes  would  be  uniformly  classified,  with 
uniform  salary  schedules  for  the  respective  classes  An 
other  feature  corrected,  also,  was  the  inconsistent  policy  of 
paying  employes  of  the  same  grade,  with  the  same  amount 
of  experience,  and  doing  exactly  the  same  kind  of  work  and 
with  the  same  degree  of  responsibility  entailed,  salaries 
varying  from  60  to  80  per  cent  in  the  various  departments 
and    bureaus.      After    a    most    exhaustivi  tion,    re- 

quiring almost  two  years  to  complete  and  the  report  ol  which 
•  tousand  paces,  this  rei  .   bill,   known 

Lehlback    Bill    ill.   It.   8928),   was    formulated 
duced  and  passed  in  the  House  in  December,  1921,  and  trans- 
mitted   to    [he    Seiial.         In    til.  |    tO    the 

Committee   on   Civil    Service,  orably    back,   and 

ill   it   will   become  a    law    during  the 
■ 

In  the  bi  ctlon  devi i   to  governi 

aries  u.  re  Used  . 

i 

10      lie.      i  i  |o 

Salary    Recommendations   of   A.   A.    E.   Committee.      Vmong 

recomemndations  submitted  to  the  .bunt  Reclassification  Con 

nal  Commit!  ommittee  of  the  Amei  i 


can  Association  Of  Engineers,  a  national  engineering  organi- 
sation of  ovi  .1  by  corresponding  mem- 
bers consisting  of  Mr.  Thomas  h.  McDonald,  Chief,  D.  s. 
Bureau  of  Public  Roads,  the  Chief  Engineers  respectively  of 
the  Stat     •■'              M  partments  of  Pennsylvania,  California, 

i  hUSettB,  and  Illinois,  and  others  interested  particu- 
larly In  highway  construction,  In  which  salaries  recom- 
mended  were  as   follows. 

000-11  i, 

'  lull  I  ■  

Junior  engii  \  inn. 

Inspei 

instrument    man,    (1 

In   its   recommendation   tins  Committee  ol    the    American 

Association   ol    In.  tat.d. 

"The  basic  purpose  ol  I  he  recommendation.-  in  the  high- 
way field  is  to  secure  a  salary  for  the  man  who  elects  a  ca- 
reer in  a  highway  engineering  that  will  reasonably  assure 
him.  under  present  conditions,  an  opportunity  to  Bupport  and 
•  his  family  in  a  mode  i  way.  As  we  reach  those  po- 
sitions which  demand  a  wldi  act  peciaJ  accom 
pllshments  which  make  th.  engineer  of  judgment  and  ad- 
ministrative ability,  the  salarj  to  I"1  paid  should  represent 
the  value  of  the  sei  ed  to  the  public  and  be  com- 
mensurate  with   the  responsibilities   imposed." 

Salaries  of  State  Highway  Engineers. — A  report  recently 
prepared  by  the  I  nited  Stat  Bureau  of  Public  Koads  shows 
in    detail    the   salaries   pan  m:   employees    in    all   the 

Highway    Departments    in    ri:      I  aion   during  th. 
1921. 


No. 

.Minimum 

See  be- 

Title. 

salary. 

low  (A). 

40 

$3,000 

21 

37 

Asst.   ch 

27 

30 

J. lull 

10 

■  1 

Bridge  engineer   ... 

2,100 

3.707 

16 

30 

Testing   engineer    . . 

2,100 

170 

14 

44 

r 

2,400 

3,404 

20 

22 

A'jst.  division  engine  I 

1.7  10 

14 

12. 

ii  office  engr 

1.800 

5 

Resident   engineer    ...     4,200 

l,M0 

lfl 

IS 

1  981 

•• 

44 

Instrumentman    

1.080 

.; 

ir, 

12 

1,200 

1.813 

1 1 

in 

Rodmen.    chafni 

Column  ( A  i  shows  the  number  of  states  in  which  em- 
ployees in  each  classification  are  paid  equal  or  more  than 
the  average  of  all   the  state  liown. 

In  the  to  Slate  Highway  Departments  employing  a  Chief 
Engineer  21  pay  salaries  higher  than  the  average. 

Highway  engineering  in  the  I  tilted  States  has  now  risen 
to  a  position  of  first  Importance  In  the  engineering  field. 
Hundreds  and  hundreds  of  millions  of  dollars  are  now  being 
spent  in  the  location,  design,  construction  and  maintenance 
■  ii  adequate  and  durable  mad-  throughout  the  country.  The 
responsibilities  resting  upon  all  connnected  in  any  way  with 
this  work,  and  particularly  with  the  expenditure  of  funds  and 
the  supervision  of  work  in  progress,  are  indeed  tremendous, 
and  demand  the  services  Of  men  of  sterling  integrity,  train- 
ing of  the  highest  character,  and  broad  experience,  if  these 
funds  are  spent    with   thi  nomj    to   produce  re- 

sults   of   greatest    efficient!]        The    services    Of    such    men    can 

be  secured  and   held  only   bj    the   payment   of  adequate  sal- 
aries, commensurate  with  ponsibility  rest- 
on  the  individual  engineer;   and  anj   state  pursuing  a 

Olicy     In     this    respect     will    assuredly 
fail  to  produce  results  of  the  hi| 


Road    Types    on    Lincoln    Highway.     On     Feb.    1.    1922,    the 

mileages   of  the   various   types   ol    road   construction  on   the 

'  1 " '  .ill    continental    Route    Of    the    Lincoln    Highway.    Now     York 
to  San   Flam 
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Motor  Truck  Transportation 


Organization    and    Operating    Methods    for    1300 
'     Trucks  of  Standard  Oil  Co.,  Described  in 
Paper  Presented  at  Convention  of  New 
Jersey  Highway  Association 

By  J.  1".  WINCHESTER. 
Sup.  r  ■  ""  les,  Stai  Oil  Co.  of  New  J 

Fundamentally,  the  operation  of  motor  vehicles  tor  profit 
or  business  purposes  is  like  any  othei  business  It  must  be 
organized      To  make  a  success  oi  ol    this  type, 

tii,.  partj  venturing  into  "  Bhould  studj  the  various  angles  of 
the  parti<  ular  line  be  intends  to  pu 

outline  bis  course  of  action,  witb  the  full  realization  In  mind 
thai  tlKir  la  no  line  of  business  that  presents  as  many  pos- 
sibilities toi  "leaks"  as  an  unorganized  motor  bus  or  truck 
business 

i..  i  us  consider  the  factors  that  enter  into  motor  trans- 
portation enterprises,  none  of  which  can  i  e  neglected  to 
any  meat  degree  if  the  outfits  are  to  1m  ■  .nonncally  operated 
and  maintained  I  know  of  no  bettei  presentation  of  them 
than  the  outline  recentlj  presented  in  a  paper  before  the 
S.  A.  E.  by  Mr.  M.  C.  Horine. 

(actors   presented  by   Mr.  Horine   cover   a    wide    range 
Of  consideration  and   necessitate   a   general    knowledge   of: 

Highway  engineering. 

inical   engineering. 

Automobile  engineering, 

Blei  trical  engineering. 

Transportation. 

Bookkeeping, 

Slate  laws,  etc. 

The  Need  for  Specialists.— However.  Mr.  Horine  neglected 
to  include  the  human  element  side  of  the  question  in  his 
table  of  economic  factors,  which  I  consider  has  an  important 
bearing  on  the  efficiency  of  any  operation.  So  much  general 
knowledge  is  known  about  an  automobile  by  the  general 
public,  yet  there  are  few  specialists  who  understand  the  fun- 
damentals of  the  various  factors  that  careful  selection  and 
training  is  necessary  if  the  organization  is  to  he  efficient. 

The  organizer  of  a  department  of  any  size  should  have  a 
knowledge  of  man-power,  and   understand   the   psychological 
nis   of  organization   in  order  that   harmony   and   team- 
work  may    prevail,   without    which    discipline    and    the    possi- 
bility of  economical  operation  would  be  at  a   premium. 

These  specialists  all  co-ordinate  the  activities  of  the  motor 
vehicle  in  an  economical  way  with  the  rest  of  the  bu 
The  type  and  extent  of  the  organization  which  one  would 
adopt  depends  to  a  large  degree  on  the  number  of  vehicles 
to  be  operated  and  the  extent  of  the  territory  which  they 
cover. 

Each  type  of  industry,  whether  it  be  a  contracting  concern, 
silk,  express  or  oil  business,  has  surrounding  it  certain  busi- 
ness conditions  with  which  the  supervisor  of  motor  vehicles 
must   he  more  or  less  familiar. 

For  instance,  in  road  building  it  is  not  only  necessary  that 
a  man  have  a  general  knowledge  of  the  mi  it  or  vehicle  itself, 
but  it  is  also  necessary,  if  he  is  called  upon  to  make  an 
installation  of  any  vehicle  for  road  oil  or  binder  distribution, 
that  he  have  a  general  knowledge  of  the  material  to  be 
applied  by  the  vehicle  and  the  various  types  of  pumps  that 
might  be  used  for  jta  application.  1 1  is  other  general  engi- 
neering knowledge  would  fit  him  to  work  up  a  design  that 
would  be  suitable  from  a  mechanical  standpoint.  T 
ditions  surrounding  an  installation  of  this  kind  would  be 
mounting,  driving  and  gearing  the  pump  so  that  it  would  be 
practical  to  operate,  accessible,  economical  to  maintain,  and 
capable  of  giving  the  proper  volume  distribution  for  the 
various  types  of  work  encountered  by  the  vehicle. 

Standard  Oil  Co.'s  Truck  Department. —  i  Fig.  1.)  I  do  not 
presume  to  outline  to  you  the  type  of  organization  that 
might  fit  your  varying  conditions,  but  I  will  present  for  your 
consideration  an  organization  chart  which  provides  for  the 
handling  of  approximately  1,200  to  1,300  vehicles  which  are 
operated  over  a  widely  scattered  territory  in  the  states  of 
New  Jersey.  .Maryland.  District  of  Columbia,  Virginia,  West 
Virginia.  North  and  South  Carolina,  and  which  vehicles  are 
under  centralized  control. 

This  organization  chart  is  the  result  of  ten  or  twelve  years' 

t  121  i 


direct  experience  In  motor  transportation,  and  the  vehicles 
under  tins  plan  are  being  operated  in  direct  competition 
Ul,i,  other  types  of  transportal namely;   hoi   e-drawn  and 

strain.       Ill    at    least  98    per    Cent    of    the    cases    each    outfit    is 

doing    the    work,   at  least   within   a    slight    margin,   more   eco- 

llly  than  it  could  be  done  by  any   other  form  of  hauling. 

This  chart  indicates  that  the  branch  of  the  company  in 
which  these  vehicles  are  being  operated  is  a  sales  organiza- 
tion, :iM,i  that  the  relation  of  the  motor  vehicle  department 
to  the  balance  of  the  organization. 

The  chart  also  indicates  thai  the  .  uperintendent  of  vehicles 

has   directly    under   his    supervision    men    who    handle    the    in- 

pectiOD  and  mechanical  upkeep  of  the  outfits,  and  that  he  is 


AUTO    DEPT     ORGANIZATION     CHART 


1. — Relation 


nent    and    Balance    of 


responsible  for' the  installation  of  the  various  types  of  motor 
vehicles,  and,  while  not  directly  responsible  himself  for  the 
vehicle  operators,  he  is  in  direct  touch  with  them  through 
education  and  the  auto  inspectors  who  visit  periodically  all 
of  the  out  tits 

The  output  from  the  vehicles  is  directly  up  to  the  branch 
sales  manager  through  the  route  foreman,  and  the  gathering 
together  of  the  reports  turned  in  by  the  two  departments 
is  under  the  supervision  of  the  accounting  department. 

The  painting  of  the  vehicles  is  done  by  the  construction 
department,  in  most  cases,  for  economic  reasons. 

The  Shop  Organization.— Fig.  2.  shows  the  approximate 
plan  on  which  all  of  our  shops  are  operated.  In  forming  a 
shop  organization,  one  has  to  take  into  consideration  the 
fact  that  in  automobile  work  practically  all  branches  of  the 
mechanical  arts  are  encountered.  A  man  who  superintends 
this  work  should  be  one  who  has  fundamentally  been  edu- 
cated to  think  along  mechanical  lines  I  prefer  one  who 
has  served   an   apprenticeship  as  a  machinist  or  tool-maker, 


SHOP      ORGANIZATION 
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Fig.  2.— Plan  on   Which   Motor  Vehicle  Shops  Are  Operated. 

and  has  educated  himself  along  engineering  lines.  He  may 
be  called  upon  to  consider  problems  wherein  the  following 
lines  of  work  may  have  to  be  considered: 

Designing, 

Pattern  making. 

Foundry  practice, 

Machine  shop  practice, 

Tool-making  practice. 

Blacksmith  practice. 

Electrical, 

Painting, 

Tinsmith, 

Wheelwright, 
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Carpenter, 

Upholstering, 

Stockkeeping, 

Service  problem- 

a  man  bo  equipped  will  be-  in  a  ,  Id  will  tend 

to   make   him   resourceful   and   capable   o(    Instituting    man] 
short-cut  methods,  which  will  result  in  arl]  saving 

He  should,  along  with  his  mechanical  ti    Inlng,  possess  those 
qualities  which  lit  him  to  Instill  in  otl 

their  duties   in    i   harmonious,    careful    and     conscientious 
manner. 

The  outline  as  shown  presents  a  practical  working  - 

which   is  in   operation  and   is   producing   economical 

Considerations    in   Selecting   Truck.     When   a    I 
be  purchased,  the   type   Of   work   an. I   thi    country   into   which 
it  is  to  be  installed  an-  carefully  Btudied  from  tin-  various 
angles  pertaining  to  an  efficient  Installation, 

in  my  particular  line, a  canvass  i 
number  of  gallons  or  packages  that   will   be  delivered   in  the 
respective  territory   under  consideration      We  study,  particu- 
larly, the  adaptability  of  the  road  to  carrj   it  so  that  we  may 
have   installed  the  proper   transmission   and   read   axle  ratios, 


and  all  vehicles  in  the  terrltorj   are  spotted  in  then-  n 

tive  locations  by  numbers  on  this  board.     The  make  of  vehicle 

is    indicated    by    the    shape    ol    the    cardboard    on    which    the 

number  is  printed,   which  cardboard   takes  the  form  of  the 
vehicle  radiator.     The  t>  rice,  such  as  gasoline  or 

oil  tanks,  barrel  or  package  truck,  is  indicated  by  the  color 

ol    tie-    tack    bead,       1!\     tin      control    board.    Vehicles    In. 

located  at  any  time,  whethei  thej   are  In  the  shop  or  ,.t  the 
-tan. .n  to  w  inch  the]  are 

The   shop   section   of   tin-   control    board    makes    provision 

for  showing  whether  the  trut  i    I     In  for  a  complete  overhaul, 

i>  waiting  lor  repairs,  whether  II   is  in  our  own  or  an  outside 

paint   shop    and  the   number  ol    trucks  that  will  be  ready  for 

in  half  a  day's  time.     Accurate  record  is  kept  ol  ail 

truck   movements  and   the   time   ".it   .,|    BerViCe   lor  any   reason. 
Selection    of    Driver.-    In    tie-      iperation    careful    study    has 

to    be    made   oi    varlou     factors       Particular   care   must   be 
i  ed   in   the  selection   of   a   driver   if  the  operations   sur- 
rounding the  various  factors  laid  down  are  to  be  successful 

in   the  selection   ol    an   operator 

In  the  early  days,  it  could  safely  be  stated  that  the  success 
of  a  machine  was  largel]  dependent  upon  the  operator  That 
is  not  true  today,  howevei  Some  outfits  will  stand  more 
abuse  than  others,  yet  it  is  well  to  select  an  operator  who  is 


Fig.   3. — Weekly    Report   of   Output   of   Shop. 


iake  and  sizes  and  take  particular  pains  to  install  an 
outfit  whose  gross  weight  is  suited  for  the  road  and  bridge 
conditions  into  which  it  is  going. 

e  should  be  taken  in  studying  an  individual  installation 
to  make  sure  that  it  will  compare  from  an  economical  stand- 
point with  other  types  of  transportation  that  are  at  one's 
command. 

The   matter   is   becoming  a   more   complicated    one    yearly 

;Mig    an    installation.      Legal    restrictions,    high    license 

■  aid  general  taxation  necessitate  a  closer  studying  of 
this  problem  than  ever  before. 

The  question  of  standardization  has  to  he  studied,  and 
while  standardization  can  be  argued  for  from  a  standpoint 
of  making  it  much  easier  to  handle  the  vehicles,  yet,  cm 
her  hand,  when  a  large  fleet  is  considered,  it  is  well 
not  to  limit  the  make  of  vehicles  by  make:  to  any  particular 
make-,  for  the  reason  that  you  have  left  no  direct  method  of 
comparison  as  between  one  make  and  another.  We  standard 
ize  the  make   in  a  district  or  at   a    station,   and   try   to   hold 

■  ion  to  not  more   than   two   makes,   which   simplid 

and  operating  problem. 
After   having    take  n    into   consideration    the   various    possl 
bilities,  ami  an  installa- 

tion if  goods  are  to  be  economically  hauled,  the  largest  Load 
possible  unci-  tiled,  tor   the 

D    that    all    operating    figures    will    show     that    tin-    unit 
ICh  as  ton-mile,  etc.,  is  materially  higher 
indpolnt   of  - 

i  ..i iy.  1 1.-  heavy  unit 

to  a  small   one,   as   a   large-   unit   simplifies    tie    probli 
and    handl  reason   that   fewer   unit 

Control  of  Motor  Vehicles.— That  the-  location 
may  be  determined  at  any  tin  •    kept 

-   ■  i     aumbei       d  thi 

• 

Reports." 
For    ' 

ntrol    board    i      run 


so  constituted  that  he  has  the  interest  of  the  business  at 
heart. 

An  operator  should  have  personal  obligations  which  will 
tend  to  instill  a  sense  of  responsibility  and  make  him  careful 
of  the  equipment  he  operates.  In  my  opinion,  a  man  of  33 
years  of  age  or  upward,  who  has  a  family  or  some  other 
obligation,  if  carefully  broken  in  from  a  mechanical  stand- 
point and  instructed  along  pertinent  lines,  will  assist  in 
many  of  the  operations  that  make  for  economical  deliveries. 

While  a  general  study  of  the  various  factors  that  enter  into 

delivery  is  the  duty  of  the  supervisor  or  route  man.  yet   it  is 

a  fact  that  through  education  and  co-operation,  an  intelligent 

itor     will     promote     economical     operation     from     many 

angles,  particular^  a  contact  with  the  public 

in  an  operation  such  as  road  construction,  where  a  certain 

amount  of  skill  is  required  in  Hi-'  laying  ol  male-rial  such  as 
asphalt  or  other  road  material,  a  careful,  conscientious  oper- 
ator  will,   with   some   Instruction    take'   on.   as   a    matt 

pii.l.-.    the    study    of    various    conditions    which    will    Im 
the    supervising    officials    ami  ou    of    many     minor 

duties.     An   operator  of  this    kind    takes    p  work, 

cuts  down  tin-  amount  of  supervision  necessary,  ami 
in  greater  output,  act  mat.-  i eports,  etc. 

Provision  Is  made  tor  tin-  operator  to  have  a  givi  i 
each  week  to  go  ovei  cha  is,  lubrication  and  othei 
thai  may  need  attention,  The  operator  has  outlined  I 
the  pails  of  the  mechanism  he  Is    responsible  for,  whi 

terisfc  ("i  being  placed  beside  these  Items 
on    the    insii-  6rl       when    the    >■■  inters 

trouble  hi   i  a nnol    olve  he  tune 

Vehicle  Inspection.  No  vehicle  should  be  installed  and  lefl 
in  the  hands  of  the  operator   without     om<    provision   being 

i..r   it    I.,   i .  i  e-i\ ,-   a    periodical    1 :hi  -  ■  mm. 

minor  adjus 

bj     tie      CI   n:  lant     \  ileal  loll    an 
lira!   wear   which  an>    machine   is   subjected   to.      It    pi" 
means    for   taking   the   "stitch    in    tine-    thai  and 

eliminates    the    p.  •  i •  > « ' ' > 

becoming   worse  ami  eventually  resulting  in   major  repairs. 
,  to  i  tnploj   d 
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degree  on  the  fleet  under  consideration  our  inspection 
force  consists  of  a  body  of  men  who  are  first-class  repair 
men  who  have   the   faculty  anil    pi  tj    to   instruct   and 

assist  the  operators  or  marketing  men  with  whom  they  come 
in  contact.  They  are  held  responsible  for  the  mechanical 
operation  of  the  truck  from  its  installation  as  a  new  unit, 
or  after  its  overhaul  until  it  is  ready  to  be  returned  to  the 
shop. 

They  maintain  constant  schedules  and  visit  a  truck  peri- 
odically. One  inspector  will  take  care  of  from  15  t<>  -■! 
vehicles,  depending  on  the  type,  the  amount  ol  territory  they 
have  to  cover,  for  it  is  obvious  that  a  man  call  take  care  of 
a  much  larger  number  of  vehicles  operating  from  a  central 
garage  than  one  who  has  to  visit  a  number  of  plants  or 
statloi 

Besides  being  responsible  for  the  mechanical  condition  of 
the  truck,  our  inspector  has  to  examine  for  proficiency  all 
men  who  are  employed  as  operators.  He  is  held  responsible 
for  any  neglect  which  may  result  in  our  having  a  vehicle  go 
on  the  road  which  presents  other  than  a  first-class  appear- 
ance, and  reports  any  irregularities  and  indifference  exhibited 
toward  the  rules  that  are  laid  down  for  the  motor  vehicle 
operators*  guidance. 

Overhauling  of  Trucks. — Provisions  are  made  to  overhaul 
the  vehicles  when  needed  in  a  central  repair  shop,  of  which 
an  organization  chart  has  been  shown.  Outfits  are  brought 
In  for  repairs  during  off  seasons,  or  are  replaced  by  "reserve" 
equipment,  which  is  held  for  this  particular  purpose.  Every 
effort  is  made  to  plan  the  movement  into  the  shop  so  that 
the  outfit  will  receive  prompt  attention.  The  progress  of 
the  work  is  checked  by  a  weekly  shop  report,  illustrated  in 
Fig  ::.  which  materially  assists  in  checking  up  the  shop 
activities  and  provides  an  index  of  work  accomplished. 

To  obtain  the  most  economical  results,  it  is  best  to  adopt 
the  unit  repair  basis.  This  provides  for  the  carrying  of  a 
Dumber  ol  complete  units  which  can  be  readily  substituted 
for  the  worn  parts,  and  the  worn  parts  can  be  undergoing 
repairs  after  the  chassis  is  in  the  paint  shop  or  on  the  road. 
Repair  Shop. — The  shops  are  divided  into  departments  such 
assis,  motor,  gear  box,  rear  axles,  electrical,  overhaul 
and  a  competent  specialist  is  engaged  for  these  respective 
duties.  As  a  department  grows,  the  old  employe  should  be 
worked  into  a  position  of  working  foreman.  This  training 
should  fit  him  to  assume  greater  responsibilities.  1  find 
that  more  accurate  and  economical  results  are  obtained  under 
this  method  than  by  permitting  a  man  to  do  all-round  work, 
and.  besides,  through  this  system  it  is  possible  to  detect  the 
source  of  poor  workmanship  or  failures. 

Inspection  is  provided  in  each  department  through  the 
activities  of  the  foreman  and  final  inspection  of  the  com- 
plete job  is  provided  for  by  a  man  who  is  entirely  respon- 
sible to  the  superintendent  alone  for  the  passing  out  of  work. 
Repair  Parts. — Necessarily  in  an  organization  of  this 
kind  emergency  service  has  to  be  provided.  This  is  done 
by  carrying  a  stock  of  parts  at  the  main  repair  shop,  and  in 
small  quantities  at  strategetically  located  points.  At  the 
main  station  this  stock-room  provides  for  the  shop  needs. 
which  facilitates  repairs.  In  any  organization  where  con- 
stant service  by  the  vehicle  is  an  asset,  an  efficient  stock  or 
service  depot  is  a  wonderful  thing.  It  provides  a  means  for 
filling  wants  in  any  emergency  which  places  the  vehicle  in  a 
position  to  operate  at  all  time. 

To  provide  proper  service  it  is  necessary  that  correct 
mechanical  information  be  kept  on  file,  and  changes  in  the 
mechanical  condition  of  a  vehicle  kept  up  to  date.  We  pro- 
tor  this  by  having  a  comptete  set  of  specification  ' 
furnished  by  the  vehicle  manufacturer,  which  is  tiled  with  a 
standard  mechanical  information  sheet.  If  these  records  are 
properly  maintained  the  service  man  has  a  ready  reference 
for  each  vehicle,  which  will  remove  a  great  possibility  of 
incorrect  parts  being  supplied. 

Painting  Trucks.— A  well-kept  truck  should  be  kept  painted 
periodically.  Paint  protects  the  wood  and  metal  sin 
from'  the  elements,  and  provides  a  means  for  increasing  Ihe 
value  of  the  vehicle  by  making  it  a  traveling  advertisement. 
\  I  travel  I  am  often  surprised  to  note  that  some  concerns 
pay  many  dollars  for  select  sign  locations  along  highways. 
etc.,  and  then  neglect  their  motor  equipment.  If  advertising 
pays.  I  can  conceive  of  no  better  medium  than  a  well-kept 
vehicle  which  daily  encounters  many  more  people  than  the 
average  signboard. 

A  paint  shop  should   be  well   ventilated,   have   dust  proof 
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varnish  rooms,  and  have  facilities  lor  rapid  drying,  although 
some  wonderful  results  are  accomplished  along  these  lines  by 
small  shops  with  limited  facilities. 

Accounting.  That  the  officials  may  know  just  what  each 
vehicle  Is  doing,  and  be  provided  with  a  basis  of  comparison 
with  other  mediums  of  transportation,  accounting  is  neces- 
sary. Any  system  should  be  as  simple  as  possible,  yet  pro- 
vide a  clear  and  distinct  method  of  comparison.  We  do  this 
by  summarizing  our  entire  figures  on  a  form.  This  form 
analyzes  where  the  money  is  spent  on  the  vehicle,  and  the 
results  are  shown  in  groups,  by  makes,  capacity,  style  of 
service,  and  year  of  installation.  It  is  a  progressive  record 
from  which  can  be  determined  a  group  performance  after  a 
number  of  years'  service  as  compared  with  its  first  year. 
This  is  a  semi-annual  report. 

Care  is  taken  through  a  carefully  prepared  primer,  to  see 
that  proper  distribution  of  charges  are  made. 

To  compile  this  report  necessitates  a  group  of  auxiliary 
forms,  some  of  which  show  in  minute  detail  the  efficiency  of 
the  department,  or  work  being  performed.    These  include: 

Delivery, 

Mileage  run, 

Gasoline   consumption, 

Stock-keeping  records, 

Analysis  of  distribution  in  the  central  shop. 

Analysis  of  inspectors'  time  and  expenses, 

Tire  records, 
and  others  from  which  we  can  minutely  dissect  the  vehicle's 
efficiency  from  any  angle  that  might  be  required. 
•  Tire  Records. — Accurate  records  are  kept  of  the  various 
types  of  tires  used.  Tires  are  bought  on  an  adjustment,  or 
on  a  guaranteed  price  per  mile  basis.  In  order  that  the  tires 
may  be  properly  adjusted  and  that  we  may  be  in  a  position 
to  compare  the  relative  merits  of  one  make  with  another,  it 
is  necessary  that  these  records  bo  maintained. 

Provision  is  made  for  taking  care  of  the  various  types  of 
tire  equipment.  In  the  case  of  solid  or  cushion  tire  equip- 
ment, a  report  is  made  when  a  tire  is  applied  and  its  record 
is  kept  in  the  office  on  the  solid  tire  record.  In  the  case  of 
solid  or  cushion  tires,  when  once  applied  to  a  wheel,  they 
remain  there  until  finally  worn  out,  with  but  few  exceptions. 
These  records  are  easy  to  keep  as  compared  with  those 
necessary  for  pneumatic  tires. 

Pneumatic  tires,  which  are  apt  to  come  to  grief  through 
puncture,  etc.,  require  more  detailed  care  on  the  part  of  the 
operator,  and  to  assist  him  in  keeping  proper  records  we 
supply  a  definite  set  of  forms.  These  forms  facilitate  the 
operator  keeping  an  accurate  record,  and  when  a  tire  is  sent 
in  to  a  central  stock  room  to  be  adjusted,  it  is  taken  care  of 
through  a  special  form  of  tag,  which  is  used  as  a  shipping 
and  mailing  tag.  This  tag  is  so  arranged  that  it  can  be  torn 
in  sections  when  about  to  be  used,  and  one  of  the  stubs 
hearing  the  same  serial  number  as  that  part  which  has 
been  sent  through  the  mail  and  on  the  tire,  is  retained  by  the 
operator.  Through  this  tag  we  are  able  to  check  shipments 
and   mileage  very   accurately. 

While  it  may  seem  to  some  that  the  expense  involved  is 
not  justified,  my  experience  clearly  shows  that  accurate 
records  of  this  description  should  be  kept.  It  is  surprising 
to  note  the  large  saving  that  can  be  effected  with  some  types 
of  tires  as  compared  with  others,  both  from  a  standpoint  of 
tire  cost  per  mile,  and  mechanical  or  repair  cost  per  mile. 

A  summary  of  the  mileage  obtained  from  all  tires  is  made 
up  semi-monthly  and  turned  in  to  headquarters.  These  rec- 
ords give  us  a  comparison  between  the  different  types  and 
makes  of  tires. 

Provision  is  made  through  these  detailed  reports,  for  the 
various  executives  of  the  organization  to  keep  in  intimate 
touch,  through  analytical  forms. 

Accounting  forms  may  be  obtained  economically  from 
various  sources,  and  in  the  majority  of  instances  under 
standard  methods  laid  down  it  will  be  found  that  approxi- 
mately two-thirds  of  the  charges  are  so-called  "Fixed 
Charges."  and  one-third  "Variable  Charges." 

I  call  this  to  your  attention,  because  if  economy  is  to  be 
obtained,  the  moving  load  and  active  factors  are  the  ones 
which  should  receive  close  attention.  Because  a  vehicle  is 
a  mechanical  device  these  are  often  overlooked,  and  great 
stress  is  laid  upon  the  maintenance  and  up-keep  factors. 
These  latter  factors  in  modern  machines  will  remain  prac- 
tically constant,  provided  speeding  and  overloading  are 
eliminated. 
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The  .  material  transfers  and  Interurban  d( 

ilUty  ol  employing  motor  busea 
i  the  larger 

I  his   is    indicated    DJ    th( 

and  transportation  companies  baring 
in  mind  the  adoption  of  unit  carriers,  which  can  readily  be 
transferred   to  motor  vehicle!      on.-  such   Installation,   1  an- 

K    i;    I,.-    Hi.    t r;t i! 
I  ity  yards  and  New   Sot  i. 
and    I    believe   other   railroads   have   Bimilar   InBtallations   In 
mind.    Traction  companies  arc  realising  that  the  buses  can 
be  adopted  with  profit,  to  act  as  fei  ■     ! 

lui.s  nations  are  being  made  onlj  after  a  careful 

•  f  all  angles  pertaining  to  the  problem,  and  thi 
il  but  what  the  future  will  bring  forth  a  considerable 
growth  al.. iik  these  lines.     The  possibilities  of  tins  type  of 
transportation     call     for     greater    co-operation     amont 

ted,   and    the    industry    as   a   whole    Bhould    not    be    judged 

by  past  performances  of  many  irresponsible  operators,  who. 
becau-  ken   Into  considera- 

tion  tin-   rights   of   the   public    at    large,    which    resulted    In 
aging  up  that   have  caused  a  ling  of 

hostility   toward-   this   typo   of   transportation.      There   is    ueed 

f,,r  .,  i  leration  if  the  operating  problem  is  to  be 

satisfactorily    solved       Excessive    taxation    and     restrictive 

laws    which    seem    to    he    springing    into    existence    over    the 
country,    will   onlj    result    in    the    throttling    ol    an    Industry, 

which   is  yet   in  its  infamy. 


The  Modified  Construction  Contract  of 
Georgia  Highway  Commission 
During  the  seasons  of  1920  and  1921  greal  difficulty  was 
experienced  by  the  State  Highway  Department  of  Georgia  in 
securing  satisfactory  bids  for  road  construction,  due  largely 
to  the  unsettled  condition  of  labor,  uncertainty  of  mat.  rials 
and  high  prices,  but  principally  to  the  lack  of  sufficient 
capital  among  the  local  contractors.  To  meet  this  unusual 
situation  it  was  found  necessary  to  devise  a  new  form  of 
contract  which  would  be  liberal  enough  to  appeal  to  the  con- 
tractor, yet  giw  protection  to  the  highway  department  and 
to  do  this  a  form  of  honus  and  penalty  contract  was  drawn 
up.  This  contract  was  described  in  the  .May  4.  1921  issue  of 
Engineering  &  Contracting.  Some  further  details  of  the 
i  an. I  Bome  results  obtained  by  its  use  are  outlined 
as  follows  bj  W.  K  Neel,  state  highway  engineer  of  Georgia, 
in  the  April  issue  of  The  Constructor 

The  Georgia  Form  "It"  contract  differs  essentially  from 
the  so-called  "cost  plus"  contract  in  that  the  work  is  let  on 
competitive  bids;    the   contractor   i>   furnished   an   incentive  to 

work   economic  ally    and    efficiently,   and    both    t1 
tractor  and   tie-   highway  department  share  in  the  losses  or 
profits.      As   all   funds   for  labor  and    materials   are   furnished 
by  the  highway  department  the  contractor  is  relieved  of  the 
financing    the    work    and  >.te    his 

entire    attention    to    his    organization.      Under    this    form    of 
jubmltted   on   work   in   the   usual    manner 
and  awards  made  to  the  lowest  bidder. 

Preparing     Bid    and     Figuring    Profit.      In     preparing     a     hid 

irks  up  a  unit  cost  i  dering 

only  ' 

ipmenl    ami   small    I 

two    bids    ci  ■'  titute    the 

;  ;iiy   to 

...  with  thi    i  iperintendent 

bj   th.    contractor.     In  addltioi 

Mia'tor     lie  On"     which     is 

nd     represents 

In   tie-    ..vent    tl,  ipleted    lor    II 

the   lull 
iddition  -•"  p 
of   tl  •  owever,    thai    thli    amount 

he      tet.ll       ■   .  U    hele 

Uzed   50 

!    II  "Mi    a    dead 


.in  of  bis  compensation,  which  is  sufficient   to  take 

bis  overhead   expi  I 

This  also  •  atractoi  an  Incentive  to  do  the  work 

i.ii. lies  ih.    factor  oi  • 
always  accompanying  the  Btraighi  form  .u  contra,  i      in  other 
words,  the  contractor  is  .  omp  ordlng  to  thi 

ices  which  '     -;  mom  I   he  b 

Select  Contractors  of  High  Standing.— It  is  well  to  mention 
in   this   ...line,  lion    thai    ,,nh  t)  pe 

and  moral  standing  should  I..      i  lected  to  handle  work  under 
this  contrail,  as  an  iuiscrupiil.ni-  man  through  his  inefficiency 

or  lack  of  interest  and  attention  causes  the  work  to  lag  and 

the  cost   lo  run  up.      H  is  also  \.  i  \    m 

cooperation    between    thi  and    engineer    on    the 

work,  as  a   daily  checking  up  ..I   accounts   will  tend  to  keep 

penae  down  and  detect    anj    weak   spots   so  th 
proper  precautionarj  measures  ma>  be  taken  to  correct  Bame 

Considering  the  volume  of  wi  percentage  o 

run   has   been    verj    small  and    practically   all   projects   have 

shown  a   material   saving. 

shown   h.r.     «  ill 

il  the  form  ■  i I     contract,  as  the   work  was 

let    at    a   time   when   lahoi  lit  -    un- 

certain and  prices  high. 

Saving    on    a    Bridge   Job.     C :rete   and 

Blue  Ridge,  Georgia,  received      ith  thi    regular  form  u 

form    "B"   hnls.   the   two   lowi    I    B    J44.433.25,   form    "A," 

13,346  19,  form  "B  "     1  hi    i  ontracl   was  awarded  under 

thi     t •  .cm    "B"    bid,   and    n  saving   to   the    highway 

department    ol    M  70  I  32   and    i    'onus   to   the   i  o 
$1,834.61    above    his    fixed    compensation.      The    final    I 
were : 



Actual  cost    of   w..rk    :' 


X,  i  I  .    Hlghwa>    i  ..  pa    tmi  to 

On  this  particular  project  it  was  found  necessarj  to  in- 
crease the  quantities  after  construction  had  started,  so  the 
figure,  "estimated  cost  ol  work,"  was  determined  by  using 
the  total  actual  quantities  in  place  and  the  unit  prices  bid  by 
the  contra,  tor. 

Result  on   a    Road   Grading   Contract.     Union   count] 
miles   of    graded   road   out    oi    I'.lairsville.   Georgia,   was   also 
let  under  the  form  "B"  contract   and  show-  a   verj    material 
saving  to   the   highwa;    department    and    profit    to   I 
tractor. 
Estimated  cost  ol   work 

Actual  est  of  work 


Net  saving  to  Hlghwaj     t 

This   project    is   about    30    miles    from    thi  olroad 

station  in  a  ver)  mountainou      i    tion  ol  the  state,  and  during 

some    of    the    winter    month       the    roads    leading    to    II 

impassable,  making  it  difficult  to  haul  in  supplies  and 
material. 

The  two  low   hi. Is.  one  form  "A"  and  thi    other  ton 
were  about  $34,000  apart,  showing  the  diffi  pinion 

tors  at   that    tin  to   the   value  ,,i    work. 

Had  this  wo.  b   been  lei   undi 

hi  bavi    paid  re  than  the  work 

<  nth. 
Thi    Fallowing  is  a  '"  ",!" 

contracts  complete, I 


Had  the  above  contracl  bei  n  a  •  arded  u n   tl i  m     \ " 

the  unit   price,   prevailing  at   the  time,   it   would 
have  ...si   the  highway  del  approximati 

and  resulted   m  a   loss  of  around    (200,000 

Minnesota   Has  Completed  Over   1.000  M.les  of  Federal  Aid 
Road      Of  the   11,011    Miles  in    Federal    \nl    Heads   com 
„p    to  Minnesota    had-     with    1.093    mllea 

Texas,  919  mill  b;  WI  consin,  667;   Illinois, 

165,   and    Arkansas.    101 
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Adequate  Ranking  and  Parking  Facil- 
ities for  Vehicles 

Abstract  of  Paper   Read    Feb.  14  Before  the 
National  Highway  Traffic  Association 

By  \v.  P.  EN<  i 

ird  ol    I  '!!■■  cti 
High  was   Traffic  R<  ^ulatlon,  [nc 

The  National  Highway  Traffic  Association  on  Maj   8 

adopted  as  its  standard  the  Council  ol  .National  I1 

of    Genera]    Highway    Traffic    Regulations,    as    printed    and 

amended  to  that  date,  in  which  the  following  definition 

"Ranking — Standing   vehicles   behind   one  another   parallel 
with  curb." 
"Parking— Standing  vehicles  alongside  one  another  al   an 

angle  to  curb." 
The  term  "ranking"  is  derived  from  the  term  "cab  rank," 


1 

M 

I                A 

- — i          r 

-—    —  _, 

3 

/#J  rtnkwdm  Qtnttr 

-?T 

17'  JO' 

ffl 

„ ^ — — 

$ 

*                                 y»*rc/*J  rmnktd  n*jrt  to  csr  track* 

Diagram    Showing    Ranking    of    Vehicles. 

as  used  for  centuries  in  London,  where  cabs  are  placed  on 
stands  one  behind  the  other  in  file  and  the  term  "parking" 
from  the  practice  of  placing  gun  carriages  parallel  to  one 
another  in  which  position  they  are  said  to  be  parked.  It 
is  therefore  clear  that  the  terms  "ranking"  and  "parking" 
are  not  synonymous,  but  that  there  is  a  practical  and  im- 
portant difference  between  the  two.  We  must  get  these 
terms  clear  in  our  minds  before  we  can  treat  this  part  of 
trallie  regulation  in  a  concise  manner. 

Classification  of  Vehicles. — In  regulating  ranking  and  park- 
ing we  must  divide  vehicles  into  "live  vehicles"  and  "dead 
vehicles."  A  "live  vehicle"  is  one  whose  driver  is  present 
and  prepared  to  move  his  vehicle  immediately,  while  a 
"dead  vehicle"  is  one  whose  driver  is  absent  and  therefore 
unprepared  to  move  his  vehicle  immediately.  A  "dead  vehi- 
cle" is  also  one  which  cannot  be  moved  immediately  because 
out  of  order  or  for  any  other  reason. 

When  vehicles  are  ranked,  no  one  of  them  can  move 
out  of  the  line  independently  of  the  others,  unless  consid- 
erable waste  space  is  allowed  for  between  them,  whereas 
when  they  are  parked,  being  parallel  to  one  another,  any  one 
of  them  can  get  away  without  causing  any  other  one  to  move. 

In   considering   the   question   of    ranking    and    parking   we 
must   take    into   account    the    requirements   of   the    Code    of 
General   Highway   Traffic   Regulations.      (See   Art.   Ill,    Sees. 
4.   5  and  6).     No  part  of  the   Code  has   had   a   more   careful 
study  by  more  people.    The  considerations  involved  ari 
plicated  because  it  is  difficult  to   pi- 
and  at  the   same   time   refrain   from    imposing   more    ri 
tions  on  any  one  than  is  absolutely  necessary      There  is  no 
reason  why  a  vehicle  should  not  rank  or  park  anywhere  pro- 
vided that  in  so  doing  it  does  not   unreasonably  restrict  the 
liberty  of  others.     See  Sec.  5  of  Art.  Ill  of  the  Code,  which 
reads   as   follows: 

"A  vehicle  waiting  in  front  of  an  entrance  to  a  building  or 
a  transportation  station  shall  promptly  give  place  to  an 
arriving  vehicle." 

This,  of  course,  requires  the  driver  of  the  waiting  vehicle 
to  be  ready  to  pull  out  immediately  on  the  approach  of  an 
arriving  vehicle.  Such  strictness,  as  this  implies,  is  abso- 
lutely necessary  on  roadways  where  the  importance  of  get- 
ting to  the  curb  is  paramount,  as  for  instance,  on  roadways 
devoted  to  retail  trade  and  to  a  slighter  degree,  on  those 
devoted  to  residences.  Where  wholesale  business  predom- 
inates  the   necessity   of   allowing   sufficient   time   to   load   or 


unload  has  to  be  adequatelj    con  idered      in  this  case,  Sec. 
hi.   in   ol  the  Code   is   the   regulation   which   ap 

It    reads: 

■  \  vehicle,  "hen  another  i-ehicle  is  waiting  to  take  its 
place,  shall  not  remain  in  fronl  to  a  building 

oi   transportation  station,  except   while  expeditiously  loading 
or  unloading,  and.  [{  horse-drawn,  and  with  tour  wheels,  the 

horse   shall   stand    parallel    with    the  direc- 

tion of  trallie." 

in  enforcing  See.  5  and   li  of  the  i  mill   he   noted 

thai  a  vehicle  ranked  or  parked  Is  oul  ol  the  waj  ol  moving 
trallie  and  should   noi   bi  n   until 

another  vehicle  comes  to  take  its  place  II 
the  old  adage,  "Let  sleeping  dogs  lie"  applies,  it  is  clear 
thai  whili  the  -  provisions  of  the  Code  should  he  enforced 
strictly  when  congestion  exists  thes  need  nol  be  so  strictly 
ted  upon  when  congestion  does  not  exist.  Of  course, 
i  i.iy  driver,  out  of  common  decency,  should  refrain  from 
leaving  his  vehicle  where  it  will  block  access  to  the  door  of 
an  occupied  building. 

General  Ranking  and  Parking  Spaces.  There  are  many 
spaces  which  can  be  used  for  ranking  and  parking  without 
interfering  with  the  How  of  traffic  on  the  roadway.  These 
should  be  regarded  as  general  ranking  or  parking  spaces. 
(See  Sec.  4  of  Art.  Ill,  which  reads  as  follows.  : 

"Sec.  4.  A  vehicle  shall  neither  rank  nor  park  so  as  to 
prevent  the  free  passage  of  other  vehicles  in  both  directions 
at  i he  same  time;  nor  in  one  direction  on  a  'one-way  traffic' 
roadway;  nor  with  any  part  of  it  or  of  its  load  extending  be- 
yond limit  lines;  nor  within  ten  (10)  feet  of  a  fire  hydrant." 

Such  spaces  are  better  marked  out  by  paint  limit  lines, 
but  whether  marked  or  not  marked,  they  should  be  free  for 
vehicles  to  rank  or  park  in.  Among  such  spaces  are  those 
alongside  parks,  vacant  lots,  public  and  vacant  Inn  1 
and  buildings  where  the  doors  or  entrances  are  not  in  regu- 
lar use.  Briefly,  these  spaces  may  be  defined  as  all  those 
not  in  front  of  a  regularly  used  entrance  to  a  building  or  to 
a  transportation  station. 

No  private  signs  prohibiting  ranking  or  parking  should 
be  allowed,  but  the  police   department  should  furnish   signs 
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Diagram    Showing     Parking    of    Vehicles. 

on  application  ot  property  owners  if  the  reason  given  is 
adequate.  All  signs,  like  everything  else  in  traffic,  should 
be  standardized.  The  signs  for  stationary  vehicles,  desig- 
nating parking  spaces,  cab-stands,  car  and  bus  stops  are 
known  as  secondary  signs  and  should  have  black  letters  on 
id  yellow  background. 

The  economy  of  room  for  waiting  vehicles  as  well  as  lor 
moving  vehicles  on  many  congested  roadways  is  so  impor- 
iat  it  is  well  worth  while  to  define  by  paint  lines  every 
such  space  that  can  be  used  to  hold  one  or  more  vehicles. 

Special  Ranking  and  Parking  Spaces. — Besides  the  general 
ranking  and  parking  spaces  already  described  there  are  oth- 
ers, especially  adapted  to  provide  for  waiting  vehicles.  Some 
of  these  are  in  the  center  of  streets;  some,  in  very  wide 
streets  are  next  the  car  tracks  and  others  are  where  streets 
come  together  at  acute  angles.  These  spaces  are  often  of 
irregular  shapes,  filling  space  not  required  for  lines  of  mov- 
ing vehicles.  It  is  of  the  utmost  importance  that  all  such 
available  spaces  in  the  congested  parts  of  cities  he  scientif- 
ically marked  with  paint  limit  lines  or  be  paved  with  a  dif- 
ferent kind  of  pavement  from  the  rest  ol  the  roadway  and 
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furnished  with  signs  with  the  words.  "Public  Ranking  Space" 
or  '•Public  Parking  Space,"  as  is  b  d   to  the  local 

possibilities.  In  these  Bpacea  vehicles  Bhould  usually  be 
allowed  to  remain  Indefinitely  unli  In   bonis  it   is 

necessary  to  limit   their  tunc  wh(  D 
it  stub  additional  wording  as  is  necessary,  as  tor  li 
Thirty  Minutes  from  :!  to  7  P.  M." 

Parking  Bpaces  should  have  stall  ban   s  ft.  or 

more    than    9    ft.    wide    for    vehicles    marked    by    pain)    lines, 
siaiis  for  trucks,  Bight-seeking  vehicles,  etc.,  should  be  wider. 
Vehicles  should  be  parked  at  an  angle  to  the  curb  of  90 
degr<  or  30  degrees,  as 

adapted  for  local  conditions.    The  width  of  a  parking  space 
located  in  the  middle  of  a  street,  where  vehicles  are  to  be 
d  at  an  angle  oi 

90°       should   be    at    least    15    tt. 
45°      should  be  at   least    16  ft 
ould  be  at  least    14   ft. 
30°       should    be   at    least    13   ft. 
When   the  parking  space   Is   n<  It    to  the  curb  these  widths 
reduced  l  ft    each,  respectively,  .is  a  portion  ol  each 
vehicle  can  project  over  the  curb  about  that  much. 
Vehicles  should  never  be  parked  at  an  angle  of  90  degrees 

to    Ihl  mi    locations    when    waiting    for 

the  termination  of  the  races,  theater,  etc.,  or  when  loading 
or   unloading   men  and    in    some    instances   on   cab 

stands.  In  parking  at  an  angle  of  90  degrees  to  the  curb 
it  is  apparent  that  to  get  into  a  stall  in  the  parking  space 
will    very    often    necessitate    b  several 

times. 

When  vehicles   park   they  should   drive   directlj    into 
stalls  and  back  out  when  ready  to  leave.     This  method  will 
avoid  seriously  retarding  other   trail  me   chosen  to 

back  out  is  when  there  is  a  Blight   let  up  in  traffic. 

If  the  opposite  is  done,  i.  e.,  passing  the  stall  to  be  occu- 
pied and  backing  into  it,  it  must  always  retard  the  vehicles 
which  are  directly  behind. 

Ranking  spaces  in  the  middle  of  a  street  should  have  the 
side  lines  6  ft.  apart.  If  at  the  curb,  one  line  6  ft.  from 
the  curb  should  be  used. 

Some  streets  are  wide  enough  to  park  on  both  sides  and 
allow  the  necessary  room  for  moving  vehicles  in  the  center. 
Others  can  have  vehicles  parked  on  one  side  and  ranked  on 
the  other,  provided  room  is  left  for  moving  vehicles. 

In  one-way  traffic  streets,  if  a  parking  space  is  to  be 
marked  on  one  or  both  sides,  the  stall  lines  should  slant 
towards  the  approach  of  traffic. 

Cab.  Hack.  Truck  and  Sight-Seeing  Vehicle  Stands. — Cab. 
hack,  truck  and  sight-seeing  vehicle  stands  should  be  marked 
by  signs  giving  the  number  of  such  vehicles  each  stand  is 
intended  for.  The  vehicles  should  be  ranked  usually  in  the 
middle  of  the  roadway  or  next  the  curb,  as  best  suits  each 
locality.  There  are,  however,  a  considerable  number  of 
places  where  vehicles  can  be  parked  advantageously  either 
in  the  middle  of  the  roadway  or  at  the  curb.  At  such  places 
an  angle  of  90  degrees  is  ordinarily  to  be  preferred,  as  it 
best  enables  such  vehicles  to  leave  the  parking  space  so  as 
to  proceed  in  either  direction  with  equal  facility.  However, 
this  is  not  always  the  case.  Sometimes  such  stands  are 
located  in  the  center  of  the  roadway,  where,  if  other  vehicles 
are  ranked  at  the  curb,  there  is  not  sufficient  room  for  enter- 
ing or  leaving  the  stand  to  join  in  with  the  moving  traffic 
without  maneuvering  by  backing  and  thus  impeding  it.  In 
this  case  an  angle  of  45,  37%  or  30  degrees  should  be  sub- 
ited. 
When  parked  at  the  curb  public  vehicles  should  be  backed 
pace  so  as  to  be  ready  to  drive  directly 
out    into    the    traffic    when    leaving,  i     method    is 

to    what    is    advised     for     usual      parking 
purposes. 

Thi-    •  1   neii.  especially 

for   tie.  lc    regulation    as   a 

branch 

r  problen        id  they  will  he  emplo] ed 

■■'■       ( Inly    by    specialists 

mpllcated  traffic  problen  I  and  the  in. 

of  providing  for  the  accommodation  of  the  greatest  number 

on   the  highways   and  in 
special]  is  one  of  our  greatest 

The  time  when  such  things  are  left 
i  of   police  departments   or  of  so- 
called  traffic  advisory  committees  is  about  over. 


Getting  Ready  for  the  Pavement 

Preparatory'  Steps    in    Extension  "TandRepair   of 

Surface  and  Sub-Surface  Structures^ 

Described  in^Paper  at  City  Paving" 

Conference,    Philadelphia 

I'.V  K    A    M  \r  CUEGOR. 

Public     vVorks    of    Maul...    I 
New  'i  ork  City. 

I  shall  treat  the  subject  under  five  heads: 
1.      Planning   of  all    now    municipal    BUrfai 
structures  not  yet  install,  il 

1'.      Securing    the    necessary     funds    foi    lie-,      m    addition    to 

Hie  paying  appropriation. 

::.  I. citing  oi  contracts  tor  these  II  "i  sufficient  magnitude 
to  be  done  in  separate  contracts  from  the  paving. 

4.  Notification  of  all  public  utility  corporations  of  inten- 
tion to  pave  ami  requirl  of  business 
demands  to  avoid  openings  tot   one  or  mo 

Notification  of  all  pri  aers  to  repair  or  do 

-ary   work  to  their  Bewei    ami   water  connections 
This  later  may  entail  considerable  work  if  the  roadway  is 
to  be  widened  and  vaults  altered. 

Examination  and  Repair  of  Sewers  and  Water  Mains.  It 
is  the  duty  of  the  city  or  town  to  have  all  its  own  subsurface 
work  completed  before  paving  or  repairing  is  done.  This 
will  include  the  examination  and  repair  of  all  sewers  ami 
water  mains  including  fire  hydrants, 

The  sewers,  if  large  enough,  si, ould  be  carefully  examined 
from  the  inside,  and  if  pipe  by  means  of  lights  and  mirrors. 
from  the  manholes.  This  examination  should  enable  the 
engineer  to  determine  whether  the  sewer  will  need  repairs. 
barring  accidents,  within  :i  or  1  years.  It  will  often  be  found 
that  short  lengths  are  in  bad  condition  requiring  opening  of 
the  street  surface  and  rebuilding  the  arch  or  the  entire 
sewer.  If  a  pipe  sewer  shows  sign  of  collapse  or  bad  align- 
ment, opening  from  the  surface  cannot  be  avoided. 

If  the  sewer  is  of  brick,  :'.  feet  in  diameter  or  over,  repairs 
can  be  made  from  the  insidi  and  the  sewer  given  a  new  lease 
of  life.  A  great  deal  of  this  inside  work  is  done  in  Manhattan 
on  brick  sewers  50  years  old,  from  3  ft.  6  in.  x  2  ft.  4  in. 
egg-shaped  upwards.  The  inner  ring  of  2-ringed  sewers  is 
often  replaced. 

Next  in  imnortance  of  the  city's  structures  are  the  water 
pipes.  These  should  be  tested  for  leaks  by  bar  holes  along 
the  line  of  pipe.  The  audiphone,  or  similar  appliance,  does 
not  discover  small  leaks  at  joints,  for  instance,  which  may- 
soon  blow  out  and  cause  much  damage.  If  a  new  main  is 
required,  either  to  replace  a  defective  one  or  to  give  larger 
capacity,  all  services  will  have  to  be  changed  to  the  new 
main.  This  may  mean  cross  cuts  every  25  or  30  ft.  on  both 
sides  of  the  street. 

As  a  special  appropriation  may  be  needed  for  this  work, 
it  is  important  that  the  financial  matters  be  attended  to  in 
time  to  co-ordinate  with  the  paving  program.  The  repairs  to 
hydrants,  of  course,  are  included  in  the  work  on  water  mains. 
It  may  also  be  necessary  to  provide  new  or  increased 
surface  drainage  with  inlets  and  receiving  basins.  This  will 
require  at  least  short  trenches  to  reach  the  sewer  if  a  com- 
bined system  is  in  use  and  possibly  longitudinal  trenches  If 
a  separate  system  is  used. 

In  towns  provided  with  sewers  an  under-dralnm.-.  system 
is  not  generally  needed  as  il  is  on  country  roads.  The 
trenches  for  sewers,  water  pipes,  etc.,  give  enough  drainage 
to  prevent  damage  to  pavement  bj  frost  or  boggy  and 
marshy 

Underground  Lines  of  Public  Service  Companies.  Xotiflca- 
tlon   to  all  buI  rporations  of   intention  to   pave  and 

He-  approximate  date  of  beginning  that  work.  These  cor- 
porations should  be  encouraged,  if  they  cannot  he  forced, 
to  build  new  lines  to  provide  for  estimated  future 

tor   :,   years    at  may    be  encour- 

aged to  do  this  by  relieving  them  of  the  cost  of  any  repavlng 
over    trenches,    whether   for    new    lines    or   repairs    to   existing 

I    the  work   Is  re  ill.    city   begins   repavlng. 

For   some   years   the   corporations    in    New   York    City 

■  ii  "i  tin  advance  work  to  the  profit  both  ol  then 
solve  an. i  the  city.  For  about  two  years,  however,  owing  to 
a  difference  in  policj  between  the  department  having. control 
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o£  electric  and  gas  companies  and  the  authority  charged  with 
the  upkeep  of  the  city's  streets,  this  advance  work  has  been 
almost  entirely  stopped. 

One  New  York  company  alone  laid  108  miles  of  electrical 
subways — not  duct  miles  but  subway  miles  in  the 
1916,  1916  and  1917  ahead  of  new  paving  and  in  anticipation 
of  future  business.  From  the  records  of  the  use  of  these 
duct  lines  it  is  calculated  that  had  the  advance  work  not 
been  den.  over  12  miles  of  trench  would  have  been  opened 
within  one  year  of  completion  of  the  15  to  20  miles  of 
pavement  laid  the  previous  year.  The  need  of  one  authority 
in  cliar.ee  of  streets,  determining  what  structures  shall  be 
laid  in  the  street  and  in  what  location,  as  wi  11  as  mam 
taining    and    laying    the    pavements.  The    later 

policy  referred  to  has  cost  the  city  a  great  deal  and  the  com- 
munity much  more  by  the  duct  work  having  been  done  piece- 
Use  of  Space  Under  Sidewalks.  I  :  e  sidewalks 
for  the  accommodation  of  all  distributors  should  be  consid- 
This  would  reduce  the  interference  with  the  roadway 
pavement  and  vehicular  traffic.  In  Manhattan  the  roadways 
ate  in  many  streets  so  tilled  with  pipes  and  duct  lines  that  it 
will  soon  be  necessary  to  use  the  sidewalks  or  build  at  a 
deeper  level  entirely  below  all  sewers  and  sewer  connei 
At  present  the  upper  level  is  being  used;  that  is.  above  the 
connections  and  below  the  water  connections.  The 
policy  of  preserving  the  sidewalks  for  the  possible  use  as 
vault  space  by  property  owners  is  radically  wrong  Tin 
streets  were  acquired  for  public  purposes  and  electric  sub- 
ways,  water  and  gas  mains  are  unquestionably  public  utilities 
and  necessities. 

The  allocation  of  space  in  the  streets  is  a  serious  problem 
when  the  space  needed  for  manholes  and  cable  vaults  is 
realized.  To  allow  corporations  to  follow  the  line  of  least 
resistance  and  put  their  structures  where  they  want  [s  tool 
ish.  to  use  a  very  mild  term. 

To  insure  good  work  in  refilling  trenches,  the  corpora 
are   required  to  restore   any  pavement   over   trenches   which 
settles  within   1   year.     The  corporations  therefore  do   care- 
ful work   in   refilling,  ramming  the   earth   in   thin   layers,  so 
there  is  not  a  great  amount  of  settlement  after  repaving. 

I  railway  work  also  comes  under  this  head.  If  the 
track  is  underground  trolley  a  great  deal  of  excavation  may 
be  needed,  the  yokes  and  conduit  going  down  about  3  ft  and 
all  encased  in  concrete. 

If  the  track  is  overhead  trolley,  the  work  is  much  simpler, 
but  more  track  probably  will  be  in  need  of  attention  In 
any  case  the  track  should  be  overhauled  and  possibly  renailed 
before  paving. 

This  is  especially  important  when  the  roadway  pavement 
extends  to  the  rail,  the  concrete  base  and  the  wearing  sur- 
face being  continuous  over  both  the  city  and  railroad  avenues. 

Gas  mains  should  be  tested  by  bar  holes  down  to  the 
main  at  every  joint.  A  very  slight  leak  will  then  reveal 
itself  to  a  man  with  a  good  smelling  apparatus.  Repairs  to 
gas  mains  usually  entail  the  uncovering  of  every  joint  and 
every  service  pipe.  This  cuts  up  the  subgrade  seriously, 
the  joints  being  about  12  ft.  apart  and  service  about  25  ft. 
apart.  In  one  avenue  I  recall  two  3fi-in.  mains  run  parallel 
in  one  roadway  22U  ft.  wide  from  center  to  rail.  Openings 
at  each  joint  on  each  main  were  made,  usually  alternating, 
a  joint  in  one  line  being  opposite  the  middle  of  the  other 
pipe.  The  work  was  nearly  a  mile  long,  but  the  back-filling 
was  so  well  done  that  I  doubt  if  an  indication  of  these  holes 
can  be  found.  Other  streets  do  not  all  furnish  such  good 
examples,  perhaps  due  to  different  materials  in  the  roadway 
subgrade  as  much  as  to  bad  back-filling. 

Notification  of  Property  Owners.— In  Manhattan  it  has 
been  the  practice  for  over  10  years  to  serve  a  written  notice 
on  the  owner  or  occupant  of  every  property  fronting  on  a 
street  to  be  paved  or  repaired.  The  notice  states  the  inten- 
tion of  the  city  to  pave  and  advises  the  owner  to  make  any 
needed  repairs  or  changes  to  his  sewer  and  water  connections 
before  paving  work  is  begun  on  pain  of  being  refused  per- 
mission to  do  this  work  for  1  year  after  completion  of  the 
pavement.  The  latter  threat  cannot  be  enforced  as  a  stopped 
sewer  or  water  connection  must  be  repaired  for  health  rea- 
sons, but  the  notices  do  have  effect.  Xo  charge  for  paving 
over  the  trench  is  made,  only  an  amount  equal  to  the  cost  of 
restoration  being  taken  as  deposit  against  possible  settle- 
ment of  the  back-fill.     This  means  a  saving  to  the  owner  of 


$25  to  $35.     On  all  other  permits   for  openings   by   plumbers 
a  deposit  of  double  the  cost  of  restoration  is  taken,  one-half 
for   the   first   restoration   ami    the   other   half  for   a   po 
second  restoration,  in  case  of  settlement.    If  this  second  half 
is  not  used  before  the  expiration  of  6  months,  it  is  refunded. 

The  amount  of  sewer  and  water  work  to  be  done  having 
been  determined,  the  time  needed  can  be  estimated,  'lie 
corporations  should  also  estimate  the  time  needed  to  com- 
plete their  work. 

Tli.-  schedule  of  work  of  paving  can  then  be  made  up  and 
the  paving  contractors  advised  of  the  approximate  time  tol 
beginning  their  contracts. 

If  the  surface  drainage  work  is  not  extensive,  merely 
building  inlets  and  basins,  it  will  be  more  satisfactory  to 
include  them  in  the  paving  contract, 

The  contractor  can  then  arrange  his  operations  to  better 
advantage  than  if  another  and  probably  smaller  contractor  is 
doing  a  little  work  here  and  there  along  the  line  of  the  main 
contract.  Both  methods  have  been  tried  in  .Manhattan  and 
the  contract  including  both  paving  and  surface  drainage 
work  has  been  found  best. 

Before  concreting  is  done,  and  certainly  before  the  pave- 
ment is  laid,  all  manhole  heads  and  boxes  should  be  brought 
to  grade.  It  is  usually  easier  to  do  this  after  concrete  is 
laid,  especially  at  intersections,  but  careful  inspection  must 
be  given  as  the  concrete  around  the  boxes  may  not  be  as 
well  mixed  as  in  the  rest  of  the  work. 

Wages  in  Road  Building 

The  following  tables  from  the  April  15  Index  of  the  Asso- 
ciated General  Contractors  show  the  average  rates  in  cents 
per  hour  paid  in  February  on  Federal  Aid  road  work: 
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A  Compact  and  Efficient  Hand  Hoist 
The  hoist    Illustrated   herewith   on   a    1%-ton    Kissel    truck 

with  wooden  platform  body  can  be  ml  chassis, 

;mil    will    satisfactorily    handle    loads    up    to    3    urns,      it    is 
notable      for     Its     compactness,    adaptability,    and    i 
operation. 

Tin  hoist  occupies  only  8  in.  ol  bi  the  cab,  and 

is  mounted  on  supports  which  allow  it  to  ird  the 

rhen   the  bodj    is  raised.     The  hea1  on   the 

inns,  allow   it  to  nun.-  ..\.i    gradually    as  the  weight 


Paver  Equipped  with  Rubber  Tires 

Th.  i  tires  is  an  interesting  feature  ol  a  motor- 

driven  Rex  F  d  bj   ill.1  i  iiun  Bi 

Milwaukee,  for  a   stroot  railwaj    company.     Thii  d 

laily  lor  paving  between  tracks  wheri 
paving   outside   the   tracks    has    been    previously    completed. 
'I'hr  tli  ;  damage  to  I  pa\  lag  as  the  ma- 

cl ■  mo\  es  along  « Ith  the  lob.    A  I  Job 

io  job  over  highly,   finished   • 

moved  al  a  good  rat.    ..i  speed  without  danger  of  dam 

pavement  or  machine     T\..>  seta  ot  tiros  are  used  on 


Heil    Hand    He 


is  Increased.  This  inclining  of  th.  hoist  gives  a  greater 
dumping  angle  as  well  as  deci  of  the  oper- 

ator w  i 

There  is  a  handle  just  above  the  ratchet    wheel   which  is 
used   as   a   moans   ol    operating    t'.a     motion   brake   for   check- 
ing the  Bpeed   at   which  the   body  descends.     The   weight  is 
plete.     The  hoist  is  made  and  furnished  complete 
by  the  Heil  Co.,  Milwaukee,  Wis. 

An  Improved  Wheel  Scraper 
Many    improvements    in    the    design    and    constructs       of 
wheel  scrapers  appear  in  the  w  made  by  JrMth 

&  Sons.  Kansas  City,  Mo.  The  now  scraper  has  been  made 
decidedly  heavier  than  the  original  of  two  years  ago.  It  is 
said   that   those   bi  no*    built    will   withstand   the 

heaviest  of  draw-bar  pull  and   mam    tests   have  been   made 
.t    they    will    perform   under   unusual   conditions. 


Rex  Paver   Equipped  with   Rubber  Tires, 
each  of  the  front  wheels,  each  tire  34  in.  x  6  in.,  or  a   12-ln. 
width  for  each  wheel.     On  th  eels,  single   tii 

in.  x  12  in.  are  used.    'I  i  tted  to  heavily  constructed 

wheels  which  are  driven   by   a   steel    hushed    roller  chain   of 
the  Chabelco  type. 


Partition    Fitted    to    Any   Standard    Truck    Body 

The  usefulness  of  the  partitioned  truck  body  has  developed 
rapidly,  and  many  owners  of  standard  bodies  will  be  grati- 
fied to  learn  that  they  can  install  partitions  in  their  present 


Tractor-Scraper  Outfit. 

Another  feature,  not  new  but  Important,  Is  the  I 

special    wheel,    now    regular    equipment,    which    eliminates 

slipping  and  sinkim  Bind, 

The    univi  have    been 

am.. I  Into  one  unit.     This  unit. 

B01  'per    is 

■  bind  the   i  ra<  t.n    and 
alignment      i<    also  eliminates   all 

i   up-and-down     This  unit  plays  an  Important   pan  In 

t  I      ckini       •  [tbeT   on    the   straight    haul   or    ill 
making   turn-        \   train   of  four   Roytl  ■  'ill   turn    In 

a    20  ft     ■   i 


Partitions    In    Model 


on    M.ick    Trucks. 


equipment   and   thu      > I    thi     necessity   of   purchasing   >  one 

plete  new   partitioned  bodies 

The  Heil  Co.,  Milwaukee,  Wl  swinging  partition 

which   can    be   Installed  on    anj      tandard    Bteel   dump   body, 

providing   the   height    and    width   as    well   as   the   model 

body  are  given      This   partition  Is   operated  by  moan 
level  in  eccentric  rolli 
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which  raises  the  partition  vertically  until  it  clears  lu 
the  bottom  of  the  body.  When  the  body  is  raised,  th< 
tition    swings    outward    allowln  ompartment    to    be 

emptied.     One  man  can  opei  illy.     Bodh 

be  fitted  with  as  many  partitions  as  desired.    The  eccentric 
bearings  are  bolted  to  the  sides  with   two  bolts.     Tin- 
be  removed  making  the  body  again  a  standard  dump  body. 

Method  of  Surfacing  Roads  with 
Chert* 

By   E.  A.  EUBANK, 
Resident   Enj 

Chert  is  a  composition  of  rock  and  clay.     The  rod;   pi 
may  be,  either  entirely  or  collectively,  particle    ol  flint  rock, 

limestone,  sandstone  and  chalk,  ranging  in  sizes  from  >4  in. 
up.  The  clay  should  have  a  gummj  consistency  and  in- 
free  from  sand  and  loam.  The  chert  found  in  Benton.  Henry 
and  Decatur  counties,  Tennessee,  is  composed  for  the  greater 
part  of  clay  and  flint  rock  with  a  small  percentage  of  soft, 
white  and  pink  stone  which  may  be  called  chalk.  The  clay 
i  of  tins  chert  varies  from  15  to  30  per  cent.  Chert 
acceptable  for  road  metal  should  not  contain  more  tl 
per  cent  of  clay  or.  on  being  compacted,  develop  a  shrink- 
age factor  of  more  than  35  per  cent 

Materials  of  the  above  percentage  can  be  used  on  sec- 
ondary types  of  road  construction  where  otherwise  it  would 
be  necessary  to  use  a  foreign  material  for  surfacing,  and 
on  primary  roads  it  may  be  used  as  a  base  course.  Chert 
with  a  greater  percentage  of  clay  or  a  shrinkage  factor  of 
more  than  that  specified  above  can  be  economically  used  as 
a  road  metal  in  districts  where  such  material  can  be  obtained 
within  a  reasonable  distance  from  the  right  of  way  of  the 
proposed  project.  Chert  of  the  latter  class  is  found  in  prac- 
tically all  the  counties  through  which  the  'divide"  between 
the  Tennessee  and  Mississippi  Rivers  cross. 

Classification  of  Chert.— The  chert  with  a  clay  content  of 
between  15  and  30  per  cent  will  be  designated  as  Class  "A," 
and  that  having  a  percentage  of  clay  over  30  per  cent  as 
Class  "B."  No  set  rule  can  be  applied  to  the  placing  of 
Class  "A"  chert  surfacing,  as  each  square  yard  of  material 
placed  varies  in  its  proportion  of  stone  and  clay,  sizes  of 
stone,  and  the  moisture  content  of  the  clay. 

An  important  feature  of  chert,  very  often  overlooked  or 
treated  lightly,  is  the  proper  inspection  before  it  is  placed 
on  the  roadway.  An  easy  and  very  convenient  method  of  test- 
ing chert  in  carload  lots  is  by  walking  upon  it.  If  it  consists 
of  the  proper  proportions  of  stone  and  clay  a  crunching  sound 
can  be  heard  denoting  that  the  clay  coating  on  the  stone  is 
not  so  thick  that  the  sound  produced  by  the  grinding  to- 
gether of  the  stones  is  not  deadened.  If  too  much  clay  is  in 
the  chert  this  sound  cannot  be  heard. 

The  above  tests  are  made  on  the  assumption  that  the  stone 
is  acceptable  and  are  only  for  the  purpose  of  determining  the 
quantity  of  clay  and  the  advisability  of  making  more  ex- 
tensive tests. 

As  a  perfectly-shaped  snbgrade  is  the  mold  of  a  finished 
surface  for  any  class  of  surfacing  material,  too  much  im- 
portance cannot  be  attached  to  the  absolute  necessity  of 
having  a  perfect  subgrade  when  using  chert,  as  this  class 
of  material  varies  both  in  size  and  quantity  of  stone,  as  well 
as  the  quantity  of  clay  binder. 

Spreading  the  Chert. — After  the  subgrade  has  been  prop- 
erly prepared,  careful  attention  must  be  given  to  the  spread- 
ing of  the  chert.  It  is  very  necessary  to  give  attention  to 
the  depth  of  the  chert  in  its  loose  state  in  order  that  the  de- 
sired thickness  after  thorough  compaction  may  be  obtained. 
In  advance  of  the  spreading  of  the  chert  all  rock  that  does 
not  conform  to  the  requirements  of  the  specifications  in  re- 
gard to  size  should  be  broken  up  and  placed  on  the  subgrade. 
The  best  tools  for  spreading  this  material  are  shovels,  forks 
and  rakes.  When  a  load,  either  wagon  or  truck,  has  been 
dumped  on  the  subgrade,  the  entire  load  should  be  dis- 
tributed since  the  load  was  dumped  more  or  less  in  a  body 
from  a  height,  causing  a  perceptible  degree  of  compaction 
which  will   develop   into   a   high   place   when   this    load    has 

•From  Tennessee  Highways,  official  publication  of  the  state 
highway  department. 


been  spread  out   with  forks  and  the  desired  thick- 

mi  then  rolled.     A  iact  ion 

will   be   obtained    by    placing    chert    over   a   certain    ai 

Shovel    full  at    a   time   than    whi  D    i  Qert    sufficient    to   cover   the 
same  area  is  dumped  bodily  from  a  height  ol   ::  or    I   ft. 

Compacting. — After  spreading  a  short  section  of  chert  sur- 
i.i,,..  two  or  three  rounds  with  a  roller  should  !><•  made.  When 
this  is  done  all  the  hides  and  little  irregularities  which  de- 
"!i   rolling  should   he   taken   care  of,  bj    flrsl    loosening 
surrounding  materials  and  then  tilling  with  additional 
The  direct  cause  of  these  Irregularities  I 
toot   oi   chert   surfaa  does  not  consist  of  the 

proportional  parts  of  stone  and  i 
The    clay    binder    should     he    damp    enough    to     facilitate 
gb   compaction  but  not  so  wet  that  the  claj    and   -mall 
Stone   will   I"'  nulled  in  small  "1  the 

,  they  pass  over  this  surface  in  rolling.  Hoards  or 
forms  of  sufficient  height  should  be  used  to  hold  the  chert 
in  its  loose  state  before  compaction  is  obtained.  Bett 
suits  and  a  more  uniform  surface  ran  hr  obtained  with  the 
chert  if  it  is  placed  on  the  road  as  a  single  course,  as  a 
greater  height  is  convenient  and  desirable  to  take  care  of 
the  stone  of  unequal  sizes. 

Construction    should     begin     with     the     longest     haul     and 
should    In'  the   farthest  point   from   the  base   of   supplj 
day's   work   decreasing  the    length  of   haul,   thus   .•limn 
the  necessity  of  hauling  over  the  green  chert,  making  ruts 
and  holes  that   will  result  in   the  necessity  of  reshaping  the 
surface  and  re-rolling. 

The  rolling  of  a  1-course  surface  should  be  done  carefully 
and  systematically  on  account  of  the  elastic  conditioi 
culiar  to  this  class  of  material.  It  should  be  rolled  from 
one  edge  to  the  center  and  then  from  the  other  edge  to  the 
center,  overlapping  one  rear  wheel  on  each  roll.  This  fact 
should  not  be  overlooked;  chert  is  a  natural  mixture  of  stone 
and  clay,  and  different  details  in  the  placing  and  working  of 
it  will  always  arise  and  must  be  met  immediately  with 
changes  in  material  and  methods  of  construction  which  will 
remedy  these  conditions. 

The  inspector  should  dig  test  pits  in  every  completed  sec- 
tion to  determine  the  depth  of  compacted  chert.  In  places 
that  are  found  to  be  less  than  the  required  thickness,  the 
surface  should  be  loosened  up  before  additional  chert  is 
placed  thereon,  in  order  to  secure  a  good  bond  between  the 
two  layers. 

After  two  or  three  rounds  with  the  roller,  a  grading  ma- 
chine with  a  blade  set  at  about  45  degrees  to  the  center  line 
of  the  road  should  be  used.  The  blade  set  in  this  manner 
will  deposit  the  cuttings  shaved  from  the  high  points  into 
the  low  places. 

Some  "Don'ts"  in  Surfacing  with  Chert.  —  The  following 
"don'ts"  are  always  applicable  in  the  construction  of  a  chert- 
surfaced  road: 

Don't  roll  the  chert  when  too  w-et. 

Don't  fill  up  the  little  holes  and  irregularities  in  the  sub- 
grade  with  chert.  You  can  save  the  cost  of  the  chert  and 
freight  by  using  earth.  Another  reason  is  that  your  laborer 
has  not  the  time  to  hunt  these  places  in  time  to  either  de- 
crease or  increase  the  thickness  of  the  loose  chert. 

Don't  lay  a  section  of  the  surface  with  the  idea  that  the 
holes,  etc.,  can  be  filled  at  a  later  date  and  the  desired  re- 
sults—a smooth  surface— be  obtained.  Keep  the  finished  sur- 
face finished. 

Don't  try  to  roll  down  a  high  point.     Fill  up  the  hole.  The 
low  places  denote  an  excess  of  clay. 
Don't  roll  dry  chert. 

Class  "B"  chert  is  an  economical  surfacing  material  if  it 
can  be  obtained  within  a  short  distance  of  the  road  to  be  im- 
proved. 

With  the  knowledge  that  the  rock  has  a  strong  resistance 
to  wear,  and  knowing  the  amount  of  money  available,  no 
trouble  should  be  experienced  in  determining  the  advisabil- 
ity of  using  this  class  of  material.  Very  often  it  is  a  ques- 
tion of  how  much  rock  is  needed  and  not  of  the  clay  binder. 
The  methods  of  working  this  class  of  material  do  not  differ 
from  the  method  of  working  the  Class  "A"  material,  but  more 
rigid  inspection  should  be  given  the  material  and  especial 
attention  paid  to  the  rolling. 

The  life  of  a  chert  surfaced  road  depends  almost  as  much 
upon  the  degree  of  compaction  obtained  by  rolling  when  the 
chert  was  placed  as  it  does  upon  the  percentage  of  rock  it 
contains. 
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New  Concrete  Distributor  for  Road  Building 
a  oew   unit  for  road  building  outfits  designed  to  <l<>  away 

with    !'< i    and    bucket    in-    swinging    chute    distribution    ol 

;-   mi  tin'  roadbed  baa  been  brought  oul  bj  the  Austin 
Machinery  Corp.,  Railway  Exchange  Bldg.,  Chicago,  111 
n.w   distributor  consists  of  a  trough-like  receptacle  mounted 
irriage  and  driven  b)   ;i   small  ga  The 

distributor  runs  on  the  tonus,     it  > 
from   >  pout     Tin'   trough    is    kepi    In 

Illation  all  the  while  thai   tic  machine  is  being 
run  back  "ii  th,'  forms,  ami  right  up  t<>  tii.'  niDiii. T.t  when  the 
lumped,    in  effect  II  continues  and  prolongs  the 
mixing  process      Arriving  at   the  spot    •' 

dumped,  all  the  operator  has  i"   ■!"  is   to  throw    Into 


highway   programs  with  particular  reference  t..  [arm-to-mar- 

'Ills. 


Austin   Concrete   Distributor. 

clutch    which   turns   th.'   trough    upside   down.     The 
result   is  a  ridg<    "i   concrete,  spread  over   the  entire   -par,' 

from    form    to    form.      Then,    as    th.-    machine    starts    hark    to 

th.    mix.'!-  tor  its  n. -xt   load,  its  strike-off  board,  adjusted  to 

the  proper  crown,  spreads  the  concrete  ami  smooths  it  down 

ed  level     The  distributor  thus  does  mechanically 

what    hereto! has  had  to  be  done  by   several    men    with 

shovels  and  hoes.  Moreover  it  is  stated  to  leave  ready  for 
the  tamper  a  surface  that  is  fur  more  uniform  than  can 
ordinarily  he  secured  by  hand  labor.  A  further  advantage 
Claimed  is  that  with  the  distributor  in  service,  the  mixer 
can  be  set  back  30.  40  or  even  50  it  from  tin-  finished 
.  ..n.-rete. 


A  Two-Way  Road  Drag 

For   '  an   abundance  ol   power   is   available,  the 

Good  Roads  machinery  Co.  ol  Kennetl  Square,  Pa.,  lias 
brought  out  what  ii  terms  the  "Winnei  Special  -Way  Road 
Drag."  As  shown  in  the  illustration,  this  is  simply  a  com 
hination  of  two  drags  linked  together  at  the  ends  and  with 
draught  chains  adjusted  to  pull  them  at  proper  angles.  Six 
L0  II.  1*.  tractor  can  handle  this  equipment  to 
advantage,  and  as  in  ordinary  work  it  will  cover  about  16 
ft.  of  roadway,  its  ire  obvious. 

The   drag  complete    weighs   635    pounds,   and    is   equipped 


Rear   View  of    Winner   2-Way    Drag. 

with  four  hooks  at  it  Ion,  so 
that  an  extra  drag,  heavy  chain-  or  a  leveling  log  or  board 
.an  be  attached  to  the  rear  tor  moothing  the  roadway  be 
hind  thi  ladi  ami  3-blade  Win- 
brags,  the  blades  on  this  equipment  are  adju 
through  large  angles. 


Large  Sums   Needed  for   Rural   Roads.     Large  expenditures 

will  bi  to  bring  the  two  and  a  half  million  miles 

of  rural  highway  in  the   United  Stati  lard  of 

■  in]. arable    with     their    extended     use     in     motor 

ii     in    the    opinion  I  nngresgional 

ir.-il    Enquiry,    whose   general   conclu- 

anounced  April  2~>.    it  is  a 
i  i >    ommend  that  I  i  ntlnue 

[U    ■•     program    ol    highway    construction 
and  mail  to  1  he  more  effi  ctive  correlation 

of  highway  tranM  th   rail   and    water  trans] 

and    count  their 


A  Quickly  Convertible  Level  and  Transit 
The  accompanying    Illustration  shows   the   new    ■•sterling" 
combination   level  and   transit   made   by    Warren-Knigh 
136   N    12th   St.,   Philadelphia,   as    II  changed   from 

■       He      nl  In   i 

This  Instrument   has  a   13%-in    telescope,  a  6-in.  level  vial, 


verniei    lending  to  6  min.,  and  a   -inning  plate  ,,r  full  %  In 
movement,      h    can    bi    i  rom    transit    to    level   or 

vice  versa   in  m  Beconds,  without  the  removal  of  anj 
or  othei   parts  which  can  be 


Personals 


ned  ai     ' 


Alexander    W.    Graham    has    n 
state  highwaj    i  ol    \ii 

Ralph  w.  Vincent.  I. inn  been  appointed 

■■'  '  :  '  aradi  '.  C n. c-.'.liiii;  Norman  A.  King. 

eci 
Ett    S.    Smith   ..I    \      ,i  ..      has  resigned   as  chief   ..f   th< 

••"■  Islon  i  •   i  ublii    worl      ii  it.    highwaj    di  pai  I  mi  m   ol   I  Ihlo 

.•a  account  ol  111  health. 

George    E.    Finck   has  (Bee  engineer  of    the    i 

it   the  position   ol    I 
engine,  r  ol  Greensboro    N    i 

Thomas  J.  Wasser,  state   highway   engineer  of  New  Jersey,    lmv 
created     state     board     f..r 
.  yors. 
D.    K.    Shepard.    hlghwa:  igned    to    the 

■     i  :  thi    Bun  ii        Publl     Road     office  al   Poi  I 
v.  \      He  will  act  a      i  er  In  t  lie  office  here. 

The  engineering  firms  ol   \\     R     Heagler  &  Sons.  Paragould,  Ark.. 

■  ■  ■    undei 

thi     a  ni  name  of  Hiram   P  Co.    i  iffli  -      n  ill   bi 

n    thi     I'i.Ih  rti       Bldj       St.    Louis,    and    I 

nlii 

J.  t.  Ellison  .1  assistant  stale  highwaj 

..'.  as  ci  .-..I.  'i    iii    tl 
fori        'I'll. 
tinue    i  if  thi  i  imcnt. 

h  n  h  v.  I  ...  in    than  ten 

George  A.    Reed,   Montpeller   \i  ,    formerly   assistant    siate   en- 

' 'ceding 
■  nstructli 

.Ii     Reed  wa     i         i  r  to  1916,  and 

■  i      to    1917,   when    I 
tered  th. 

Changes   in    personnel   of   Wisconsin    Highway   Commission 
follows:    M     '■'  rkelson    brldg. 

H     I '     I  lui  to«     asslsl 

ng  Mr   Torkcl 

will    continue    his   former   work 
nit   he  will  be  1 1  Hei  ed  <.i  a'l  hri<3 

•  ■       i  '     <:■  an,    now 
i ,  i  eplaclng  Paul 
ned    and  G.  I      Eldred  me  position  on  divlstoi 

No.    ■!   i"   replace    P.   I.  n<  d      W     J.    Hasi 

ii  charge  of  malnten 
',    i 
Manuel  A.  Sanchc:  has  bi 

Presli  Hai  creed   Lucius   1  dlls    v,  hen    his 

pin         I :  t  '  raphi  i    in  the 

but  i  '    Mexico   to   work   for 

of    I] 

I 

ii'      lump  In   the   silver 
market.  Mr.  Sanchez  returnorl  to  Santa   P.    and  since  then  l 
, 

inchi 
'    i 

'   I   I  ring. 


Obituaries 


In 


Alexander   R.   Fordyce,  s.  i   irs   a   eonti 

,     .  ■  ■     and  Newarl  I     d    d    \|.rii  22,  aged  "^ 

George  P.  Stirling,  a  retll 

■      .  ,  | 

Benjamin   F.  Parks,  a  retired    I  '    month 

at  his  home  in  Cedar  Rapids,   In 

•    ,,f  that   city  49  years    coming   there  in    1872  to  superin- 

■       ■ brldgi       Hi  then    in 

d,  but  later  I 
agent   fur  tin    x~OUng-|  low  n    Bl  Id 
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foreign  engineering  and  construction  practice.  The  articles  in  the  first  two  issues  of  each  month  com- 
pletely cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the  first  and  fourth 
issues  of  each  month  completely  cover  county  engineering  and  highway  engineering  and  contracting. 
The  articles  in  the  3rd  and  4th  issues  of  each  month  completely  cover  steam  and  electric  railway 
location,  design  and  construction.  See  the  "masthead"  on  the  first  page  of  the  Weekly  News  Section 
for  information  about  our  weekly  contract  news. 


Roads  and  Streets — 1st  Wednesday 


Waterworks  and  Hydraulics — 2nd  Wednesday 

(a)  Waterworks  (c)    Irrigation    and    Drainage 

(b)  Sewers    and    Sani-     (d)   Power  and  Pumping 
tatlon 

(e)    Management    and    Office 
System 


Railways  and  Excavation — 3rd  Wednesday 

(a)  Excavation  (c)   Quarries   and    Pita 

(b)  Management  and        (d)   Steam    Railways,    Con- 
Offlce  System  structlon   and   Maintenance 

(e)   Klectrlc    Railway    Construction 
and  Maintenance 

Buildings  and  Structures.— 4th  Wednesday 


(a)  Buildings 

(b)  Bridges 

(c)  Harbor  Structures 


(d)  Miscellaneous    Structures 

(e)  Properties    of    Materials 
(O    Managament    and    Office 

System 
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The  Relative  Increase  in   Salaries 

Compared  With  Wages,  and  Their 

Relation  to  Per  Capita  Money 

By  HALBERT  P.  GILLETTE,  Editor. 

That  white  collar  employes  have  not  received  as  great 
increases  in  income  as  blue  overall  employes  has  been  quite 
generally  known,  but  statistics  have  not  hitherto  been  avail- 
able to  show  definitely  the  increase  in  "salaries'*  and  "wages" 
respectively. 

We  have  just  received  from  the  Bureau  of  the  Census  the 
following  statement  relative  to  manufacturing  wages  and 
salaries  in  the  year  1919: 

rage  earners   


.    r.umbi 



numbe!    of   salaried  employes 





I 

1.447.227 

J2.S92.371, 494 

Based  on  these  figures  and  on  corresponding  data  for  pre- 
vious census  years,  I  have  prepared  Table  I. 


Tear.  Salarv. 



1869    

1878      

1889     $    R50 

- 

1,103 

1909    1,188 

1914    

1919    1,999 


518 

1.157 


289 

378 
147 
184 
169 


Salary 

and 

level. 
37 

re 


Taking  the  average  salary  ($1,380)  in  the  year  1914  as 
being  100  per  cent,  we  see  that  the  average  salary  in  the 
year  1919  was  150  per  cent,  indicating  an  increase  of  50  per 
cent.  Taking  the  average  wage  in  1914  as  100  per  cent,  the 
average  in  1919  was  200  per  cent,  or  an  increase  of  100  per 
cent.     The  average  of  combined   salary   and  wage  was   $671 


in  1914,  and  $1,275  in  1919,  denoting  an  increase  of  90  per 
cent. 

These  data  make  it  clear  that  manufacturing  wages  rose 
twice  as  rapidly  as  salaries  rose  during  the  five  years  be- 
tween  1914  and  1919.  On  the  other  hand,  other  data  that 
I  have  (notably  factory  wages  in  New  York  and  Wisconsin, 
and  in  the  steel  mills),  show  that  factory  wages  have  declined 
rapidly  during  the  past  IS  months.  It  is  probable  that  sal- 
aries have  been  reduced  to  a  less  extent,  which,  if  so,  would 
tend  to  bring  salaries  and  wages  more  nearly  into  the  rela- 
tion that  existed  before  the  world  war.  Table  I  shows  that 
since  18S9  the  average  manufacturing  salary  has  been  about 
double  the  average  wage,  except  in  1919  when  it  averaged 
about  TO  per  cent  more  than  the  average  wage. 

The  Bureau  of  Labor  publishes  a  wage  index,  but  it  relates 
only  to  union  wages.  Union  wages,  however,  change  more 
slowly  than  do  the  average  wages  of  factory  hands,  only  a 
small  percentage  of  whom  belong  to  unions.  This  is  well 
brought  out  by  the  fact  that  the  hourly  wage  index  of  union 
wages  was  only  155  for  the  year  1919  as  compared  with 
1"-'  for  the  year  1914;  but  for  the  year  1920  it  had  risen  to 
199,  and  for  the  year  1921  it  was  205.  If  union  wages  are 
slow  to  rise,  they  are  even  slower  to  fall.  None  the  less,  in 
the  long  run,  union  wages  move  in  substantial  harmony  with 
factory  wages,  as  the  following  table  shows: 

TABLE  n.— FACTORY  WAGE  AND  UNION  WAGE  LEVELS  OH 
INDEXES. 

Building  All  Average 

wage    union  wage  u  iwage 

Tear.  (Annual).    (Hourly).      iHourlvi.  (Weekly). 

71 

1904    82 

1909    89  95  !i3 

i  us i""  ioo  ioo 

1914    inn  102  102 

146  155  148 

1920    188  189 

l'-l    187  193 

The  Building  Union  Wage  Index  given  in  Table  II  is  ab- 
stracted from  one  compiled  by  Milan  V.  Avers,  statistician  of 
the  Associated  General  Contractors,  and  published  in  Engi- 
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hourly  wae.-s  paid  in  8  large  cities  to  11  building  trades  and  the  per  capita  monej  Indei  Increased  in  sub- 

The  All  Union  Wag«   is  one  recently  published  by  the  Bu-  stantlai  harmonj  between  the  years  1849  and  1914,  no  such  har- 

reau  of  Labor  and  "covers  the  principal   trades   (union)    In  mony  exists  .is  to  the  wage  Index  and  the  per  capita  bank  de- 

66  large  industrial  cent'-:  posit  index.  7et  in  1879  per  capita  bank  deposits  were  two  and  a 

Tabl                    .i  period  of  3u  years,  during  winch  Ameri-  quarter  times  per  capita  money,  and  In  1914  they  were  five 

can  labor  unions  have  experienced  moat    >l  their  growth,  and  and  one-half  times  per  capita  money,     it   is  commonly  be- 

ban    shown   their  greatest   aggresslvem           >■'    the    table  Ueved  thai  the  volume  of  bank  checks  has  the  same  effect 

shows  thai    factory   wag*                                        ite  w   union  as  the  volume  of  circulating  currency  on  wages  and  prices. 

prior  to  the  world   war.  and  at   a  much   more  rapid  Table   iv   completely  upsets   thai    theory,  whereas   it  estab- 

iring  the  war.    It  would  puzzle  Mr    Gompers,  I  think,  lishes   the   substantial   accurac)    "t    the    quantity    theory   of 

He  has  repeatedl]   said  that  the  Indue-  money  in  relation  to  wages. 

trial    salvation    of    the    worker    depi  '    i      upon    unionisation.  in    Kngineering   and   Com                     pril    7.    1920,   I   gave   a 

a                               in  nonunion  con                     of   commodltj    p                               n   the  Aug. 

men  ami  women),  prior  t>>  1914  Becured  as  rapid  an  increase  :{.  1921,  issue  I  gave  a  correcl  theory   of  wagi                    1  that 

In  wages  as  the  most  completel]  unl                ti  ides,  namely,  1  shall  not  now  repeal  either  thi                  or  tin-  'lata  used 

the  building  trades  in  the  larg  ad   during   the  Bve      1,,  substantiate  them.     Hut  n  d  article 

r.  tn  1914  t"  1919,  tin-  average  factory   wa(                   d  ma>    remember  that   1  used  dallj    wage  Indexi      compiled  by 

100  per  "tit.  whei                              building  trad.'  wage  in  8  Partner  and  by  tlio  r    s    Bureau  ol   Labor,  whereas,  in  this 

of  our  large  cities  increased  onl>    16  per  "tit.     Mr.  Gompers'  article   I   use  an  index   much   mor<    reliable,  not   only  because 

that  unions  lead  the  way  in  forcing  wage  advances  jt    js    based    on    all    the    wages    and    salaries    paid    by   all    the 

is  thus  shown  to  be  erroneous.     I   have   similar  wage  data  manufacturers  in  America,  but  because  it  is  an  annual  1 

back    10    1M9.    when    unions    were     almost     nonexistent      in  index  instead  of  a  daily  wage  Index. 

America,  and   the  data   tell   the   same   Btorj    as   is   told   in  since  Table  IV  completel]                     prevalent  theory  that 

Table  II   for  the  past  30  years,  namely,   that    average   union  "credit  money"  li    a  bank  chei     s)  affect   wage  levels  just  as 

not  led  but  have  followed  the  advances  in  other  real   money   1  currency)   does      I   ask    bankers  and   economists 

and  in  the  long  run  have  mereij    kept   pace  with  the  either    to    cease   their   advocacy    of   the    theory    or    to    show 

general  wage  movement.      Lei    DS    nov,    compare  the  average  wherein  I  have  misinterpreted  the  'lata  given  in  Table  IV. 

factory  wage  index  with  the  cost  of  living  index.     Table  III  There    is   at   present  before   America,    and.    indeed,   before 

gives  such  a  comparison:  the  entire  world,  no  more  important  economic  problem  than 

TABLE    En. — RELATIVE    WAGES    AND    COST   OF    LIVINC  the  problem  of  wage  and  price  levels.     It  is  a  problem  upon 

A}  aE,e        ^    .    •        Buying  which  it  would  pay  nations  to  employ  thousands  of  economic 

and  salary      Cost  of         power  of  ,    .                                           ,     , 

Year.                                                       index.        living.         income.  investigators,   if  need  be.     But   barely   a   baker  s   dozen  men 

*jj  In  Americs  have  been  giving  thi        -1  problem  any  real  study. 

1869                                                           '.    56              122               46  All  sorts  of  false  guesses   (I  can  not  call   them  solutions  of 

the   problem)    are   prevalent.     The   daily   newspapers   repeat- 

70               75               93  edly    print    such    guesses,    their     editors      being     apparently 

guided  by  the  name  or  title  of  the  author  of  the  guess,  rather 

1914                                                         "  100              100              100  than  by  any  evidence  that  the  author  has  spent  enough  time 

187              101  0n    this    problem    to    warrant    his     receiving    a    respectful 

The  "wage  and   salary   index"   in   Table  III   is  taken  from  hearing. 

Table   I   and    is   the   relative  annual   income   of  all   manufac-  This  article  will  be  sent  to  the  largest  daily  papers   and 

turing  employes,  according  to  the  I'.  S.  Census,  the  average  banks,    and    to   the   professors    of   political    economy    in    100 

income  for  the  year  1914  being  taken  at  100  per  cent.     The  colleges,  with  the  urgent  request  that  they  give  it  the  most 

"cost  of   living"   is   the  wholesale  commodity   price   index  of  careful  consideration. 

the  D.   S.  Bureau  of  Labor  for  the  year-   1889  to  1914;   and  

the  Falkner  index  prior  thereto;   but  for  the  years  1914  and  ^             i,r         w                       »          .1   .             r                .1 

1919  the  index  is  the  Bureau  of  Labor  "cost  of  living  index."  v^an      We     L.eam     Any  tiling     trom    tne 

The  "baying  power  of  income"  is  found  by  dividing  the  "cost  Cllinp^**^ 

of  living  index"  into  the  "wage  and   salary   index."     It    will  * 

be  observed  that  between  the  years  1869  and  1899  the  buy-  We  Americans  are  apt  to  think   that   we  can  learn   very 

ing   power  of  the   average   manufacturing   employe's   annual  little  from   foreign  countries,   and    perhaps   least  of  all  from 

income  increased  100  per  cent.     Then  followed  ten  years  of  China.     Yet  there  are  some   thing      that   the   Chinese   have 

practicallv  no  change;  and  then  came  an  increase  of  8  per  been  forced  by  necessity  to  stud}      •>>    carefully.     We  refer 

cent  in  the  ten  vears  ending  in   1919  '"    Particular   to   their  study  of   agriculture.     The   Chinaman 

I  call   particular  attention  to   the   fact    that   in   one  30-year  Probably   has   no   equal   as   a   "truck    gardener,"    not   merely 

period   (1869  to  1899)  the  buving  power  of  the  average  Amer-  because   he   is   a    hard    worker,    bul    because   he   has   studied 

lean    factory    employe   doubled.      Wh                        a    done    once  the  art  of  intensive   farming        !'!.,     average  Chinese   farmer 

can                            1        Science,    Invention,    engineering    and  "farms  less  than  an  acre  and                                family  on  It 

business    management,  if    untrammeled    bv    legislation    and  u  is  true  that  the  standard  of  Chinese  living   is   very  low, 

labor  union  restrictions,   can   be   relied   upon   to   double   the  but  this  8hould   not  obscure   the   fact    that    we    may    learn   a 

present  buving  power  of  the  average  American  in  the  next  e°°a  deal  from  Chinese  fan: 

More  than                                          Chinese  are   farmers.     They 
.     1    Wlll'call   attention    to   the    tact    that    since    1849  liv"    m    villages.   :""'   ™>l    On   their    farms,   as   a   rule.      Accord- 
ami   |"-r  capita  currency   l.av-   .nc,  eased  in   practically  to8    to    1:     Stanlej     Glines,    In    Stone    and    Webster    Journal, 
••   I'M. portion.     Table   IV   .hows   thi  ''"■  L'nited  S 

U*D     BANK         '  lha '"''"    a'"1 

l,|.:I,  ,  annual  wheat   crop;  ana  yel   the 

'  whole  of  (he  rice  area   produ.  • 

1    crops  each 

Dr     V    BE.    Kim,-,    formerly   prof r   of   agricultural    phys 

40                ...  the   University    of   Wisconsin,    In    his    b 

■11  Forty   Centuries"   states   that    we    In    the    United    States   have   Just 

learned  the  science  of  crop  rotation,  multiple  cropping,  fertil 

4v  nines    which    have    been    practised    in    China    :■ 

I  The  Chinese  grow   two.    three,   ami    even   four   crops      ti    the 

ii  year,     in  Bouthi  rn  1  Ihina  two  crops 

166  ar.-  grown;    In  Chlldang  Province  .1   crop  "f  ra  1 

.-..  «hi  :h   Is  followed  In  midsummer  by  a 

„  1.  not  unusual  - 

.-:  on   "In-  a  crop   of  wheat   followed   bj                           hen  1  ibbs   ■■      I 

on  Ing  in  thi- 

"lv,f;'r,,H^ 

rows  "f  beam    two-thirds  grown:  cotton  n«o 

(92) 
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n   planted,     This  is  a   g      I        imple  of  multiple  cropping. 
In  doing  this,   the  farmer  -akes  ad' 

nltro-chcmical.  and  biological  properties  er  may 

liave. 

The  average  rainfall  Is  higher  than 
preclpii  mostly  In  the  Bummer,    wl  lencj    la 

greatest,  from  a  crop-raising  standpoint. 

It  is  estimated  that  from  300  to  400  tons  of  wat<  I 
In  the  United  States  to  bring  a  ton  of  dry  substance  through  to  ma- 
turity. From  this  the  amount  of  water  required  to  feed  those  mil- 
lions may  be  guessed,  and  particularly  when  we  consider  the 
population  density.  We  see.  therefore,  how  easily  lack  of  water- 
causes  famine. 

Quick  maturing,   drought-resisting  millets  are  the  staple 
grown  wherever  water  is  not  available  for  irrigation.    This  allows 
them  to  secure  the  maximum  returns  in  seasons  of  drought   and 
where  the  rainfall  is  small. 

The  Chinese  are  vegetarians   (far  more  so.   perhaps,    than   any 
other  people)  and  Include  a  very  small  amount  of  an 
In  their  diets.     Hopkins,  in  his  "Soil  Fertility  nt   Ag- 

riculture" remarks  that  1.000  bu.  of  grain  have  at  least  five  times 
as  much  food  value  and  will  support  five  times  as  many  people  as 
will  the  meat  or  milk  that  can  be  made  from  them.  This  is  perhaps 
one  of  the  reasons  why  the  Chinese  raise  so  much  rice.  In  the 
succulent  forms  of  vegetables,  the  nitrogen  content  is  higher 
which  compensates  in  part  for  the  loss  of  meat 

The  growing  of  legumes  in   rotation   with   other 
extensively  for  the  purpose  of  fertilizing  the  soil,  and  this  process 
has  been  employed  for  centuries.     The  theory  is  that   these  plants 
act  as  hosts  for  lower  organisms  living  on  their  roots,  and   in  this 
way  help  to  maintain   soil   nitrogen.     Just   before   01 
crop  the  fields  are  frequently  sowed   to  clover. 

The  Chinese  have  used  irrigation  for  centuries,  and  their 
chief  crop,  rice,  is  a  <  rop  that  requin  >   quantity  of 

water. 

One  "i  the  difficulties  that  we  encounter  in  our  far  western 
i-  the  tendency  of  many  irrigated  lands  to  become 
so  Impregnated  with  alkali  as  to  kill  the  crops.  Is  it  not 
possible  that  the  Chinese  encountered  this  same  trouble 
several  centuries  ago.  and  solved  it  by  continually  flooding 
their  fields  with  water  in  which  a  food  plant  would  grow? 
Such   a   plant   is  rice. 

The  Chinese  have  not  been  scientific  in  their  solutions 
ricultural  and  industrial  problems;  but.  given  several 
centuries  for  development,  even  the  most  unscientific  race 
will  usually  discover  better  means  of  attaining  certain  ends. 
Often  the  discoveries  are  more  the  result  of  chance  than 
of  purpose.  This  undoubtedly  was  the  case  with  respect 
to  the  Chinese  discovery  that  tea  is  more  ■healthful  than 
"raw"  water  in  a  densely  settled  and  unsanitary  commu- 
nity. "Tea,"  says  Mr.  Glines.  "is  another  enormous  crop 
of  China,  and  is  probably  grown  to  make  boiled  water 
palatable."  We  think  that  the  Chinese  did  not  discover  that 
boiled  water  was  wholesome,  and  then  added  tea  to  it  to 
make  it  palatable,  as  Mr.  Glines  intimates;  but  rather  that 
tea  drinking  became  a  habit  in  a  certain  Chinese  community. 
and  thence  spread  to  other  communities  because  it  was 
observed  that  tea  topers  were  not  so  subject  to  typhoid 
and  other  intestinal  diseases.  An  allied  example  of  chance 
discovery  of  a  useful  practice  is  the  practice  of  sleeping 
with  closed  windows  in  malarial  districts.  This  was  done 
long  before  it  was  known  that  mosquitoes  infect  people 
with  malarial  germs.  Possibly  we  shall  ultimately  learn  that 
the  Chinese  made  this  discovery  also,  for  their  swampy  rice 
fields  must  be  great  breeders  of  "anopheles." 


Teaching  Men  to  Think 

Teaching  students  to  think  and  how  to  think  is  the  great 
problem  of  the  educator.  It  is  also  one  of  the  greatest 
problems  of  the  business  manager,  for  many  of  his  subordi- 
nates are  his  pupils  in  business  economics.  Such  teaching 
resolves  itself  into  five  parts:  (li  Arousing  and  sustaining 
the  learner's  interest;  (2)  imparting  knowledge  of  the  best 
methods  of  answering  questions;  i :'.  i  imparting  knowledge 
of  sources  of  information:  (41  habituating  the  learner  to 
gather,  classify,  analyze,  remember  and  compare  facts;  and 
(5)  training  the  learner  in  the  art  of  research  and  experi- 
mentation with  a  view  to  improving  existing  methods  and 
devices. 

Study  of  these  five  means  by  which  the  power  of  thinking 
can  be  cultivated  discloses  that  only  two  of  them  consist  in 
imparting  knowledge,  as  that  expression  is  ordinarily  used. 
The  other  three  methods  used  by  the  best  educators  are 
mental  training  or  coaching  methods,  and  they  are  far  more 


important    than    the   two   method      that    Involve    merely  the 
imparting    of    knowledge.     It     is    bei  ian    chemical 

teachers    have    been    better    mental    trainers    (ban    American 
.li.  lineal  teachers  thai  Germ  so  far  excelled  America 

in  chemical  progress,  both  theoretical  and  applied. 

Prof  L.  E.  Akeley.  Dean  of  the  College  of  Engineering  of 
the  University  of  South  Dakota,  has  said:  "No  very  remark- 
able success  is  at  present  achieved  in  helping  the  student 
to  become  a  thinker."  Approaching  the  problem  from  a 
psychological  point  of  view,  he  says: 

The  circumstances   under    which   the   human    being   will   n 
ncountera  some  difficulty  that  stands  in   the 
something  he  must  do.     The  surmounting  of  this   dlffl 
problem,  one  that  appeals  to  his  "felt  need."     Under  no  oth.  i 
ditions    does    the    human    animal    ever    reason.      In    our    teaching, 
cy  demands  that  we  appreciate   these  conditions  necessary 
to  the  reasoning  process.     The  sophomore  finds  physics  a  difficulty 
that   he   must   overcome.     If   this    "must"    is    simply   a   matter   of 
"getting  by"  the  student  will  have  gained  little  that  is  transferable 
to  the  solution  of  real  problems  of  engineering.     If  each   problem 
in   the  physics  course  has  a  fairly  well-apprehended  relation   to  a 
felt  need  of  the  student  as  a  future   engineer,  a  higher  grade  of 
efficiency  is  secured.     •••••• 

There  are  two  important  elements  in  the  reasoning  process. 
First  a  problem  whose  solution  appeals  to  a  felt  need  of  a  reason- 
ing being.  Second  Is  the  technical  equipment,  the  instrumi 
ties  with  which  he  attacks  his  problem.  The  first  element,  that 
of  the  "felt  need,"  must  be  developed  by  organizing  in  his  con- 
sciousness a  co-ordinated  group  of  ends  and  purposes.  These  ends 
are  the  incentives  to  vocational  interests  and  choices. 

The  second   element   is  made   up   of  a   disciplinary   training   in 
1     mathematical    and    experimental    devices    for    solving    the 
problem. 

The  first  element  should  have  a  logical  and  psychological  pri- 
ority to  the  second,  and  It  must  have  some  priority  in  time.  The 
student  must  have  the  felt  need  before  he  can  have  any  interest  in 
the  instrumentalities  useful  in  satisfying  it.  The  traditional  pre- 
sentation of  physics  subject  matter  puts  instrumentalities  before 
the  felt  need.  It  is  an  inversion  of  the  psychological  process  that 
fails  to  produce  mental  dyspepsia  only  because  the  student  is  more 
or  less  capable  of  protecting  himself  from  the  bad  methods  'if  his 
instructor.  The  difficulty,  the  problem,  should  be  uppermost  in  the 
thought  of  the  student.  The  instrumentalities  should  be  such,  at 
first,  as  suggest  themselves  readily  to  his  mind,  or  such  as  the 
instructor  may  quite  easily  suggest  to  him.  After  a  few  problems 
that  have  a  vital  relation  to  his  purposes  as  an  engineer  have  been 
solved,  the  interest  thus  developed  will  lead  him  to  some  ap- 
preciation of  the  need  of  more  elaborate  instrumentalities  for  the 
meeting   of   difficulties   closely   allied   to    those   already    overcome. 

Another  advantage  of  the  proposed  method  is  that  in  the  putting 
every  subject  in  physics  in  the  form  of  a  "problem,"  a  difficulty 
to  be  overcome,  and  in  giving  the  technical  instrumentalities. 
logical,  mathematical  and  otherwise,  a  subordinate  position  in  the 
student's  thought,  the  real  spirit  of  science  finds  embodiment. 
Science  has  advanced  in  spite  of  the  dogmatism  of  its  votaries. 
And  dogmatism  is  inevitably  engendered  when  emphasis  is  placed 
on  the  elaboration  of  theories,  of  laws,  or  principles,  of  definitions. 
These  all  assume  the  appearance  of  finalities.  Not  so,  when  the 
interest  In  these  Is  subordinated  to  that  in  real  difficulties  to  be 
surmounted  by  using  these  instrumentalities.  If  a  student  is  at 
all  susceptible  to  scientific  faith  he  is  distinctly  <li 
it  by  traditional  methods.  In  the  traditional  presentation  these 
instrumentalities  appear  as  a  vast  elaborated  system  whose 
acquisition  is  a  distinct  burden.  But  when  the  emphasis  is  upon 
the  vast  array  of  practical  and  vitally  important  problems 
few  simple  and  easily  understood  principles  will  readily  solve,  'lie 
latter  take  on  the  appearance  of  wonderful  labor  saving  devices. 

Few  are  they  who  are  trained  to  the  successful  use  of  theory 
and  many  are  they  whose  success  is  handicapped  i  •  >  scientific 
dogmatism.  A  man  who  directs  the  research  work  in  a  large  in- 
dustry told  me  he  would  not  have  technical  graduates  in  his  re- 
search work.     He  preferred   the   Ph.D.'s  of  the   universities       His 

mil  that 
a  tning  could  be  done  in  any  way  except  the  one  which  he  had 
been  taught.    His  education  was  a  finalit} 

This  last  paragraph  is  especially  worthy  of  careful  con- 
sideration by  engineering  teachers.  It  is  not  well  to  generalize 
from  the  experience  of  one  director  of  a  research  laboratory, 
but  it  would  be  well  to  make  a  systematic  inquiry  among 
such  directors  to  ascertain  whether  this  director  voices  a 
general  opinion  as  to  the  incapacity  of  technical  graduates 
as  research  workers.  We  doubt  very  much  whether  technical 
graduates  are  less  original  than  the  holders  of  Ph.D.'s;  but 
we  do  not  doubt  that  the  average  technical  graduate  is  still 
poorly  trained  as  a  thinker.  Usually  he  has  read  no  book 
on  logic;  and,  in  spite  of  the  obvious  defects  of  such  books, 
it   can   hardly   be    claimed    that   a    study    of   logic    does    not 
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Improve  the  thinking  powers  to  boi stent    Even  if  :i  Btudj 

of  logic  accomplished  no  more  than  to  lead  the  student  to 
think  about  thinking  it  would  he  valuable 
The  greatest  delects  in  present  method  ol  teaching,  it 
two  in  Failure  to  arouse  sufficient  Interest 
in  the  subjects  taught,  and  (2)  failure  to  habituate  the  stu- 
dent  to  Bearcb  for  Information  with  the  object  ol  using  it  to 
solv<  a  definite  problem  To  these  defect!  we  would  add  the 
third  that  was  discussed  at  length  In  our  issue  of  May  3, 
namely,  failure  to  habituate  the  student  to  memorise  facts 
with  a  \  lew  to  their  use  In  reasoning 


p'  =  712 


Economic  Size  of  Pipe  for   Power 
Purposes 

Bj    GH90ROB   E    LYON 

ent    ol    Mechanical 

Institute,  Troy,   N     > 

The  following  method  of  determination  of  economic  size  of 

earlj   brings  out  the  rele  mportant 

factors.    The  character  of  the  load  curve,  and  the  occurrence 

•  ral    different   load    curves    (which    represent    the   sea- 
sonal or  daily  variation  of  load  curves  throughout  the  veai  I 
is  considered.     The  ordinates  ol    the   load   curve    (power  vs. 
timel    are  supposed  to  be  proportional   to  the   rate  of  flow    in 
l',ii   an  hi.  or  one  in  w  bleb 

the  size,  number,  and  efficiencies  of  the  units  have  been  de- 
termined, the  load  curve   (powei    vs    time)   could  be  plotted 
as  q  vs.  time.     In  most  cases  the  results  agree  so  closely  that 
it  is  not  worth  while  to  plot  the  i|  \s    time  curve. 
Sj  inbols  Used. 

A  =  a       a 

A.  =  Annual  value  of  energy  lost. 

A:  =  Annual  cost  of  plpi 

b  =  A  constant  such  that  the  weight  of  the  pipe  in  pounds 
per  lineal  foot  =  btD. 

c  =  Cost  per  pound  of  pipe  in  place,  in  dollars. 

D  =  Diameter  of  pipe  in  inches. 

e  =  Overall  efficiency   of  plant 

e,  =  Efficiency  of  riveted  pipe  joint. 

I.  \- 

f  =  Coefficient  of  friction   in  formula  h'  =  f . 

2gD/12 

g  =  Acceleration  due  to  gravity  in  feet   per  second. 

h'  =  Loss  of  head  in  feet  due  to  pipe  friction. 

H  =  Stati<    head,  or  head  used  in  finding  t.  in  feet, 
i  =  Interest,    taxes,    maintenance,    depreciation,     etc.,     ex- 
pressed as  a  ratio. 

k  =  Sale  value  of  one  Kw.  hour,  in  dollars. 

K  =  A  coi  m  the  discussion. 

L=  Length  of  pipe  in  feet. 

N  =  Number   ol    days  during   'lie   year   that    the  conditions 
particular  load  curve  exists. 

p'  =  Horsepower  lost  at    any   instant,   due   to   pipe   friction. 

p'.  =  Horsepower    lost   at   100%    load    factor,    due    to     pipe 
friction. 

q'  =  Cubic  feet  per  second  flowing  in  the  pipe  at  any  instant. 

Q  =  Average  cubic  feet  per  second  flowing  in  the  pipe  dur- 
ing 24  hours. 

s  =  Allowi'  in  designing  the  pipe. 

t  =  Thickness  of  pipe  in    in 

T  =  Time  in  hours. 

v=  Velocity    of  pipe  flow  at  any  instant,  in  feet  per  second. 

W'  =  Energy   lost   in   horsepower   I i     i»-i    24   hours,  due 

to  varying  rate  of  flow. 

Energy  lost    in  horsepower  hours   pei    24  hours,  due 

it.-    cil     Hew. 

Z=:  |  load  curve 

I.  •,                            (i            (144)4  q 
h'  =  12  f and  v  = = 


'i 


h'  =  6260  ii. 


l>'  = 


I  62  :.i'|i'  • 


550 


i|ll  e 


ove  f or  1 


For  a  particular  installation,  p'  =  Kq',  where  K  =  712 


V 


Let  us  take  the  load  curve  as  shown  in  the  accompanying 
Bketch  as  representing  the  daily  variation  of  load  for  a  pro- 
posed  development  its  ordinates  represent,  very  nearly,  the 
varlal  Ion  ol  q  thi  oughout  the  daj 

I  he,,   W—   (  pdT  =  K  j    •'qMT. 

Also  since  p'i       KQ  .  we  may  write  the  following: 

W. 

W.  =  KQ*  X  24.  or  K  = , 

24Q» 
and  substituting, 


W"  =  W'„ 


■i  i  r 


24Q 
area  under  i  q*,  T  i  curve 


i  average  of  cubes  of  q)    X   24 


24  Q' 
average  of  cubes  of  load  curve  ordinates 


en  lie  of  average  load  curve  ordinates 
or  W'  =  W«  X  Z,  where  Z  stands  for  the  fraction  in  the  last 
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equation,   and    \\"  in   II  I1    hours   per  flay. 

fLeQ'  fLeQ* 

Now  W.  =  24KQ*  =  24(712) =  17100 , 

D'  D5 

and  if  we  take  n  equal  to  the  numbi  r  o  is  year  'bat 
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the  loinl  curve  living  a  loss  equal  to  W  occurs,  etc.,  tor  each 
type  ol  load  curve,  bo  that  SN=365,  the  total  numbei  o!  'lays 
per  vear,  we  have 

i l7100)fLe 
:v  loas  =  2(NW)=s2(NW'  Z)  =—  2(NQ«Z). 

D> 
If  k  equals  the  sale  value  of  one  kw.  hour  in  dollars,  then 
the  value  of  the  energy  lost 

.lTliiOi  (0.746)tLek 

=  A,  = ^  I  NQ  /•  I 

D" 
The   yearly  cost   of  the   pipe   may   he    found    as    follows: 
PXD 
The  thickness  in  inches  =  t  = ,  where  p  is  the  Intensity 

of  pressure  in  pounds  per  sq.  in.,  s  is  the  allowed  tension  in 
the  same  uniis.  e,  is  the  efficiency  of  the  joint  and  D  has  the 
same  value  as  used  above. 

( 0.434  )HD  H 

Then      t  = =  0.247  —  D. 

2se,  se, 

Let  the  -weight  of  pipe  in  pounds  per  lin.  ft.  =  btD  and  the 
total  weight  will  equal  btDL. 

Substituting  for  t  the  value  found  above  we  get  total  weight 
bHL 
=  0.217 D3 


se. 


The  yearly  cost  of  pipe  =  A:  =  0.217 


bHLci 


n- 


The  most  economical  size  of  pipe  is  that  size  for  which  the 
sum  of  the  annual  value  of  the  energy  lost  plus  the  annual 
cost  of  the  pipe  is  a  minimum. 

dA 

Hence      A  =  A,  +  A,  =  a  minimum.  .'.  =  O. 

dD 
Substituting  for  A,  and  A.  we  have 

1  bHLci 

A  =   (12750)fLek  2(NQ3Z)— +  0.217 D1 

D3  se, 

dA  1  bHLci 

and    =  —  (63750)fLek  2(NQ'Z) (-0.434 D  =  0 

dD  D"  se, 


7/(147000)fese,k  S(NQZ) 


(1) 


bHci 

From  this  value  of  D,  the  thickness  t  may  be  found  as 
HD 

t  =  0.217  . 

se. 
Suppose  now.  that  the  thickness  of  the  pipe  is  fixed  and 
the  problem  is  to  find  the  most  economic  diameter.  This 
might  be  the  case  where  the  pipe  line  closely  follows  the 
hydraulic  gradient  for  a  distance  before  dropping  down  to 
the  power  house. 

The  total  weight  of  pipe  =  btLD  since  btD  =  weight  per 
foot. 

Then      A.  =  btLciD. 

1 
As  before  A,  =  ( 12750) fLek  2(NQ3Z)  — 

D3 

1 

.'.     A  =  A.  +  A.  =  (12750)fLek  Z(NQ*Z) r  btLciD 

D3 
dA  1 

=  —(63750)  fLek  2(NQ'Z) h  btLci  =  O 

dD  Dc 


Hence      D  = 


6  /(63750)fek  S(NQ3Z) 


\ 


(2) 


btci 


It  may  be  seen  from  equation  (1)  that  under  low  heads, 
the  value  of  D  may  be  such  that  the  resulting  thickness  of 
pipe  will  be  too  small  for  practical  use.  If  this  be  the  case, 
the  minimum  value  of  t  (depending  on  the  problem)  should 
be  substituted  in  equation  (2)  and  D  found  from  that  equa- 
tion. It  will  also  be  noticed  (equation  1)  that  D  decreases 
as  H  increases.  Hence,  if  the  head  on  the  pipe  varies  along 
the  length  to  a  great  extent,  there  may  be  economy  in  using 
several  diameters,  decreasing  as  the  head  increases. 


Method    of    Tapping    Large    Steel     Mains 
Under  Pressure 

Both  the  operating  mechanism  and  method  for  cutting  cast 
iron  mains  and  steel  mains  are  similar  but  the  latter  work 
involves  certain  features  not  present  in  making  connections 
to  cast  iron  mains.  Some  useful  suggestions  on  tapping  steel 
mains  were  given  by  Mr.  D.  F.  O'Brien,  president  and  man- 
ager, the  A.  P.  Smith  Mfg.  Co.,  Eas!  Orange,  N,  J.,  in  a  paper 
presented  at  the  last  annual  convention  of  the  American 
Aorks  Association,  from  which  the  matter  following  is 
taken 

Steel  mains,  whether  made  by  the  alternate  inside  and 
outside  courses,  or  put  together  by  telescopic  taper  | 
are  never  truly  cylindrical.  Measurements  taken  only  a  few 
feet  apart  on  the  same  section  of  pipe  will  frequently  show 
marked  differences  in  contour.  This  fact  occasions  the  prin- 
cipal difficulty  in  making  connections  to  steel  mains,  as  the 
lead  joint  between  the  tapping  sleeve  and  the  pipe  cannot 
be  satisfactorily  calked  unless  the  joint  is  approximately  uni- 
form and  of  the  correct  thickness.  To  secure  that  condition 
it  is  necessary  to  get  the  dimension  of  the  pipe  where  the 
sleeve  encircles  it  at  both  ends,  also  the  dimension  from  the 
vertical  axis  around  to  the  horizontal  seam,  the  width  of  the 
seam,  the  height  of  the  rivet  head  and  the  contour  of  the 
pipe  at  these  several  points. 

The  contour  of  the  pipe  may  be  determined  by  encircling 
it  with  a  flat  ring  whose  diameter  is  larger  than  the  largest 
axis  of  the  pipe.  This  ring  is  adjusted  on  the  pipe  by  thumb 
screws  placed  on  the  horizontal  and  vertical  axis.  The  dis- 
tance from  the  inner  edge  of  the  ring  to  the  pipe  is  noted  at 
intervals  of  30  degrees  around  the  periphery.  From  those 
dimensions  the  contour  may  be  determined  with  enough 
exactness  for  practical  purposes.  The  pattern  for  the  sleeves 
is  made  to  conform  to  the  dimensions  and  contour  of  the 
pipe,  due  allowance  being  made  for  the  desired  thickness  of 
joint.  A  cylindrical  sleeve  made  to  the  nearest  dimensions 
to  suit  the  pipe  would  result  in  the  sleeve  and  main  being 
metal  to  metal  at  some  point,  while  at  others  there  would 
be  1%  to  2  in.  of  lead,  which  could  not  be  satisfactorily- 
calked.  For  this  reason  we  must  be  certain  that,  with  the 
correct  pattern,  care  is  exercised  in  the  foundry  in  the  mold- 
ing and  cooling  of  the  casting  to  see  that  it  is  in  accordance 
with  the  pattern.  If  care  is  not  taken,  deformation  will  re- 
sult, necessitating  scrapping  the  casting  or  causing  trouble 
in  doing  the  work. 

The  sleeve  casting,  being  tested  and  found  correct  to 
dimensions  and  contour,  is  adjusted  on  the  pipe  in  the  same 
manner  as  in  doing  the  work  on  cast  iron  mains.  In  pouring 
and  calking  the  joint,  however,  greater  care  must  be  exer- 
cised, as  the  sheet  steel  presents  a  comparatively  smooth 
surface  and  the  lead  will  not  form  as  close  frictional  contact 
with  it  as  it  does  with  the  rough  surface  of  cast  iron  pipe. 
For  that  reason  it  is  advisable  to  pour  the  lead  as  hot  as 
possible.  The  calking  should  be  done  only  by  one  who  has 
had  experience  in  working  on  steel  mains  as  the  lead  must 
be  thoroughly  upset  and  driven  hard,  but  in  doing  so  the 
pipe  must  not  be  deflected. 

In  operating  the  cutting  mechanism  in  both  the  drilling  and 
cutting  operations,  particular  attention  must  be  given  to 
keep  a  light  continuous  feed.  If  the  feed  is  interrupted  the 
cuttings  will  be  ground  between  the  cutters  and  the  pipe, 
thus  destroying  the  cutting  edge  which  makes  necessary  the 
removal  of  the  cutter  for  resharpening — something  that 
should  be  avoided.  On  the  other  hand,  if  the  feed  be  heavy 
or  erratic,  the  pipe  is  so  flexible  that  it  is  easily  deflected 
and  the  lead  joint  broken  or  worse  still,  one  of  the  teeth  of 
the  cutter  may  be  broken  which  means  the  removal  of  the 
cutter. 

These  several  obstacles  may  be  readily  overcome  by  abso- 
lute attention  to  the  several  details,  taking  care  that  this 
work  is  entrusted  to  men  who  have  had  experience  in  this 
particular  line. 


New  Irrigation  Laboratory  for  California. — The  Division  of 
Irrigation  Practice  of  the  University  of  California  is  install- 
ing a  complete  field  laboratory  at  Davis  which  will  be  used 
for  instructional  and  demonstrational  purposes.  This  will  in- 
clude all  types  of  equipment  used  in  orchard  and  alfalfa 
irrigation,  both  from  open  ditches  and  concrete  pipe  line. 
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Special  Features  of  Recent  Filter  Plant  Design 

Small   Plants  Designed  for  Economy  of  Construction  and  Operation,  Described   in  Paper  Presented 
at  Meeting  of  Illinois  Section,  American  Water  Works  Association,  March  29,  1922 


Bj    PAUL  HANSEN 


rapid  sand  nitration  has 
economical  and  efficient  method  ot  water  purification  there 
has  developed  a  tendency  toward  over-standardization.  That 
is  to  Bay,  too  man]  "i  the  details  .ire  regarded  as  definitely 
settled  and  perfected;  and  engineers  and  filter  companies 
are  not  always  as  alert  as  they  should  be  i"  possible  improve- 
ments or  to  the  adjustment  ol  design  to  the  particular  water 
to  be  handled  or  to  the  particular  place  where  the  plant  is 
to  be  built 
Improvements  are  as  a  matter  ol  facl  being  made  and 
honld  have  due  recognition,  bul  there  Ii  lacking  the 
same  i  thai    was  apparent   about    fifteen   to  twentj 

years  ago.  Perhaps  the  discouragement  lies  In  the  tact  that 
with  tin  present  development  ol  rapid  sand  filtration  further 
improvement  must  be  looked  for  in  the  refinement  of  details 


Fig.   1. — General   Plan   of   Plant  at   Harrodsburg,   Kentucky. 

rather  than  in  changes  of  a  striking  or  radical  nature,  and 
this  in  turn  may  make  lack  of  progress  more  apparent 
than  real. 

The  object  "i  this  paper  is  to  stimulate  a  little  thought 
along  the  lines  of  filter  design  improvement  by  describing 
a  few  efforts  in  recent  experience,  principalis  our  own.  and 
perhaps  to  throw  out  a  tew  suggestions. 

In    Mime    recent   designs    of   relatively    small    filter    plants 

ranging    in    size    from    one  hall    million    gallons    per    day    to 

lay,  we  have  kept   In   mind   especially 

curing   of   0  onomles.    In   all   of   these   cases 

nated  the  design  with  the  pumping  station 

liable  the  pump  attendants  to  operate  the  Biters. 

One    Man   Operated   Plant. — In   the  case  of  a   small    plant    at 

Harrodsburg,  Kentucky  (Pig.  1),  it  will  be  possible  for  one 
man  per  shit t  to  operate  the  entire  waterwoi         I  made 

possible  by  the  installation  of  an   i  pment    which 

will  carry  the  ordinary  load.    The  old  steam  pumping  equip- 

' andby.    Should  it 
at  an  team   pumping  equipment    tor 

any  length  of  tlmi  to  bin    extra  labor 

for  firing  the  boiler. 

At    Whiting,    Indiana,    and    Winnetka,    lIlinuK    the    pumping 

equipment  hat   been   made  accessible  to  the  filter  plant   so 

that  on  the  night  shift  it   will  not  be  necessary  to  have  a 

filter  attendant     Howevi  ol  suffl- 

warranl  the  employment  ol  one  filter  attendant 


on  each  ol  the  two  day-time    hitl      In  the  Winnetka  plant 

a  .-mall  tunnel  was  built  to  give  free  access  between  the  filter 
plant  and  the  pumping  station.  This  tunnel  also  has  the 
additional  merit  of  providing  a  gallery  for  water  and  steam 
pipes  and  electric  conduits  in  a  manner  to  give  them  free 
accessibility . 

Saving  in  Pipe  Without  Crowding.  —  Kconomy  effected  in 
our  recent  designs  for  small  plants  is  obtained  through  the 
relative  arrangement  of  reaction  chamber,  sedimentation 
basins  and  filters.  In  a  600,000  gallon  per  day  plant  like  that 
at  Harrodsburg  and  a  3,000,000  gallon  per  day  plant  like  that 
at  Winnetka  it  is  feasible  to  place  the  coagulating  basins 
opposite  the  filters  in  such  manner  that  all  of  the  piping  for 
tbe  entire  filter  plant  may  be  placed  within  a  single  pipe 
gallery.  This  very  materially  reduces  the  tonnage  of  cast 
iron  pipe  required.  It  is  difficult  to  express  the  exact  saving 
in  tbis  way,  but  in  round  numbers  the  arrangement 
effects  a  saving  of  about  10  per  cent  on  tonnage  of  cast  iron 
pipe  as  compared  to  several  less  compact  layouts  originally 
considered.  Not  only  has  this  arrangement  the  merit  of 
economy,  but  it  very  greatly  simplifies  operation  inasmuch 
as  the  filter  operator  must  take  hut  a  very  few  steps  to 
reach  any  controlling  valve  in  the  entire  plant.  The  arrange- 
ment also  brings  one  end  of  the  coagulating  basins  and  the 
reaction  chamber  within  the  filter  superstructure  so  that  the 
operator  may  with  the  greatest  possible  ease  observe  the 
effect  of  coagulation.  A  further  economy  in  this  arrangement 
is  the  reduction  of  the  size  of  superstructure  required  for 
the  plant. 

The  pipe  galleries  have  been  designed  so  as  to  give  a  free 
passage  from  end  to  end  with  ample  head  room  as  shown  in 
Figures  2  and  3.  This  is  of  very  great  value  in  giving  access 
to  the  numerous  pipes  and  valves  used  in  connection  with  the 
filters  and  sedimentation  basins,  and  also  in  giving  access  to 
the  filter  rate  controllers  for  making  repairs  and  adjust- 
ments. The  value  and  economy  of  a  clear  pipe  gallery  can 
only  be  fully  appreciated  by  those  who  know  the  difficulty 
of  taking  out  a  pipe,  repacking  or  repairing  a  valve,  or  taking 
apart  a  rate  controller  in  a  crowded  pipe  gallery  of  the 
old  type. 

The  free  passage  through  the  pipe  gallery  not  only  repre- 
sents economy  through  giving  greater  accessibility  to  the  com- 
plex piping  but  actually  represents  a  saving  in  pipe.  Thie  has 
been  accomplished  largely  through  the  use  of  a  single  four- 
way  specially  designed  casting  at  the  lower  filter  opening. 
This  incidentally  is  the  only  specially  designed  casting  in 
the  whole  pipe  gallery.    All  the  other  specials  are  standard. 

Lighting  and  Its  Importance.  There  can  be  little  argument 
as  to  the  advantage  of  light  in  filter  plants.  Yet  as  a  matter 
of  fact  this  has  often  been  neglected  in  most  designs  so  that 
many  parts  of  the  plant— more  particularly  the  pipe  gallery — 
have  been  dependent  upon  artificial  light.  Moreover,  the 
crowded  condition  of  pipe  galleries  and  other  parts  due  to 
a  multiplicity  of  piping  has  prevented  a  proper  dissemination 
of  light.  In  the  designs  for  recent  plants,  special  considera- 
tion has  been  given  to  the  matter  of  having  a  flood  of  light 
in  all  parts  of  the  plant  that  should  he  readily  accessible  for 
inspection  and  repairs — more  particularly  the  pipe  gallery 
and  filters.  Economy  of  light  is  difficult  to  estimate  in 
dollars  and  cents,  but  there  can  be  little  room  for  doubt  that 
laborers  working  on  piping  and  valves  and  dependent  upon 
imperfect  artificial  light  an-  serlouslj  handicapped  and  in- 
evitably work  more  slowly.  A  measurable  portion  of  their 
time  is  taken  up  in  adjusting  and  shifting  extension  lamps  so 
as  to  get  a  clear  view  of  their  work.  The  most  serious  objec- 
tion to  lack  of  light,  however,  that  the  dark  plac 
invariably  neglected  Leak-  aim  breakages  go  unattended 
and   cleanliness  is  generally  ignored. 

Chemical    Handling. — It   is   important   to  give   careful  con- 
sideration  to  the  arrangement   of   chemical    preparation   and 
feed   devices     The  main   consideration    is   to   have  them  so 
accessible  thai  the  attendant  will  have  no  excuse  for 
neglecting   their  proper  operation     In   the   larger  plants  we 
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Piping    Plan   of   Harrodsburg   Plant. 


have  found  it  desirable  to  arrange  for  the  preparation  of 
chemicals  on  a  second  floor  and  also  provide  space  at  this 
point  for  the  storage  of  chemicals.  This  is  typical  of  the 
Winnetka  plant  and  the  Whiting  plant.  This  arrangenent 
greatly  facilitates  the  labor  involved  in  dissolving  and  mixing 
the  chemicals  or  discharging  the  chemicals  into  a  dry  feed 
machine,  notwithstanding  the  fact  that  this  places  some  of 
the  operations  on  another  floor.  In  the  very  smaJl  plants, 
however,  like  that  at  Harrodsburg,  it  has  been  found  prac- 
ticable to  place  the  entire  chemical  preparation  and  feed 
devices  within  the  operating  room.  In  all  cases,  to  facilitate 
the  hoisting  of  chemicals,  some  form  of  elevator  is  used.  In 
the  case  of  Whiting  and  Winnetka,  the  elevator  can  carry 
both  freight  and  passengers.  In  Harrodsburg,  however,  a 
small  lift  will  be  used  which  will  consist  either  of  some  form 
of  block  and  tackle  arrangement  or  a  form  of  dumb  waiter. 
In  all  of  the  plants  it  is  easily  possible  for  the  filter  operator 
to  handle  the  chemical  feed  devices;  though  during  periods 
when  consignments  of  chemicals  are  received,  one  or  two 
laborers  will  be  required  to  help  place  the  chemicals  in  the 
storage  space. 

In  all  cases  the  chlorine  apparatus  and  the  laboratory  are 
placed  in  close  proximity  to  all  of  the  filter  operations.  At 
Whiting  and   Harrodsburg  they  are  on   the   same   floor  and 


within  but  a  step  or  two  of  the  operating  devices.  At  Win- 
netka. however,  it  was  found  necessary  to  place  the  labora- 
tory on  the  second  floor  adjoining  the  storage  space  for 
chemicals.  While  not  ideal,  this  arrangement  is  not  believed 
to  involve  any  material  disadvantages. 

Valve  Operation. — In  the  Whiting  and  Winnetka  plants 
the  filters  have  been  equipped  with  hydraulically  operated 
valves  inasmuch  as  this  is  warranted  where  four  or  more 
filters  are  used  and  on  account  of  the  larger  size  of  the  valves. 
Hand  operation  would  take  considerable  time  and  consider- 
able effort.  In  the  small  plants,  however,  like  that  at  Har- 
rodsburg with  only  two  filter  units  of  small  size,  hand 
operation  is  entirely  practicable  and,  of  course,  represents 
an  economy  in  first  cost. 

Summary. — In  the  foregoing  we  have  discussed  primarily 
those  matters  which  have  a  relation  to  economies  in  operat- 
ing attendance,  maintenance,  upkeep  and  fixed  charges.  It 
is  important,  however,  to  remember  that  the  sedimentation 
basins  must  be  designed  with  careful  regard  to  the  character 
of  the  water  to  reduce  to  a  minimum  the  amount  of  chemical 
treatment  required. 

The  cost  of  chemicals  is  a  very  considerable  item  in  filter 
operation,  generally  amounting  to  something  like  30  per  cent 
of    the    total    operating    costs    at    a    small    installation    and 
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Fig.   3— Section   B-B   of   Fig.   2. 


perhaps  much  more  than  this  In  the  case  ol  larger  plants.   It 
may  i  :  install   larger  sedimentation   basins,  even 

though  this  involves  an  Increase  in  the  first  cost,  provided 
it  can  be  demonstrated  that  the  reduction  in  operating  costs 
will  represent  a  net  reduction  in  total  annual  costs,  it  is 
significant  thai  the  modern  tendencj  is  toward  larger  sedi- 
mentation basins.  Another  possibility  for  saving  alum  is  the 
■  on  of  a  proper  size  of  sand  \  relatively  tin-'  sand 
with  certain  types  of  water  may  permit  a  material  reduction 
of  alum  and  effect  net  economies  even  with  shorter  filter 
runs  and  more  wash  water. 

At    Sacramento,   studies    indicated   an   economy   of   stirring 
■     ii  chambers  as  compared   with  baffles;  and 
tiny   also  showed   it  feasible  to  use  larger  and  fewer 
in  the  underdrain  system  than  is  ordinarily  done  in  practice. 

There  is  also  an  opportunity  to  effect  real  economies  on 
total  annual  costs  by  providing  a  proper  storage  of  filtered 
water.  Ii  sufficient  storage  is  not  provided  it  means  that 
the  filters  must  be  operated  beyond  their  normal  capacity 
which  will  require  additional  quantities  of  coagulant  and 
larger  quantities  of  wash  water  for  the  Biters,  More  serious, 
however,  is  the  danger  of  delivering  an  imperfectly  filtered 
and  sterilized  water  when  the  filters  are  operated  very  mate- 
rially above  their  normal  capacity. 


Recent  Developments  in  Aerial  Wire 
Ropeways 

From  Time      I  menl     London. 

Some  recent  applications  of  aerial  wire  ropeways  were  de- 
:   by   Mr.  .1.  Walwyn   Whit.-  in  a   paper  read  before  the 
Lit  erpc.nl  Engineering  Soi 

He  pointed  out  thai  there  are  two  main  types  of  ropeways. 
in  tin    tirsi  and  earliei   type,  one  rope  onlj   is  employed  for 
taining  the  weight  ol  the  load,  and  tor 
transporting  it  along  from  one  end  ol  the  line  to  the  other 
This  rope  la  Bplicei  endless  loop,  one  end  of  which 

passes  round  the  driving  pulley  at   the  driving  terminal,  and 
d  round  a  tension  pullej    il  the  return  terminal. 
Ined   at   Intervals  of  about  100  yd.  by  sup- 
porting sheaves  mounted  on  standards  of  wood,  ot  steel,  and 

latterly    occasionally    of    reinforced    concrete,        This    simple 

■ I      ...iii    .lid    to 

end,   the  gradients  easy,   and   the   individual    loads   relatively 
small 

in  the  second  and  more  elaborate  type,  twi  rather 

Two  <,f  these  ropes  are   fixed,  anil 

Dd   of   lb.-   hi:  I,,   in,,   other,  one 

end    of    each    rope    being    usually    anchored    down,    while    the 

■  nd  passes  ovet  a  balance  weigh!  to  keep  the  rope  up  to 

-    and  t<,  compensate  for  the  varying  length  oi  rope, 


owing  in  stretch  and  variations  in  the  temperature.  The 
loi  di    :n  "  sii  ipended  from  <  bla  ■  "i"    I  i  ■  uple  of 

wheels  though  In  the  case  of  heavy  loads  of  about 
lour  tons  and  upwards  four  carrier  wheels  are  usuallj  Bin- 
..is  are  traversed  from  one  end  of  the  line 
to  the  other  and  back  again  bj  means  of  a  third  rope  called 
the  haulage  rope.  This  rope,  like  the  one  rope  in  the  first 
type.,  is  spliced  endle      In  situ,  and   |  ind  the  driv- 

ing pulley  at  one  end,  and  around  the  return  or  tension  wheel 
at  the  other  terminal.  The  Bxed  carrying  ropes  are  supported 
at  intervals  of  100  and  200  yd.  or  so  by  rope-bearing  saddles 
mounted  on  standards  as  in  the  first  type.  The  standards  are 
also  provided  with  running  sheaves  or  rollers  for  supporting 

Illage  rope,  which  is  constantly  running  when  the  rope- 
way is  at  work.  The  supporting  ropes  being  fixed,  they  can 
be  as  stiff  and  as  heavy  aa  may  be  desired,  and  consequently 
can  be  made  with  a  very  high   factor  of  safety. 

The  carrying  sheaves  are  usually  provided  With  hall  or 
roller  bearings,  thus  giving  a  very  low  coefficient  of  tractive 
effort,  but  as  these  bearings  are  rather  •  spensive,  a  cheaper 

i  bearing  has  recently  been  introduced  which  has  pro- 
dui  .  ii  excellent  results.  In  this  form  pari  of  the  bearing  sur- 
face of  the   hushing   is   actually   cut   away,   so   as   to  form  a 

of  inclined  planea  round  the  inside  of  'he  bearing,  and 
running  through  the  whole  length  of  bearing  except  for  a 
short  length  of  close  fitting  collar  .it  ..uii  end,  which  is  pro- 
vided to  keep  out  the  dust  and  '  "tain  the  lubricant.  These 
Inclined  planes  are  made  double,  that  is.  facing  In  each  dl- 
ii  i  tinn  of  revolution,  so  that  they  will  function  In  whichever 
direction  the  wheel  is  running,  and  tin  re  are  usually  five 
series  of  them  In  a  bearing,  ui  the  series  are  connected  to- 
gether by  a  groove  at  each  end  of  the  bearing  just  inside  the 
collar.  The  grooves  are  filled  with  oil  or  other  lubricant, 
which  they  supply  to  the  Inclined  planes;  in  another  form  a 
hole  is  drilled  up  the  center  of  the  spindle,  with  one  or  more 
transverse  hole  connecting  the  main  central  hole  with  the 
OUtslde  cif  fhe  spindle,  and  thus  to  the  inside  of  the  bearing. 
One  great  advantage  enjoyed  by  the  double  rope  or  bi-cable 
System  is  the  ease  with  which  angles,  both  vertical  and  hori- 
sontal,  can  be  made  absolutely  automatically,  and  another  is 
thai  the  carriers,  whether  loaded  or  empty,  are  returned 
around,  the  return,  terminal  absolutely  automatically.  In 
addition,  the  grippers  on  modern  Installation  are  usually  of 
the  automatic  gravity  type,  that  Is,  the  weight  of  the  load  it- 
self gives  the  gripping  power  on  the  hauling  rope,  with  auto- 
matic engagemi  d<  and  disengagement  to  and  from  this  rope, 
so  that,  as  a  matter  of  fact,  the  carriers  are  neveT  to 

by  hand  from  the  time  they  leave  the  loading  rail  until  they 
arrive  back  empty  and  are  automatically  detached  from  the 
hauling  rope  and  run  up  to  the   buffer  on  the  loading  rail, 

Where  tbej  are  brought  UP  and  stand  reach  for  their  next 
load. 
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Stresses  in  Concrete  Drain  Tile 


By  J.  A.   WISE, 

i.-.-r    Bureau 
x  -  ■ 


s    Depart- 


Wliile  considerable  work  has  been  done  in  testing  tile  and 
concrete,  and  in  determining  the  pri  urring  in  the 
trenches,  the  results  of  such  Investigations  have  not  been 
applied  to  a  rational  design  for  concrete  tile.  The  customary 
wall  thickness  used  is  one-tenth  of  the  Internal  diameter. 
For  tile  up  to  20  in.  a  corrugated  outer  form  Is  used,  but  the 
usual  size  and  number  of  corrugations  is  such  that  their 
effect  need  not  be  considered.  Where  the  corrugations  are 
large  and  continuous,  a  correction  will  be  introduced 
but  for  the  first  formulae,  the  tile  will  be  assumed  BD til 

The  bending  moments  existing  in  tile  under  external  pres- 
sure nave  been  worked  out  by  Prof.  Talbot  (Bulletin  22  of 
the  Illinois  Experiment  Station)  and  by  Marston  and  Ander- 
son of  the  Iowa  Engineering  Experiment  Station.  The  last 
two  have  also  determined  the  pressures  in  trench  b  and  their 
results  will  be  used  later  on  in  this  paper.  For  tile  whose 
top  fourth  and  bottom  fourth  are  imbedded,  the  bending 
moment  is 

W 
M  =  .1000— (d -ft) 
12 
where  M   is  the  bending  moment  in  inch   pounds,  W  is  the 
load   per  linear  foot  and  is  equivalent  to  the  ordinary  sup- 
porting strength  of  the  A.  S.  T.  M.  Specifications,  d  is  the 
diameter  in  inches,  and  t  is  the  thickness  of  wall  in  inches. 

This  moment  occurs  at  a  and  b  in  Fig.  1.  The  method  of 
loading  shown  is  known  as  the  sand  bearing  method  for  the 
testing  of  tile  and  also  approximates  the  worst  loading  con- 
ditions met  with  in  practice  in  trenches. 

For  an  unreinforced  concrete  beam,  the  tensile  stresses 
reach  their  ultimate  values  long  before  the  compressive 
stresses  do,  and  so,  in  discussing  conditions  at  failure,  a 
parabolic  law  of  variation  for  the  tensile  stress  and  a  linear 
law  for  the  compressive  stress  may  be  assumed.  In  numerous 
works  on  concrete  it  has  been  shown  that  these  laws  ap- 
proximate the  truth  very  closely.  As  our  section  is  uniform 
in  width  our  curve  of  stress  variation  must  be  continuous, 
and  therefore  the  curve  of  tensile  stress  must  be  tangent  to 
the  line  of  compressive  stress  where  they  meet,  i.  e.,  at  the 
neutral  surface.  Due  to  this  fact,  and  also  because  our  ma- 
terial acts  differently  in  tension  than  in  compression,  the 
neutral  surface  will  not  be  at  the  center  of  the  tile,  but  will 
move  toward  the  side  that  is  in  compression.  We  will  assume 
that  we  are  dealing  with  a  straight  beam  in  the  vicinity  of 
a  and  b.  While  this  is  not  so,  for  we  have  a  curved  beam, 
yet  it  can  be  shown  that  for  the  ratio  of  wall  thickness  to 
diameter  usually  found  in  tile,  the  difference  is  practically 
inappreciable. 

Figure  2  shows  a  section  of  the  tile  at  a  or  b.    The  shaded 
portions  represent  the  stresses.     The  tensile  stress  is  repre- 
sented by  a  parabola  whose  vertex  is  at  A,  and  referring  it 
to  the  X  and  Y  axes  shown,  its  equation  is 
y1  =  4cx. 

To  determine  the  value  of  c  we  substitute  the  values  of 
one  point  on  the  curve,  y  =  kt,  x  =  fi    (ft   is  the  maximum 
tensile  stress  and  U  is  the  maximum  compressive  stress). 
k't» 

4f, 
Therefore  the  equation  of  tensile  stress  is, 
k'tJ 

y'  = x    (1) 

ft 
Since  the  tensile  and  the  compressive  stress  curves  have  a 
common  tangent  at  the  neutral  surface, 
dy         (l-k)t 


dx 

U 

kt 

(l-k)t 

2f, 

U 

ft 

k 

(2) 

f,         2(l-k) 
The  area  of  a  parabola  from  the  origin  to  (x,  y)  is  2/3  x  y, 
and  equating  the  total  tension  to  the  total  compression. 


2 
—  f,  k  t: 

3 
f. 


:— (I-k)  tfc 


3(l-k) 


>  4k 

combining    (2)    and    (3), 
k  3(l-k) 


•  (3) 


2(l-k)  4k 

k'  3 

==  —  or 

(1-k)'        2 

V3 
k  = 


(1-k) 
1.732 


V2 


.(4) 


V'3+V2 
f.  .551 


3.146 


•  =  .6125 


.(5) 


fc       2  x  .449 

Equating  the  bending  moments,  and  taking  moments  about 
a  point  in  T  (since  the  centroid  of  a  parabola,  y1  =  4  c  x,  is 
3/8  yi  from  the  X  axis  where  yi  is  the  boundary  ordinate; 
and  the  centroid  of  a  triangle  is  2/3  the  distance  from  a 
vertex  to  the  opposite  side), 


M  =  -f(.  (1-k)  t 
2 


-(1-k)  t  +  -kt 
3  8 


W 
=  .1— (d  +  t) 
12 


1  2        1     \  .1 

-fc  (1-k)  t k     t  =  —  W(d-ft) 

2  \3       24     '  12 


AftlUJ 


W(d  +  t) 


(6) 


f.  =  .0353- 


W  (d  +  t) 


(7) 


By  means  of  the  above   formulae   Table  I  has   been   com- 
puted, the  modulus  of  rupture  being 
w  I  d  +  t) 

.05 

t1 

We  have  thus  shown,  that  for  the  same  quality  of  concrete, 
the  customary  ratio  of  wall  thickness  to  diameter  is  not  con- 
sistent with  the  A.  S.  T.  M.  requirements.  We  will  also  show 
that  the  A.  S.  T.  M.  requirements  bear  no  relation  to  the  load 
that  the  tile  must  carry.  It  is  true  that  paragraph  36  of  the 
A.  S.  T.  M.  Specifications  provide  for  tile  of  greater  strength 
in  deep  cuts,  but  it  is  an  optional  paragraph  and  is  not  much 
used.  It  is  also  ambiguous  in  that  it  does  not  specify  any 
procedure  in  the  event  of  the  tile  cracking  in  the  ditches, 
nor  does  it  place  any  time  limit  upon  such  an  event. 

Let  us  proceed  to  design  one  drain  tile  in  a  rational  man- 
ner. We  shall  assume  that  the  concrete  used  is  all  of  the 
same  quality.  This  assumption  really  favors  the  large  tile 
as  they  can  be  made  of  coarser  mixtures  and  wetter.  As  a 
reasonably    attainable    figure    we    shall    assume    the    tensile 


TABLE    I. 

Ordinary 

Maximum 

Diam. 

Thick- 

supporting    -Modulus 

Maximum 

com- 

of 

ness  of 

strength             of 

tensile 

pressive 

tile, 

wall. 

(A.S.T.M.).    rupture. 

stress. 

stress. 

in. 

in. 

per  lin.  ft.  per  sq.  in. 

per  sq.  in. 

per  sn.  in. 

6 

0.6 

l,2nn             1,100 

777 

1.270 

8 

0.8 

1.200                 825 

599 

952 

12 

1.2 

1,200                 550 

388 

634 

IS 

1.8 

1,400                 428 

302 

493 

30 

3.0 

2.000                 366 

259 

422 

42 

4.2 

2.600                 341 

241 

393 
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that  each  tile  factory   must    determine  tor  itself 

from  tee  product  from  time  to  time     The  load  that 

will  be  required  to  bear  will  '■>   Mar&Jon 

and  Aii'l'  rson'8  formula. 

W=t 
W  is  the  load  per  linear  tool  upon  the  tile,  »   la  the 
weight  i.f  the  ditch  tilling  In  pounds  toot,  B  is  the 

width  ..i  the  trench  at  the  level  ol  the  top  ol  the  pipe,  and  < 
,,t  depending  upon  the  character  ol  the  filling 
material  and   upon  the  rati.,  of  depth   to   width  ol   trench 
■   be  the  <lepth  of  fill  to  the  top  ol  the  pipe,  then  this 
ration  is  H   B     in  Bulletin  31  of  the  Bnginei  ring  Experiment 
.    [owa  State  Colli  i  ulture,  the  values 

...is  and  conditions  of  saturation  are  given. 
In  Table  11  below  these  values  art  partly  reproduced  for 
saturated  yellow  clay,  and  for  saturated  sand. 

The   value  of  w   for  saturated   yellow    daj    is    L30   and    for 

,d  is  120.    For  our  present  computations,  we  shall  use 

:   ,i   yellow    clay,   as   representing 

the  worst  possible  condition  of  loading      The   wall  thickness 

will  tentatively  he  assumed  as  1   10  ol  the  Internal  diameter. 

rst    approximation  in  order   to   arrive   al    the   width  of 

trench     The  trench  will  he  assumed  6   In.  wider  than  the 

outside  diameter  of  the  tile  at  the  level  ol  the  top  ol  the  Ule. 

For  the   equivalent   of   standard   quality    drain    tile    we  shall 

assume  a  depth  of  trench  of  6  ft.  above    the  top  ol  thi 

Ity  or  double  strength  tile  we  shall  assume 
a  depth  of  12  n    ol   filling  above  the  tile      These  values  are 
arbitrarv  and  each  engineer  ought  to  select   such  values  for 
svstem    he    designs    as    are    best    suited    to    represent 
average"  depth    and    extra   deep   cut  commended    by 

ton    and  Anderson,   a   factor   of   safety    of    l.ba    will    be 
used.     The  results  are  shown  in  Table   111 

The    column    headed    1.65  W    gives    us    the    strength    that 
ought  to  be  required  of  the  drain  tile  for  the  depths  indi- 
cated     As  in  the  A.  S.  T.  M.  specifications,  no  one  tile  should 
fall  below  25  per  cent  less  than  the  above  value.     Except  for 
6  and  S  in.  tile,  these  values  are  all  higher   than   the  A.  S 
T     M     requirements,   and   it   is   believed    that    the    tabulated 
values   are   the   ones   that   should   be   used   in   specifications. 
Intermediate  values  can  be  easily  computed  and  the  values 
of  C  for  sand  used  where  such  soil  is  encountered.     There 
is  no  valid  reason  for  not  designing  drain  tile  as  one  would 
design   any   other   engineering   structure.     In   each   case   the 
engineer  should  determine  the  loads  to  which  the  tile  will 
probably  be  subjected  and  then  see  that  he  gets  tile  that 
will  sustain  that  load.     Each  system  will  have  its  own  prob- 
lems and  no  rigid  rule  can  be  laid  down.     A  good  plan  is  to 
divide  the  tile  into  two,  three  or  even  four  classes  according 
to   depth   and  specify   the  strength   required   for   each   class, 
leaving  the  manufacturer  to  work  out  the  method  of  securing 
that  strength.     The  column  headed  "Wall  thickness  for  f, — 
45n  lb  "  is  merelv  for  comparison  purposes,  this  value  of  ft 
being  an  average   value  taken  from  a  large   number  of  tile 
tests    the  maximum  value  being  825  lb.     For  standard  drain 
•  .hows  that  for  the  average  factory,  the  wall  thickness 
used  now   is  just  about  correct.     For  greater  strengths,  the 
quality  of  the  concrete  can  be  improved  by  using  coarser 
gravel  and  better  graded,  by  using   wetter  mixtures  and  by 
better  curing;  or  the  thickness  may  be  increased;  or  the  tile 
may  be  reinforced.     Where  tile  have  a  continuous  corruga- 
tion on  the  outside,  the  thickness  may  be  considered  as  the 


average  of  the  thickest  and  thinest  portion;  hut  this  rule 
should  not  be  used  ordinarily,  where  the  corrugations  are 
small  and  it  «l 


TABLE   II. 
,,   ,.  1        2       8        1        5 

I  19  2.65  3.02  3 

TABLE    Hi 


...ird  drain  tile.  H   = 

«  1  1  5  5  3.18 

2.87 

2.13  91S 

,g"                                    2.6             1.94  1-335 

17             ,34  2AVZ 

1.3  1.00 

louble  utrength  drain  tile    II 

1  1           10.9             4  l'1  645 

858 

7.1             3.57  1.340 

'    •>'*             5.2             8.08  2.160 

2.4J  3.R70 

2  6             1.94  6.680 


C         7         8 

9       10 

.32  3.55  3.74 

3.89  4.01 

■ 

2.88  292 

Wall 

thickness 

for  ft.  = 

1  .-,-,  \v 

in. 

G   ft.) 

825 

1.040 

• 

1.510 

1.25 

2.200 

1.85 

3.620 

4.760 

4  15 

—  12   ft.) 

L0M 

1,416 

l.oo 

I  210 

1   41 
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Some  Facts  About  "Residual  Alum" 
in  Filtered  Water* 

B)   A.  M.  BTJSWELL  AND  G    P,  EDWARDS 

Various  material    (References   1-13   inclusive  following)   is 
available    In    the    literature   <>f    the   subject    which   indicates 
wide   limits   within   Which   aluminum   will   be   more  or 
, iipict.iv  precipitated,  and   beyond   which   it  will  be 
partialis    or  completely  dissolved     The  work  of  Hlldebrand 
(1)  long  ago  indicated  the  importance  of  using  the  hydrogen 
electrode   for  the   investigation   ol   certain   types  of  chemical 
reactions     Later  Blum  (2)  applied  this  method  to  the  study 
of  the  determination   ol  aluminum    In  quantitative  analysis. 
He  show,  id  that    if  the   pH  were  adjusted   to  from  6.5  to  7.5 
reaction  mixture  then   boiled,   be   obtained    complete 
tation   ■  e    less  than  0.1   mg    In  lOOcc.  of  the  original 
solution.    Since  NH.OH  was  used  as  the  alkali,  heating  must 
.effected    the    final    pH.     Altogether    it    is   evident    that 
conclusions  do  not  necessarily  apply  to  the  precipi- 
tation of  Aiicnii    n.  sin;. U  quantities  in  the  eold. 

Investigation  by  Illinois  State  Water  Survey.— In  Septem- 
ber, 1920.  this  laboratory  undertook  an  investigation  of  the 
various  reactions  involved  in  water  purification,  using  the 
gen  electrode  as  the  principal  means  of  carrying  out 
the  investigation.  The  results  (3)  ol  this  investigation  showed 
among  other  things  that  pH  determinations  alone  were  not 
sufficient  for  determining  the  optimum  conditions  for  pre- 
cipitation of  aluminum  hydroxide.  A  different  laboratory 
method  of  attacking  this  problem  was  therefore  decided  upon. 
Since  the  laboratory  procedure  chosen  was  one  which 
involved  considerable  labor  it  seemed  advisable  to  make  a 
field  survev  of  various  filter  plants  in  the  state  in  order  to 
estimate  the  possible  practical  value  of  more  exact  informa- 
tion concerning  the  condition  for  the  precipitation  of 
Al(OH)  It  is  this  field  survey  which  constitutes  the  subject 
of  the  present  paper. 

Since  the  completion  of  the  first  stage  of  the  investigation 
two  articles  have  appeared  by  Wolman  (14.  16)  and  Hannan 
which  furnish  a  very  complete  n  view  of  the  current  scien- 
tific literature  having  a  bearing  on  the  alum  precipitation 
question.  These  authors  in  their  experimental  part  confirmed 
the  statements  of  Blum.  Mahin  and  others  to  the  effect 
that  aluminum  hydroxide  is  appreciably  soluble  at  a  pH  of 
S  or  more,  probably  existing  as  the  acid  ion.  They  further 
showed  that  by  acidifying  their  reaction-mixtures  as  Blum 
did  to  a  pH  of  about  7,  a  more  complete  precipitation  was 
effected.  Pirnie  (16)  has  discussed  the  colloid  chemistry  of 
water  purification  and  the  relation  between  alkalinity  and 
coagulation  and  Eddy  (IT)  has  presented  the  possible 
applications  of  the  pH  determinations  to  filter  plant  control. 
The  data  described  in  this  paper  was  collected  by  visiting 
,,ver  twenty  filter  plants  in  different  parts  of  Illinois.  Due 
regularities  In  operation  at  the  time  of  the  visit  some 
of  the  results  had  to  be  discarded.  The  data  on  twenty-one 
plants  are  given.  The  determination  of  alkalinity,  free  CO,, 
and  pH  were  made  in  the  field,  while  at  the  same  time  sam- 
ples were  collected  and  shipped  to  the  laboratory  for  the 
determination  of  aluminum  and  iron. 

Experimental  Methods.— The  determinations  of  alkalinity 
and  free  carbon  dioxide  were  made  according  to  standard 
methods.   Hydrogen  ion  conic  re  determined  with 

the  use  of  Clark's  indicators  and  buffer  solutions.  The  analysis 
of  aluminum,  iron  and  i  nude  on  the  residue 

from  a  two  liter  sample  which  was  taken  up  in  hydrochloric 
acid,  separated  from  silica  by  filtration  and  precipitated  with 
OH  according  to  Blum's  (2)  method.  The  Ignited  pre- 
cipitate- was  Al-0„  Fe,0,  and  P:0„.  Iron  was  determined 
colorimetrically  according  to  1  s  V  II.  Standard  Methods 
of  Water  Analysis  (18)  and  phosphorous  was  estimated 
colorimetrically  by  a  method  given  by  Deniges  (19)  which 
is  briefly  as  follows  If  an  acid  solution  of  SnCl,  and  an 
acid   solution   of    iN'H.l,  MoO.   is   added   to   water  containing 

ting  of  Illinois  Section.  American  Water 
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small  amounts  of  phosphorous,  a  blue  color  is  produced,  the 
intensity  of  which  varies  with  the  amount  of  phosphate 
present.  These  colors  may  be  compared  with  standard 
phosphate  solution 

Aluminum  was  calculated  from  the  difference  between  iron 
and  phosphorous  and  the  aluminum,   iron,  and   phosphorous. 

Reference  to  such  authorities  as  Aberhalden  (20),  Richter 
i  I'll  and  Prideaux  (22)  indicates  that  haematoxylin  is  in  an 
indicator  changing  color  with  the  [ill  Home,  its  use  in  the 
aluminum  determination  would  onlj  be  pos  Ible  in  a  buffered 
solution.  This  is  accomplished  in  a  measure  by  blowing 
breath  (CO  I  into  the  solution  or  acidifying  with  acetic  acid 
as  recommended  by  Richards  (23).  In  addition  haematoxylin 
gives  various  colors  with  most  of  the  heavy  metals.  Morison 
tL'li  stads  that  "using  pure  haematoxylin  a  red  color  was 
given  by  the  rav«  water  and  by  a  water  completely  clarified 
by  a  dose  of  alum  just  sufficient";  and  Wolman  and  Hannan 
i  Hi  state  that  treated  water  "showed  the  usual  alumina  blue 
changing  to  brown  with  acetic  acid."  Kichards  states,  how- 
ever, that  the  test  may  be  made  only  in  an  acid  solution  in 
order  to  avoid  the  color  produced  by  tin  alkaline  earth.  In 
view  of  these  considerations  the  "logwood"  or  haematoxylin 
test  was  not  used. 

Treatment  Changes  in  Alkalinity  and  pH.— The  chemical 
reactions  taking  place  during  coagulation  have  from  time  to 
time  been  represented  in  textbooks  and  technical  articles 
by  various  styles  of  chemical  equations.  All  of  these  show 
in  the  main  that  8  mgs/1  of  alkalinity  will  react  with  lgr/gal. 
of  filter  alum  forming  Al(OH)3.  Now  as  is  verj  well  known, 
none  of  these  reactions  go  to  completion  but  we  have  instead 
a  number  of  reversible  reactions  each  of  which  depends  for 
its  final  equilibrium  upon  all  the  others.  Such  complex 
systems  seem  to  be  best  represented  graphically  by  the 
method  used  by  Smith  (25)  as  shown  in  figure  1. 

The  heavy  arrows  indicate  the  direction  of  the  predomi- 
nating reaction.  The  substances  toward  which  the  light 
arrows  point  will  be  present  in  relatively  small  amounts.  It 
should  be  recalled  in  this  connection  that  any  secondary 
reaction  which  tends  to  remove  a  product  of  a  primary  reac- 
tion will  increase  the  amount  of  the  primary  reaction  in 
the  direction  of  the  formation  of  the  removed  product. 
Numerical  coefficients  such  as  are  used  in  "balancing"  ordi- 
nary chemical  equations  have  been  omitted  to  avoid  com- 
plicating the  diagram.  This  formulation  shows  the  interde- 
pendence of  these  reactions.  It  also  emphasizes  that  in  each 
of  these  equilibria  the  hydrogen  ion  plays'  a  part  either 
directly  or  through  its  reciprocal  relation  to  the  hydroxyl 
ion.  The  relation  between  alum  and  alkalinity  is  shown  here 
as  in  other  representations  but  it  also  appears  that  the  loss 
of  CO,  with  the  precipitation  of  CaCO,  may  cause  a  decrease 
in  the  alkalinity;  and  that  the  addition  of  lime  may  cause 
a  net  decrease  in  the  alkalinity  due  to  this  same  precipitation 
of  CaCO=.  On  the  other  hand,  the  formation  of  colloidal 
alumina  instead  of  the  precipitate  would  tend  to  offset  the 
decrease  in  alkalinity. 

An  inspection  of  Table  I  shows  examples  of  all  three  of 
the  above  mentioned  cases.  At  four  out  of  nineteen  of  the 
plants  studied  (2,  10,  13  and  14)  the  decrease  in  alkalinity 
was  greater  than  the  calculated.  This  group  includes  as 
would  be  expected  the  three  plants  at  which  lime  as  well  as 
alum  was  added.  At  six  plants  the  decrease  was  less  than 
the  calculated. 

In  addition  to  those  already  mentioned  we  submit  the 
following  list  of  factors  which  would  tend  in  a  measure  at 

TABIJE    I.— ALKALINITY   AND  pH  CHANGES    IX   FILTRATION 
_  Alkalinity  Decrease  pH 

tv.  Filtered. 


116 
178 
192 
ISO 


126 
130 
160 


Filtered. 

Found.  C 

alculat 

62 

—6 

—12 

110 

6 

5.6 

170 

8 

11.2 

186 

6 

8.0 

176 

4 

8.S 

S4 

—5 

2.96 

116 

.    18 

14.80 

124 

112 

14 

—1.4 

108 

22 

22.4 

154 

6 

21.6 

58 

10 

7.2 

71 

11 

12.0 

54 

4 

3.68 

94 

38 

24 

42 

6 

16 

24 

30 

16 

24 

22 

12.0 

16 

44 

0.8 

2 

22 

16.8 

6 

least  to  produce  the  devfations  cited  above.  Decrease  in 
alkalinity  would  be  caused  by:  Removal  of  colloidal  iron 
and  aluminum  hydroxide  and  carbonates;  removal  of  alkline 
turbidity;   titration  erroi    i  adsorption   acid  on  col- 

loids during  titration  (I'irniei  (16);  excessively  acid  alum. 
Factors  tending  to  offset  the  decrease  in  alkalinity  are:  Use 
of  basic  alum;  precipitation  of  basii  aluminum  sulfate 
instead  of  aluminum  hydroxide;  resolution  of  CaCO,  previ- 
ously deposited  on  the  sand. 

Residual  Alum. — Reference  is  'made  by  Wolman  aud  Hannan 
(14),  Pirnie  (16),  Eddy  (17 1  and  others  to  "Residual  Alum" 
in  filtered  waters  without  any  statement  as  to  the  compara- 
tive amounts  in  the  raw  and  filtered  water  nor  any  indication 
as  to  what  may  be  a  safe  limit  for  this  residual  alum.  The 
incrustation  of  sand  and  distribution  mains  and  the  possible 
absorption  of  bacteria  (Pirnie)  (16)  thereby  protecting  them 
from  subsequent  chlorination  seem  to  he  the  chief  objections 
io      residual    alum."     Unprecipitated    alum    has    presumably 


done  no  work,  and  the  inference  is  that  residual  alum  is  an 
indicator  of  faulty  operation  and  poor  clarification. 

Table  I  furnishes  a  notion  of  the  extent  to  which  alumina 
is  present  in  the  effluent  of  some  twenty-one  filter  plants  in 
Illinois.  In  addition  to  the  description  of  methods  given 
above  it  should  be  stated  that  in  all  cases  except  No.  2  the 
raw  water  was  filtered  through  Whatman  No.  50  filter  paper 
before  making  the  aluminum  determinations.  Since  a  com- 
parison of  the  aluminum  in  solution  or  in  a  fine  colloidal 
state  in  the  raw  and  treated  waters  was  to  be  made,  it  seemed 
best  to  exclude  the  filterahle  turbidity.  The  data  on  No.  2 
indicates  what  the  results  might  have  been  without  the 
adoption  of  this  procedure.  Nos.  12  and  17  are  excluded  from 
consideration  since  they  showed  a  turbidity  in  the  filtered 
water  of  30  and  25  respectively.  Column  two  shows  that  in 
only  the  two  abnormal  cases,  Nos.  12  and  17,  does  the 
alumina  in  the  filter  plant  effluent  exceed  2.15  mg/1  (approxi- 
mately %  of  a  grain  per  gallon);  and  further  that  in  13  out 
of  19  cases,  the  aluminum  is  distinctly  less  in  the  effluent 
than  in  the  raw  water  after  filtering  through  filter  paper.  It 
should  also  be  noted  that  although  a  fairly  wide  range  in 
pH  value  is  exhibited  by  these  waters,  in  no  case  does  the 
alumina  in  the  effluent  reach  zero.  Prom  our  knowledge  of 
the  individual  plants  and  their  operators  we  do  not  feel  that 
this  result  can  be  laid  to  faulty  operation. 

From  the  above  data  it  appears  that  with  reasonably  good 
operation  the  amounts  of  "residual  alum"  occurring  in  filter 
plant  effluent  in  Illinois  are  not  such  as  to  be  cause  for 
alarm.  Whether  or  not  the  condition  of  the  "residual  alum" 
is  such  that  it  is  more  subject  to  subsequent  deposition  or 
adsorption  is  a  question  of  further  study. 

Relation  of  pH  to  "Residual  Alum." — In  the  diagrammatic 
representation  of  the  chemical  reactions  given  above  it  will  be 
observed  that  the  substances  H+,  A103H„  Al(OH)a,  A1+  +  + 
and  OH  — ■  form  a  cycle.  The  reactions  may  be  made  to  take 
place  in  either  direction   around  this  cycle   depending  upon 
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the  concentrations  employed.  Suppose  starting  with  the 
substances  in  the  cycle  in  eQnUibrlum,  we  take  away  hydrogen 
ions;   more  water  will   be   ionized   bj  on   from  H,0 

in  the  direction  ol  the  tight  arrow.  But  this  will  increase 
the  amount  ol  on  —  present  thereby  causing  the  reaction  to 
go    in    the    direction    ol    Aiioiii     and  me    of 

from  the  solution,  if  th<  hydrogen  Ion  con- 
centratlon  is  depressed  low  enough,  reaction  will  take  place 
counter  clockwise  In  thu  direction  of  the  light  arrow  from 
I,  to  an  appreciable 'extent  forming  some  aluminate 
ton,  with  the  side  reaction  forming  Borne  I  al  \w>  h  |2  (The 
aluminate  is  written  In  the  bydrated  form.)  If  now  the 
hydrogen  Ion  concentration  is  Increased,  the  reactions  will 
as  Al(OH)  be  turned  In  a  clockwise  direction,  aluminum 
will  be  reprecipitated  and  later  dissolved  as  A1  +  ++-  The 
exact    hydrogen   ion   concentration    at"  which    the   maximum 
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Fig.  2. 
amount  of  Al(OH),   is   precipitated  has   not  yet  been   deter- 
mined.   We  believe,  however,  that  we  are  approaching  it  by 
slow  degrees. 

Table  III  presents  a  summary  of  the  data  collected,  the 
filter  plants  being  arranged  in  the  decreasing  order  of  the 
effluent  pH  valves.  Prom  column  three  it  is  seen  that  with 
exceptions  of  Nos.  12  and  17  they  also  fall  in  the  decreasing 
order  of  the  residual-alum  values,  To  illustrate  this  point 
more  clearly,  the  residual  alum  and  pll  values  are  shown 
plotted  as  co-ordinates  of  points  on  the  accompanying  dia- 
gram,  Fig.   II.    Though   the   points   do   not   lie   on   a   smooth 


curve  they  show  a  distinct  trend  toward  a  minimum  of 
ami  at  a  pH  of  about  6.  This  is  much  more  acid  than  nay 
value  heretofore  reported.  It  is,  however,  the  first  value  to 
be  determined  under  operating  conditions  and  with  a 
gravimetric  estimation  of  (he  ai  0( 

Summary. 

1.  The  chemistry  of  the  alum  coagulation  process  is  repre- 
sented by  a  diagram  which  emphasised  both  the  interdepend- 
ence of  the  various  equilibria  involved,  and  the  importance 
of  the  hydrogen  Ion 

2.  Data  on  the  alkalinity  changes  during  treatment  does 
not  check  wiih  expected  changes  as  ordinarily  calculated. 
Various  reasons  for  these  discrepancies  are  discussed. 

3.  Data  presented  indicates  in  general  less  dissolved 
alumina  in  the  effluent  than  in  the  inlliient.  The  amount  of 
alumina  In  the  affluents  did  not  In  general  exceed  2  mg  liter. 

4.  Points  plotted  with  "residual  alum"  and  pll  Values  as 
co-ordinated  indicate  a  minimum  alumina  at  s  pll  Of  6,  which 
was   the  lowest   value   reached   in   this  series. 
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TABU     m       1:  O     IX    RAW  AND   FILTERED   WATER    i.Mg/1). 


Raw. 

1.81 

1  21 


2.23 

0.97 

0  32 
0.40 


Filtered.  Decrease. 
1.S6 
1.5 

2.1 

1.72  —.36 


1.51 

1.86 

1.12 
1.38 
12.1 
1.35 

n  17 
0.16 


l-\  .11. 

Raw.    Filtered.  Decrease. 
0.00 
0.00 

11.11 


1 1 

.14 


0.14 

11.11 
11.11 


—2.76 


FILTERED   v. 


TABLE  ID.— SUMMARY  OF  DATA  COLLECTED. 


l'.AW   WATER. 


Turti. 

Al-Oj. 

pH 

1  6 

2.1 

..  1  1 

1.72 

7   1 

7.3 

1.11 

11  (J 

12  1 

7.1 

'•  II 

'1  71 

11  17 

0.71 

n.55 

(.0 

6.0 

Ukallnlty.-, 

1SS  0 

17C  0 

B4  II 

124  11 

112  0 


in  11 


,— Pre- treatment. — 
Chemicals 

Gr./gal. 
11  76  alum 
0.75  alum 

1.4  alum 

1.0  alum 

1.1  alum 
11  37  alum 
1.85  alum 
0.7     alum 

1  11  lime 
2.8  alum 
2.7     alum 

1.5  alum 
1.  16  alum 
3        alum 

2  alum 
alum 

1  ".    alum 

0.4      alum 


Time.  FejO,. 

0.14 

1  hour   0.00 

3hi  hours    0.14 

3  hours    0.14 

V«-'.i  hour 

3  hours 

1  U-2  hmirs   ..  .0.14 
r,  hours   

0.00 

8-24  hours   0.14 

n.im 

4  hours    . 

'-.    hour    0.00 

\,iri.  11  1  I 

8-24  hour;- 

\'.,ti.        n.re 

,...0.14 
1.48 


Al  '  • 

8  19 
1.81 


I  6 

2.3n 
0.411 

II  71 
3.22 


0.0 

0  11 

0.60 

0.28 

.1  12 
0.00 
.00 

11 11 

11 .1 1 
11 994 

0.28 
0.14 

0.71 


,— Alkalinity 
U  11 


0.14 

—.14 

—1.96 

0.00 

11  "" 
—.14 
—.42 
0.28 
0.00 
0.00 
0.14 
.1  71 


nil 
0.0 

4.8 


116 
178 
192 
180 

134 

116 

130 
68 

81 


l'h'th. 

0.0 

5.0 

16.0 


«» 
no 

r, 


al 


:i  hours 


1  88 
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The  Bacteria  Coli  Test 

Relation    Between    Positive   Results  in  Samples  of 

One  and  Ten  Cubic  Centimeters 

Bj  MILTON  P.  STEIN, 

Those  concerned  with  the  fermentation   test    for  bad    coli 
have  probably  noticed  thai  the  percen  in  a  series 

of  ten  cc.  samples  is  not  ten  times  tha  of  one  cc. 

samples  run  simultaneously,  and  yel  that  a  relationship  • 

i    the   fundamental   equal  ions  o 
tion*   the  existing  relation  can  be  worked   out,     For   ten  c< 
iiiv   relation   between   average   numbei    of   bact.   coli 
per  sample  ami  per  cent  positive  is: 

X„.   =  10g(l-        I'      i 

ami    for   one   CC.    samples: 

X,  =  log    (1  —  P,). 

Since  the  average  number  in  ton  ccs.  is  ten  times  the  num- 
ber per  cc.  or  x,„  =  IOjCj. 

Substituting  the  log  values: 

log  (1  — P,„)  =  10  log  (1  —  P,) 
or  il  —  P,„)  =  (1  — P  I' 

wherein  P,  and  P,„  are  the  percentages  positive  in  one  and  ten 
cc.  samples  respectively.  This  equation  has  been  plotted  on 
Fig.  l  with  r   as  abscissas  and  P,„  as  ordinates. 

On  the  same  diagram  are  shown  points  each  representing 
i  ■!  one  and  ten  cc.  tests  on  a  filter  piam  effluent 
tor  cme  month.  That  is,  each  point  represents  from  thirty  to 
undred  actual  tests.  In  all  there  are  128  points  shown. 
The  correlation  Of  these  values  was  worked  out  on  the  assump- 
tion of  the  above  equation,  that  is,  the  logarithm  of  1  minus 
the  abscissa  was  paired  off  with  the  logarithm  of  1  minus  the 
ordinate  for  each  point.  The  correlation  coefficient  BO  ob- 
tained was  +.87.  Since  a  correlation  coefficient  of  +1.00 
represents  perfect  agreement  between  ordinates  .•mil  abscissas, 
ii  will  be  seen  that  a  close  relationship  exists  on  the  basis  of 
tlo>   above  type   of  equation.     The  computation   of   regression, 


tf  =  Fter Cent  of  PositiveTests  in  Ore  Cubre  Centimeter  Jomples 
Fig.   1. 

or  line  of  best  fit  as  obtained  by  the  usual  method,  based  on 
the  principle  of  least  squares,  is  not  entirely  satisfactory,  and 
is  shown  by  the  dashed  line.     Its  equation  is: 

(1  — P10)  =  (1  —  P,)\ 
The  reason  why  this  line  and  many  of  the  points  fall  below 
the  theoretical  curve  is  because  the  latter  is  derived  on  the 
assumption  that  the  number  of  bact.  coli  per  sample  does  not 
vary  during  the  series  of  tests,  whereas  the  position  of  the 
points  indicates  that  there  was  considerable  variation  in  many 
cases,  even  though  these  tests  were  made  on  filter  plant 
effluents. 


Besides   its  ge al   interest,   ibis   diagram    Is  of  some  use  in 

Ing   Urn  luations  in  qualitj    ..i   effluent    which   would  pass 
unnoticed     in     the    usual    examination    of    the    monthly    per- 
il   a   point    is   plotted   thereon  of  which   the  monthly 

i"  I   cent  of  one  cc.'s  positive       i  as  abscissa,  and  the  per 

cent  of  ten  ccs.'  positive  tor  the  same  month  as  ordinate, 
then  if  this  point  fall  in  the  shaded  area,  which  represents 
the  allowable  error  tor  a  hundred  tests,  1'  maj  i>e  Inferred 
that  the  quality  of  effluent  ».i    uniform  during  the  test  p 

But    if   the   point    tall   below    the     haded   area,   then   the  quality 

fluctuated  during  the  test  period,  and  at   times  the  bait,  coli 

content   was  higher  than  the  m I.1-,    percentage  would  indl- 

l.incs  have  been  drawn  indicating  the  ratio  of  maximum 
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Fig.  2. 

to  average  bact.  coli,  from  which  estimates  of  the  fluctuation 
maj  be  made.  Ii  will  be  seen  that  in  two  of  the  cases  plotted 
the  fluctuation  was  over  ten  times  the  average  value,  and 
numerous  fluctuations  of  four  times  average  or  more  occur. 
While  this  aids  in  the  interpretation  of  the  tests,  it  is  not 
oil.  id  as  a  substitute  for  a  battery  method  of  testing,  which 
makes  each  sample  tell  its  own  story,  and  which  the  writer 
has  consistently  advocated 

Fig.  2  is  introduced  as  an  intermediate  step  to  a  further 
relationship  between  one  and  ten  cc.  tests.  It  shows  the  rela- 
tion between  the  proportion  of  positive  tests  and  the  bacteria, 
when  the  latter  vary  during  I  he  series  of  tests  from  which 
the  proportion  of  positive  tests  is  obtained,  as  is  the  case 
when  the  series  extends  over  a  week,  month,  etc.,  in  the  usual 
manner.  It  is  assumed  that  when  the  numbers  of  bacteria 
which  obtain  from  test  to  test  are  arrayed  in  order  of  magni- 
tude thai  the  curve  formed  is  parabolic,  and  of  the  general 
form  x  =  k"'n"\  where  k  and  m  are  constants,  and  n  is  the 
number  of  the  test  in  the  array.  The  figures  on  the  curves 
indicate  the  number  of  times  greater  the  maximum  number  of 
bacteria  present  during  the  series  is  ihan  the  average  number 
obtained  from  the  percentage  of  the  series  positive.  It  is  evi- 
dent that  for  parallel  tests  of  one  and  ten  cc.  samples  the 
variation  must  be  the  same,  that  is.  they  must  lie  on  the  same 
curve.  Also,  the  number  of  bacteria  for  the  ten  cc.  tests  must 
be  ten  times  that  for  the  one  cc.  tests.  Therefore,  given  the 
percentages  positive  in  two  parallel  sets  of  one  and  ten  cc. 
samples,  in  these  must  lie  on  the  same  curve,  and  (2)  this 
curve  must  give  a  value  for  the  ten  cc.  tests  which  is  ten  times 
that  for  the  one  cc.  tests.  Ibis  value  can  be  found  from  the 
diagram  by  trial,  and  is  the  only  value  fulfilling  these  condi- 
tions. In  this  way  it  is  possible  to  obtain  from  the  percentage 
positive  a  definite  value  for  the  number  of  bacteria,  regardless 
of  how  their  number  may  vary  during  the  series  of  tests,  be- 
cause the  use  of  two  sizes  of  samples  fixes  the  result  by  giving 
it  a  co-ordinate  in  the  third  dimension,  whereas  using  only 
one  size  of  sample  leaves  the  result  indeterminate,  in  that  the 
unknown  type  of  variation  may  give  it  different  values.  The 
only  assumption  made  is  that  the  type  of  variation  is  para- 
bolic, when  the  ordinates  are  arranged  in  the  order  of  their 
magnitudes.  Since  the  exact  form  of  the  parabola  does  not 
enter  into  the  question,  and  since  parabolas  can  be  fitted  to  all 
manners  of  curves  by  proper  selection  of  constant  and  ex- 
ponent, this  does  not  seem  a  very  serious  restriction.  This 
method  is  built  up  on  sound  mathematical  principles  and  offers 
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ins  of  Interpreting   bad    coll  percentages   with  a  con- 
siderable degree  of  certainty,  always   remembering  thai    this 
on  a  very  low   p  ane  ol  accuracy . 
3  Is  handler  to  use  than  the  method  of  trials  ]u 
Having  obtained  the  percei  -    and  ten  cc. 

tests  positive  tor,  sa>,  a  month's  tests,  enter  the  diagram 
from  the  left  with  tin-  ten  cc.  percentage  and  from  the  right 
with  the  one  ■  percentage,  following  down  the  diagonals  to 
their  Intersection,  and  read  from  thi  neari  i  contour  the 
number  of  bacteria  In  ten  cc.    For  example    II  SO  per  cent  of 

■■■  i ml  ol  the  one  i      tests  are  positive, 

then  the  Intersection  of  these  two  diagonal*  falls  on  thi 

tour  marked  In  ten  cc.     The  diagram  can  t» 

and  l  0  cc,  tests    and 

m   tlon  to  the  totto*  Ing     tatemenl  In  the 
ol    th(     Imei  lean   ] 


Fig.  3 — Diagram  for  Determination   of   Number   of  Bacteria. 


lion:    "To   apply   this   theory    (of  prohabilities)    to   a   correct 
tnatical   solution   of  any   considerable  series  of  results 
involves,   however,   mathematical   calculations  so  complex   as 
to  be  impracticable  of  application  in  general  practice." 

The  probable  error  involved  in  the  use  of  this  diagram, 
when  the  proportion  positive  is  based  on  100  tests,  is  shown 
by  shaded  areas  in  various  parts  of  the  diagram.  For  thirty 
tests  the  dimensions  of  these  areas  would  be  approximately 
doubled,  increasing  the  areas  four  times.  It  will  be  noted 
that  for  some  of  the  higher  values  the  error  is  very  large, 
which  is  no  fault  of  the  diagram,  but  is  inherent  in  the  fer- 
mentation test  methods  and  routine  now  used. 

a  similar  method  might  lie  worked  out  using  0.1,  1.0  and 
but  it  is  not  am. •naiilc  to  graphic  representation, 
and  the  calculation  would  probably  be  too  "complex"  for  gen- 
eral prs  would  require  the  use  of  a  log  table  or  slide 
rule.  Another  reason  against  a  three  value  formula  is  thai 
one  of  the  values  would  not  be  of  the  same  degree  of  accuracy 
as  the  other  two,  being  in  fact  much  less  reliable.  It  ma> 
be  pointed  out  that  the  method  here  described  is  on  an  en 
tirely  different  basis  than  some  which  have  been  proposed, 
in  which  the  percentages  for  the  several  sizes  of  sample  are 
simply  averaged  together. 


Diesel  Engine  and   Semi-Diesel    Engine  Precisely 
Denned 

M.-sel  engine  I         prime  mover  actuated  by  the  gases 

resulting  from  the  combustion  of  a  liquid  or  pulverized  fuel 

ted  in  a  fine  state  of  sub-division  Into  the  engine  cylinder 

il    the   conclusion   of  a   compression    stroke.    The 

•■■!  by  the  compression  to  a  high  temperature  of 

air   within   the   cylinder    is   the  sole   means   of   igniting  the 

b ust ion    of    the    charge    proceeds    at,    or 

approximate!  nl   pressure. 

prime   mover  actuated  by   the 

resulting  from  the  combustion  of  a  hydro-carbon  oil.  A 

■  et.  il   in  the  form  of  a  spray  Into  a  com- 

op<  ii  to  tie    i  yllnder  of  the  engine  at  or  about 

dei     The  heat 

:   from  an  uncooled   portion  of  the  combustion  cham- 

•   with  the  *'  ,on  of 

air  to  ••  mperature,  Igniti  ...  com. 

place  at.  or  approximately  at, 

d  Air  Magai 


The  New  Ten  Million  Gallon,  Covered 
Reservoir  at  Indianapolis 

Design  Problems  Described  and  Bidding  Prices  and 
Costs  Given  in  Paper  Presented  Before  Indiana 
Sanitary  and  Water  Supply  Association, 
March  22,  1922 
By  WILLIAM  CURTIS  MABEE. 
The  Indianapolis  Water  comp.in>   bull!  ami  placed  in  ser- 
vice in  i'.1-!  a  ten  million  gallon  relnforced-concrete  covered 
reservoir  at  a  cost  of  $223,600,  complete   with  pipe  connec- 
tions  and   appurtenances,    I. hi    excluding    engineering. 

The  :i    for   the   new    reservoir   was   formerly   part 

of  the  open  infiltration  gallerj  al  the  Riverside  Pumping  Sta- 
tion, constructed  in  18S2  and  abandoned  as  a  source  of  sup- 
ply in  l!Hi7,  when  the  first  covered  reservoir  at  this  station 
was  built. 

Limitation  of  Water  Level.  In  determining  the  depth  of 
water  to  be  stored  in  the  new  r<  ervoir  it  was  necessary  to 
lei  the  hydraulic  gradient  of  the  supply  conduit  which 
discharges  filtered  water  at  this  station,  as  affecting  the 
upper  limit  of  elevation  of  water  stored,  and  a  further  con- 
sideration of  the  ground  water  level  at  this  station  as  the 
lower  limit,  keeping  in  mind  the  danger  of  rupture  from 
rising  ground  water  levels.  The  depth  of  water  stored,  ten 
feet  and  three  inches,  was  therefore  fixed  by  these  two  limi- 
tations. 

It  was  considered  advisable  and  necessary  to  so  design 
the  reservoir  that  a  rise  in  the  ground  water  level  of  ten  feet 
would  be  counterbalanced  by  the  weight  of  the  structure  and 
the  superinforced  loading  of  earth  upon  the  roof  of  the  struc- 
ture, without  consideration  of  the  weight  of  the  water  con- 
tained within  the  reservoir. 

Arched  Floor  Design. — This  excessive  upward  pressure  of 
ground  water  during  flood  stages  calculated  to  be  exerted  at 
a  time  when  the  reservoir  might  be  nearly  empty,  and  the 
necessity  of  an  equal  distribution  of  downward  pressure  upon 
the  soil  presented  a  problem  in  the  design  of  the  floor  which 
obviously  could  be  best  solved  by  the  employment  of  the 
groined-arch  type  of  floor  construction.  It  may  also  be  noted 
that  the  groined-arch  floor  forming  intersecting  valleys  can 
be  the  more  readily  flushed  when  necessary  to  clean 

While  a  groined-arch  roof  would  have  been  as  satisfactory 
as  the  flat  slab  type  of  construction  adopted,  experience  here 
as  elsewhere  has  shown  that  contractors  as  a  rule  prefer  to 
build  along  lines  with  which  they  are  familiar  and  will  for 
that  reason  submit  lower  prices  for  the  flat  slab  type  of  con- 
struction than  for  the  groined-arch  type,  notwithstanding  the 
tacl  thai  the  groined-arch  rool  requires  practically  no  steel. 
Top  Weighting. — The  necessity  of  weighting  the  structure 
suggested  the  use  of  27  inches  of  filling  on  the  cover,  as- 
sumed to  weigh  when  saturated  250  pounds  to  the  square 
foot.  This  fill  also  prevents  the  formation  of  ice  in  the  res- 
ervoir  and  tends  to  maintain  the  roof  slab  at  a  reasonably 
uniform  temperature  in  all  seasons,  thereby  minimizing  the 
distortion  of  the  structure  from  temperature  changes.  The 
total  live  and  dead  load  considered  upon  the  roof  slab  was 
470  pounds  per  square  foot,  or  a  superimposed  load  of  350 
pounds  per  square  foot. 

Column  Spacing. — Having  determined  the  type  of  struc- 
ture to  be  constructed  and  thi  loadtn  to  be  supported,  the 
in  of  column  Bpacing  was  nexi  considered  The  usual 
spacing  for  work  of  t  ii i^  charactei  varies  from  15  to  25  ft. 
and  for  tin'  loading  under  consideration  the  slab  thickness 
would  vary  from  7%  in.  for  the  15-ft.  spacing  to  12  in.  for 
the  25-ft  spacing;  the  column  spacing  could  even  be  made 
as  little  as  10  or  12  ft.  centers.  There  is  no  donbl  in  the 
writer's  mind  that  the  structure  with  the  smaller  column 
spacing    can    be    built     fur    le   S    money;     but     considering    the 

ground  water  problem  and  the  desirability  of  heavy  sections, 
lending  their  weight.  Btrengtb  and  dependability  to  the 

lure  in  addition  to  the  degr t   impermeability  required  In 

a   structure  of  this  character,  the  column  spacing  that   would 

n i  these  requirements  was  determined  to  be  18  fl    © 

The  flat  slab  is  designed  in  accordance  with  compul   I 
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based  upon  the  rulings  ol  the  American  Concrete  Institute 
for  lour  way  reinforcement.* 

Shape.   Dimension,  and  Cost.      The    i.  ~.  rv.iir   is    rectangular 

with  rounded  corners — Inside  dimensions  254  ft.  will.'.  .Ml'  it 
long  ami  10  ft.  8%  in.  deep  with  a  storage  capacity  of 
approximately    l    million  gallons    per   toot    depth.     The   if' 

area  ol  water  surface  is  136,E I  or  :'•'.*  a. -res.  and 

the  cost   per  million  gallons  stored,  exclusive  of  plpinj 
nection..   brick   baffle   walls   and   engineering,    but    including 

all  eartn  work,  was  $1!».it>i>.  which  is  equivalent  to  $1  U% 
per   square    foot   of   water  surf  a 

Expressed   in   percentage  this  cost  was  divided  as  follows: 

ivatlon,  average  cut  11  ft..  15.6 

Refill,  27  i".  deep  on  cover 7.1 

Levee  embankments   2.0 

crete   structure,    including    sub  grading 

The  typical  labor  charges  upon  which  these  costs  were 
based  were: 

mon  labor   30  cents  per  hour 

skilled  labor  35  (•■  i  hour 

Form  builders  60  cents  per  hour 

Teams  75  cents  per  hour 

All  lever  work  was  done  by  force  account  for  which  the 
company  allowed  the  contractor  cost  plus  15  per  cent. 

Quantities  Involved. — Earth  work.  80,310  cu.  yd.,  of  which 
52.175  cubic  yards  was  excavation  from  reservoir  site  placed 
into  embankments  and  spoil  banks  and  28,135  cu.  yd.  refill 
over  and  around  structure  and  in  shaping  levees;  concrete, 
11,158  cu.  yd.;  cement,  15,523  barrels;  steel  bars.  464  tons. 
Bids  Received. — Plans  and  specifications  for  the  work  were 
prepared  and  the  work  divided  into  two  parts:  (1)  excavation, 
and  (2)  concrete  work,  including  refill 

Kids  were  received  for  the  excavation  work  Feb.  15,  1921, 
from  six  local  contractors,  as  follows. 

Per  (  u 

American  Construction  Co ; 

Timberlake  Construction  Co 0.8S 

instruction  Co 0.90 

Mansfield  Knsineering  Co 0.738 

Harold  and  Bretner  0.90 

R.  H.  Scott  &  Co 0.56 

The  contract  was  awarded  to  the  R.  H.  Scott  Co.  Feb.  26, 
1921.  the  unit  price  of  56  ct.  per  cubic  yard  included  all 
clearing  and  grubbing  of  trees  and  the  segregation  of  the 
loam,  sand  and  gravel  into  separate  piles,  the  earth  and 
rejected  gravel  going  into  embankments  and  levees.  This 
work  was  completed  and  final  payment  made  Aug.  6.  1921 — 
elapsed  time,  5  months,  11  days. 

Quantity  of  material  handled.  52.17."  cu.  .  yd.,  including 
10.000  cu.  yd.  of  sand  and  gravel,  which  was  washed  and 
screened  from  the  excavation  for  concrete  work  under  a 
supplementary  contract.  Tlrfe  dimensions  of  the  excavation 
were  280x570  It.;  area,  3%  acres,  with  a  cut  varying  from 
zero  to  23%  ft.,  the  average  being  11%  ft.  The  character  of 
excavation  was  top  soil  and  bank  gravel.  The  work  con- 
templated filling  an  abandoned  infiltration  gallery  or  reser- 
voir which  extended  diagonally  across  the  site  for  the  pro- 
posed new  structure  with  sand  and  gravel  from  the  exca- 
vation and  rolling  the  fill  with  a  locomotive  crane,  the 
expense  of  rolling  being  paid  for  on  force  account. 

Gravel  which  was  suitable  for  concrete  was  washed  and 
screened  and  stored  in  piles  upon  the  old  infiltration  gal- 
lery site  at  an  additional  cost  of  40  ct.  per  cubic  yard. 

The  top  soil  was  carefully  selected  and  stored  in  piles 
conveniently  located  for  top  dressing  the  embankments 
after  the  completion  of  the  structure. 

Excavation  progressed  at  the  following  rates:  First 
month,  21  per  cent;  second  month,  42  per  cent;  third  month, 
15  per  cent;  fourth  month,  14  per  cent;  fifth  month  8  per  cent. 

Excavation  Equipment. — The  equipment  consisted  of  a  lo- 
comotive crane  operating  a  yard  and  a  half  clam  bucket, 
which  was  used  to  fill  the  old  gallery  and  which  was  also 
used  to  elevate  gravel  to  the  washing  platform.  The  larger 
part  of  the  excavation  was  handled  by  teams  and  wheeled 
scrapers.  The  average  rate  of  excavation  for  elapsed  time 
was  324  cu.  yd.  per  day  and  the  maximum  rate  for  30  days 
was  750  cu.  yd.  per  day. 

Earth  refill  and  embankment  was  included  in  the  con- 
tract for  concrete  work,  and  was  handled  by  wheeled  scrapers 
by  the  R.  H.  Scott  Co.  on  a  sub-contract  as  follows:  17,985 
cu.  yd.  at  55  ct.  per  cubic  yard;  10.150  cu.  yd.  by  force  ac- 
count estimated  to  cost  75  ct.  per  cubic  yard. 

•Columns  are  24  in  diameter,  spaced  18  ft.  center,  each  rein- 
forcerl   with   eight    r,,-in.   round  bars   and    '4-111.   tii 


Total  excavation  and  refill  80,310  cu.  yd.  at  an  average 
cost    to  the  water  company  of  58  ct.   per  cubic  yard. 

The  average  rate  of  construction  of  embankments  for 
elapsed  t  inn-  was  230  cu.  yd.  per  day  and  the  maximum  rate 
u\   month  was  293  cu.  yd.  per  day. 

Concrete    Work. — Eleven    bids    wen  [or    placing 

11,158  cu.  yd.  of  concrete,  the  water  company  furnishing  all 
cement  and  steel  to  the  contractor  on  board  cars  at  water 
company's  switch  and  also  delivering  gravel  to  the  site;  the 
contractor  unloading,  hauling  and  storing  cement  and  steel, 
furnishing  all  material  tor  forms,  centers  and  supports; 
bending,  setting  and  securing  all  reinforcing  bars,  mixing 
and  placing  concrete  and  fine  grading,  and  tamping  the 
bottom  of  the  reservoir.     The  bids  follow: 

Henry    Maair    J: 

W.  P.  Jungclaus  Co         [3.50 

Hoffman  Construction  Co  

Wain,  r  Construction   Co . .'  11.00 

.1    1:     Karstedl    10.00 

I  bill  Construction  Co stj 

Dodge  and   Helby   7  v> 

.1    \\  .  Martin  777 

l:    H    Seen   

Hum  Ins   '  lonstruct  ion  Co 

Mead  Construction  Co 

The  contract  was  awarded  the  Mend  Construction  Co. 
May  26,  1921,  and  was  furnished  (fit.  24.  1921,  the  day  before 
the  time  set  in  the  contract  for  completion.  The  placing  of 
concrete  began  June  27.  and  was  completed  in  120  days 
.'lapsed   time. 

Average  daily  progress  for  elapsed  time  (120  days)  was 
93  cu.  yd.  Maximum  day.  328  en.  yd.;  average  monthly 
progress,  2.S00  cu.  yd.;  maximum  month.  5,323  en.  yd  Ex- 
pressed in  percentage  the  rate  of  progress  follows:  June, 
2  per  cent;  July,  25  per  cent;  August,  48  per  cent;  Septem- 
ber,  21  per  cent;  October,  4  per  cent;  total,  11,158  cu.  yd. 

Costs  of  Concrete  and  Reinforcement. — The  water  company 
furnished  15,523  barrels  of  cement  at  a  cost  of  $2.44  per  bar- 
rel, which  the  contractor  handled  for  19  ct.  per  barrel;  464 
tons  of  steel  bars  cost  the  water  company  $2.58  per  100  lbs., 
including  the  cost  of  bar  spacers,  and  was  placed  for  $15 
a  ton. 

Five  thousand  five  hundred  and  five  cubic  yards  of  gravel 
were  purchased  at  a  cost  of  $1.53  per  cubic  yard,  and  8,443 
cu.  yd.  of  gravel  were  reclaimed  from  the  excavation  as  a 
cost  of  47l2  ct.  per  cubic  yard. 

The  concrete  was  mixed  1:2:4  and  required  1.39  bbls.  of 
cement.  S3  lbs.  of  steel  and  1.25  cu.  yd.  of  gravel. 

The  unit  cost  of  concrete  to  the  water  company,  excluding 
engineering,  follows: 

Per  cu.  yd. 

Cement    $3.40 

Sti  el   bars    2.15 

Gravel    l.n 

•Labor    (by  contract)    6.39 

Total    $13.05 

•Including  a  small  quantity  at  $8.00. 
Quantities  of  concrete  in 

Floor    5,479  cu.  yds.  =  49  per  cent 

Walls                 S61  cu.  yds.  =  8  per  cent 

Columns    366  cu.  yds.  =  3  per  cent 

Root   4,345  cu.  yds.  =  39  per  cent 

Miscellaneous    107  cu.  yds.  =  1  per  cent 

Total    11,158  cu.  yds.  =  100  per  cent 

The  labor  cost  of  mixing  and  placing  was  $1.71%;   fuel,  12 

ct.,  and  miscellaneous  hardware,  steel  and  repairs,  29  ct.  per 

cubic  yard. 

The  distribution  of  steel  bars  was  as  follows: 

Floor    124  tons  =  0.34  per  cent  by  volume  of  concrete 

Walls     47  tons  =  0.S3  per  cent  by  volume  of  concrete 

Columns    31  tons  =  1.28  per  cent  by  volume  of  concrete 

Roof   255  tons  =  0.89  per  cent  by  volume  of  concrete 

Miscellaneous    7  tons  =  0.94  per  cent  by  volume  of  concrete 

Total    464  tons  =  0.63  per  cent  by  volume  of  concrete 

Floor  Construction  and  Cost. — Hand  grading  and  tamping 
preparatory  to  laying  floor  cost  the  contractor  $1.50  per  100 
sq.  ft.  The  floor  is  formed  by  a  series  of  parabolic  grained 
arches  having  a  rise  of  18  in.  on  a  span  of  15  ft.  8  in.,  a 
minimum  thickness  of  9  in.  and  a  maximum  thickness  of  27 
in.  at  the  columns.  The  column  base  is  28  in.  square.  In 
construction  the  floor  was  divided  into  two  parts,  the  lower 
4  in.  was  laid  first  as  a  mat,  reinforced  with  %  in.  square 
twisted  bars  spaced  12  in.  centers  in  two  directions.  This 
mat  served  the  double  purpose  of  a  waterproof  membrane 
and  as  the  foundation  for  the  grained-arch  upper  floor  section. 
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In  forming  the  i  arabollc  fta 

ipported   upon   rectangular   wo  Eight   of 

.  .       , 

- 1  02V4 
Dtendenci  ■    bond 

DOt    Included    in    unit    COBl 

Include  «  bat<  ■ 

Roof.    Columns    and    Walls.      The    I  '    In     thick, 

'  ha  ■  olumn 
the  bottom 

formed   bars 
d  under  the  assumed  lot  0  lbs    per 

Inch. 
The    columns   and    column   h  r    and    were 

th<    conl 

each. 


Interior   of   Filter   Before   Filling. 

•  rit.-il  of  column   form-   sufficient   to   form    10   per  cent 
ins  at    onct  Hoor  screeds 

distributed  over  l-'u  columns  amount 

The  walls  are  15  in.  thick   and   resl   upon   a   tooting   9   In. 
thick  ■  of  outer  wall  line,  the  vertical 

reinforcement   having    Its   anchorage    In    thi     Boor   and   roof 
slabs. 

The  walls  at  the  cornet   ol  the  r<  I  to  a 

radius  i.i  in  it.,  this  expedient  having 

in  the  elimination  of  contractloi  re  such 

.ir.'    usually    found    troublesome      Reinforcement   for 

•  s   in   the   «  5s   in.  round 

liters  in  each  face. 

The   form   lumbi  is   per  cent  of 

.11  length  and  15  i  the  roof  Burface,  inelud- 

ipports   t ■  >r  27   per  I surface   distributed 

I"!  med  amounted  to  5  i  I 
•   forming  labor  for  roof  surface  was  11% 

7    10   ct. 

luare  foot. 
The  root  •'!  ol   a  sei  or  trussed 

units   made   from    2    iii     x    B    in     planks   doubled,    which   were 
8V4   ft    centei     and  lagged  with  2  In,  \  8  In    planks. 
U  i  upon  wedges      \t  the  i  entei    point 
I    In.  \  '.   in    prop  was  left 
standing  for  3  tl  lick, 

Th"  drop  md    columns    wen    madi    ol    wooden 

■  d   about   7   i  Imes.     Wall 
forms  ...  using 

~%   in    tongue  and  i    rertlcallj 

8   In    rihs  placed   longitudinally,  and  with 
flanges  at  tl  bolting  thi  ether. 

Pour   Inch   l.>    6  inch  horizontal  walln,  i    |n    centers 

were  bolted  through  the  wall  at   Intel 

round   rod-   held   by  i  lamp        Thi  -  | .    left 

in   pia> •■•  after  the   removal   of   forms   and    the   ends   burned 
off  flu  -  ii  w!ih  the  wall  and  plastered  with  pitch. 
Concrete    Equipment.    The    contractoi       equipment    con- 


Blsted  of  one  is  cu  ft  Roehring  mixer  mounted  upon  a 
platform  forming  the  base  of  a  tower  74  ft.  high  and  located 
beneath  s  charging  hopper  or  bin  holding  46  cu,  yd  of  gravel. 
The  tower  supported  one  concrete  chute,  30  it  long  and  two 
.  ounter  balanced  chutes,  oni  10  ft  and  one  50  it.  long,  giving 
a  working  radius  ol  120  ii  This  apparatus  was  mounted 
upon  rollers  for  convenience  In  moving.  The  chute  system 
was  manipulated  from  a  70  ft  boom  attached  to  the  hase  of 
the  tower  ami  the  elevating  bucket  operated  by  a  Byers  sin- 
drum  hoisting  engine  The  hopper  was  charged  by 
-ii   a  i  'i\  ii''.  2  drum  hot  mounted  upon  a 

trick  mounted  upon  rollers  and  having  a  7u  ft. 
boom  and  ,  yd,  clam  bucket,  in  addition  to  this  outfit  the 
contractoi    used  a  Jaegei  .itch   mixer   for  placing 

Boor  concrete. 

The  larger  mixing   plant   wa     Bi  I    placed   In   the  center 
ni  on.-  end  of  the  Btructure,  an  i   was  moved  *  times  down 
in   tin-   opposite   end,    finishing    Boor,    wall-    ami 
derrick  moved  along.     Day-joints  were   properlj 
bulkheaded    ami    keyways    left     in    all    bulkheads,     Imme- 
diately upon  the  completion  of  one  portion  ol  the  roof  the 
"i  the  day'i    work   were  dammed  with  a  small  mor- 
tar  edging  and  water  about    i'.    In    deep   was   permitted   to 
till    tlie    enclosure;     this    procedun     resulted    in    eliminating 
surface  checks  by  keeping  the  fresh  concrete  saturated,  and 
mi' it   in  keep  Hi''   temperature  "'    the   concrete   from 
during   tin'   hot    <la>s   „i    midsummer.     No   expansion 

'  ■  "■  provided    de] ;•  :  ■  i  iced  upon  the  steel 

bars,   keyways  and   the   den  concrete   mixture  to 

produce  a  nolithic  and  water] i     tructure     The  centers 

were   removed   Beven   days   after   pouring   a   section   of   roof 
slab,  leaving,  however,  one   i   in    •.  6   in,  prop  in  the  center 
b   span   between   columns   in   two   directions.     In   seven 
more  these  props  were-removed,  and  in  two  more  weks 
10  di  •     ""in  date  ol  pouring  the  earth  till  was  distributed 
the  root  in  layers  7  to  10  in    deep 
It    must    be   borne    in    mind    in    thi      connection    that    the 
work  was  practically  all  done  in  midsummer  when  weather 
conditions  for  curing  the  concrete  were  most  favorable.    The 
roof   surface    was    smoothed    with    wood    Moats.      Bar   spacers 
to   properly   align   and   space  the   reinforcing   bars   were   em- 
ployed   throughout,    with    metal    high    chairs    at    the    column 
heads  to  maintain  the  steel  in  its  proper  position. 

Manholes  and  Ventilators. —  Bight  manholes  and  four  ven- 
tilators are  provided  for  ready  and  Mutilation.  The 
reservoir  is  divided  into  three  passes  by  two  baffle  walls 
which  provide  for  the  uniform  circulation  of  water  through 
all  parts  of  the  basin.  They  are  constructed  of  4  in.  brick 
walls  joining  columns,  and  extend  to  the  column  heads,  the 
«alN  being  reinforced  at  the  middle  point  of  each  panel  by 
a  12 -in.  square  brick  column.  Sixty  thousand  bricks  were 
used  in  these  walls. 

Connections. — Piping  connections  are  provided  so  that 
water  may  enter  or  leave  the  re  i  rvoir  at  three  points.  One 
of  those  connections  communicates  with  an  adjoining  res- 
ets oir  of  less  capacity  through  a  controlling  chamber  having 
a  drain  connection   by  means  of  whl  iservoir   may 

be  emptied  and  cleaned  independently.  Another  of  these 
connections  enters  a  sump  or  su.  Hon  well,  making  prac- 
tically the  entire  content  '  the  reservoir  available  to  the 
pumps.  Pipe  connections  are  4.S  in.  diameter.  The  struc- 
ture is  an  excellent  example  of  good  workmanship  in  con- 
crete, and  the  water  compain  ha  ■  very  reason  to  be  grat- 
ified by  the  able  and  efficient  manner  in  which  the  work  was 
handled  by  the  contractors. 

Piping  connections  were  completed  and  the  reservoir  place,! 
in  Bervice  In  January,  1922. 

Acknowledgment    is    made    to    the    Mead    Construction    Co.. 

Indianapolis,  tor  the  cost  data   furnished,  to  it.  .1.  T.  Jeup, 

chill  Engineer  Indianapolis  Water  Co.,  under  whose  direction 
the  work  was  executed,  and  to  Leonard  Metcalf,  Consulting 
Engineer,  Boston,  for  helpful  suggestions. 


Increased   Rates  at   Ashtabula,   Ohio.     An   increase   in    city 

water   rates,    ranging   from   6%   I"    17    per   cent,   will   go   Into 

"hen   the  new    franchise   |       ranted   to  the  Ashtabula 

Water   Supply  Co. 

The   old    franchise   expires    May   22   and    council   has   K| 

on  the  increase. 
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Some  Phases  of  the  Stream   Pollution 
Problem 

Work  of  U.  S.  Public  Health   Service  Explained  in 

Paper  Presented  at  Meeting  of  Illinois  Section, 
American  Water  Works  Association, 
March  29,  1922 
By  J.  K.   HOSKINS. 
ry    Engineer,    0     S     Pub  1th    Si  rvl<  e 

The  increasing  pollution  of  our  streams  and  coastal 
has  been  for  a  considerable  time  a  matter  of  serious  con- 
cern to  sanitarians  and  those  interested  in  the  promotion 
of  our  public  health,  and  is  bound  to  become  a  more  diffi- 
cult problem  as  our  population  increases,  and  these  waters 
are  used  more  intensively  in  the  industries  and  as  sources 
of  public  water  supply.  The  problem  is  an  intricate  one  and 
touches  on  some  phase  either  directly  or  indirectly  the 
welfare   of  the   entire   population. 

There  are  several  viewpoints  from  which  stream  pollution 
must  be  considered,  more  or  less  overlapping,  yet  distinct, 
namely,  the  economic,  the  aesthetic  or  recreational,  and  the 
effect  on  public  health. 

The  Economic  Phase. — The  economic  side  of  the  stream 
pollution  problem  is  one  that  has  been  given  little  consider- 
ation  until  recently,  but  is  gradually  coming  to  be  accorded 
the  importance  it  deserves.  Much  has  been  said  and  written, 
demanding  a  return  of  the  pristine  purity  of  our  water 
courses  ami  the  elimination  of  every  polluting  agency,  re- 
gardless of  the  cost  of  such  elimination.  The  practical 
absurdity  of  this  position  is  becoming  more  and  more  ap- 
parent, however  fine  it  may  prove  in  theory.  The  require- 
ments of  modern  civilization  demand  an  intensive  use  of 
our  natural  resources  and  the  reasonable  use  of  the  natural 
water  courses  cannot  be  excluded  from  this  requirement, 
since  they  constitute  one  of  our  greatest  national  assets. 
There  are  then,  real,  practical,  economic  limits  beyond 
which  it  is  unwise  to  go,  in  forcing  abatement  of  stream 
pollution,  and  the  determination  of  this  limit  for  each  indi- 
vidual stream  presents  a  problem  in  itself.  Thus,  an  eco- 
nomic study  of  a  definite  situation  may  disclose  that  it  would 
be  cheaper  to  procure  a  new  source  of  water  supply  for  one 
small  municipality  rather  than  to  treat  the  sewage  of  a 
large  up-stream  city;  or  it  may  be  found  more  economical  for 
an  industry  to  change  its  location  entirely  or  even  go  out 
of  business,  rather  than  to  incur  the  unreasonable  expense  of 
treating  a  refractory  industrial  waste.  In  general,  the  value 
of  benefits  to  be  derived  from  stream  purification  must  be 
weighed  against  the  costs  of  elimination  of  pollution. 

The  Recreational  Phase. — Most  streams  are  used  to  a  con- 
siderable extent  for  recreational  purposes,  such  as  bath- 
ing, fishing  and  boating,  which  use  is  greatly  retarded  or 
even  eliminated  if  excessive  pollution  is  allowed  to  occur. 
The  value  of  this  use  is  generally  intangible  and  difficult 
to  state  in  dollars  and  cents,  but  is,  nevertheless,  real.  Per- 
haps the  most  commonly  heard  descriptive  illustration  of 
the  excessive  pollution  of  any  stream  is  the  one  that  all 
the  fish  have  been  killed  in  it.  To  be  unable  to  catch  fish 
in  the  brook  that  was  formerly  the  ideal  fishing  place  of  our 
boyhood,  expresses  the  superlative  in  condemnation  of  pollu- 
tion in  that  particular  stream,  and  it  must  be  confessed  that 
the  nature  and  variation  of  fish  life  present  is  a  sensitive 
indicator  of  the  extent  of  pollution  in  any  water  course. 
Boating  and  bathing  are  also  affected  by  excessive  pollution 
and  in  many  cases  such  usage  of  a  polluted  stream  becomes 
an  important  public  health  problem.  The  esthetic  senses 
also  revolt  at  sight  of  grossly  polluted  water  courses. 

Floating  debris,  garbage  and  sewage  deposited  along  the 
banks,  ebullition  of  gas  from  decaying  sludge  in  stream  beds, 
and  highly  discolored  waters  from  domestic  and  industrial 
wastes  afford  ample  grounds  for  complaint  and  demand  for 
betterment  of  such  conditions.  While  all  of  these  factors 
are  of  secondary  significance  from  the  standpoint  of  health 
or  economics,  they  constitute  a  most  important  phase  of  the 
stream  pollution  problem  and  the  one  that  is,  and  will  be, 
i  responsible  for  the  largest  share  of  public  support  in  any 
movement  for  elimination  of  objectionable  pollution. 

The  Public  Health  Phase. — The  effect  of  stream  pollution 
on  public   health   is   undoubtedly   the  most   important   phase 


of  the  problem.  We  must  depend  primarily  on  our  streams 
for  sources  of  water  supply,  and  in  the  interest  of  health,  we 
must  above  all  demand  that  these  supplies  be  adequate  and 
free  from  contamination.  If  streams  are  to  be  used  for 
water  supplies,  they  must  either  be  unpolluted  or  methods 
of  artificial  purification  of  the  water  must  be  adopted  to 
Insure  a  suitable  standard  of  quality.  Our  present  knowledge 
of  the  art  of  water  purification  is  such  that  it  is  econom- 
ically impossible  to  produce  pure,  water  in  quantity  from  a 
grossly  contaminated  source.  The  effluent  from  any  purifi- 
cation plant  bears  a  very  definite  relation  to  the  condition 
of  the  raw  water,  and  hence  it  is  important  that  sources 
of  water  supply  be  not  polluted  beyond  a  certain  point,  if 
the  health  of  the  community  using  the  supply  is  not  to  be 
imperiled. 

On  the  other  hand,  public  health  demands  the  prompt  and 
efficient  removal  of  body  wastes,  and  this  has  been  found  to 
be  best  accomplished  by  the  water  carriage  method  of  dis- 
posal. The  proper  method  of  treatment  and  disposal  of 
these  liquid  wastes,  or  sewage,  is  therefore  a  public  health 
problem  closely  allied  to  that  of  stream  pollution  and  public 
water  supply. 

Study  Authorized  by  Congress. — Because  of  the  increasing 
seriousness  of  stream  pollution,  as  affecting  interstate  water 
courses  and  the  demand  for  remedial  legislation  for  such 
conditions,  Congress,  in  1912,  authorized  the  Public  Health 
Service  to  "investigate  the  diseases  of  man  and  conditions 
influencing  the  propagation  and  spread  thereof,  including 
sanitation  and  sewage,  and  the  pollution  either  directly  or 
indirectly  of  the  navigable  streams  and  lakes  of  the  United 
States."  In  compliance  with  this  authority,  the  Service 
organized  and  has  since  conducted  researches  to  determine 
the  fundamental  factors  operative  in  the  processes  of  stream 
pollution  and  stream  purification.  The  scope  of  the  study 
was  made  sufficiently  broad  to  cover  the  various  types  of 
problems  to  be  met  writh,  and  was  divided  into  three  sep- 
arate parts. 

A  study  of  the  coastal  waters  and  tidal  streams  was  under- 
taken under  the  direction  of  Surgeon  (now  Surgeon  General) 
Cummiag.  Much  information  was  obtained  on  the  effect  of 
pollution  on  the  shellfish  industry  and  methods  were  devel- 
oped for  counteracting  this  pollution  as  it  affected  the  pro- 
duction of  shellfish. 

Studies  of  the  nature  and  treatment  of  industrial  wastes 
were  conducted  under  the  supervision  of  Prof.  Earl  B.  Phelps. 
Experimental  treatment  plants  were  operated  for  sufficiently 
long  periods  of  time  to  demonstrate  the  most  effective  method 
of  handling  various  types  of  industrial  wastes,  and  at  the 
same  time  much  detailed  data  wa*  collected  pertaining  to 
the  nature  and  constituents  of  these  trade  wastes.  The 
results  of  these  studies  have  been  published  as  Bulletins  of 
the  Public  Health  Service.  Both  of  these  lines  of  study  have 
been  necessarily  discontinued,  temporarily,  at  least,  because 
of  insufficient  funds  to  carry  them  further. 

Studies  of  stream  pollution  and  stream  purification,  as 
pertaining  to  the  inland  rivers,  have  been  organized  and 
continued  under  the  direction  of  Surgeon  W.  H.  Frost.  In- 
tensive studies  of  the  various  phenomena  operative  in  stream 
purification  have  been  carried  on,  interrupted  during  the 
period  of  the  war,  with  Cincinnati  as  a  headquarters. 

The  greater  part  of  the  field  work  has  been  conducted  on 
the  Ohio  River  and  Ohio  River  watershed.  More  recently 
the  Illinois  River  has  been  under  observation  to  determine 
the  general  applicability  of  the  fundamental  laws  observed 
on  the  Ohio  River  work. 

Objects  of  the  Studies. — These  studies  have  been  pro- 
moted with  certain  definite  objects  in  view,  although  com- 
plete attainment,  it  is  realized,  will  require  a  great  deal  of 
time  and  the  expenditure  of  considerable  labor.  These 
objects  may  be  briefly  discussed  in  passing. 

The  first  object  is  to  determine  the  actual  nature  of  the 
various  important  primary  types  of  polluting  substances  in 
fundamental  terms,  and  then  to  ascertain  and  evaluate  the 
effects  of  each  when  discharged  into  a  stream.  An  intelli- 
gent study  of  stream  pollution  cannot  be  undertaken  unless 
we  take  into  account  the  origin  and  constitution  of  various 
polluting  substances.  This  means  that  the  actual  agencies 
of  pollution  must  be  carefully  considered  and  these  various 
forms  of  pollution  be  reduced  to  some  common  standards 
of  measurement.  We  must  know  of  what  domestic  sewage 
consists,  what  the  properties  of  such  sewage  are,  and,  if 
possible,   reduce    these    constituents    or   properties    to    some 
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their  off..!    on   the   stream   may    be   stated    In    readily   ascer- 
tainable   units    of    production,    such    as    per    bushel    of    corn 

What  Are  the   Laws  of  Stream    Purification?     Another  ob- 
it possible,  the  fundamental  laws,  if  such 
thai    operate   to    produce   the    phenomenon   ol   stream 
purification.      This     observed     purification    is    a    progressive 

nee  of  following  definite  fundan 
laws,  although  these  may  be  very  <omph\  and  not  easy 
of  determination.  There  are  many  functions  that  modify 
the  rate  of  purification,  and  these  may  be  so  interwoven  and 
combined  as  to  prevent  separate  analysis  Certain  it  is  that 
the  old  statement,  that  a  flowing  stream  purities  itself  in 
miles,  is  far  from  correct.  We  know  that  velocity, 
or  time  of  flow,  is  a  controlling  factor  rather  than  distance. 
Temperature,  both  of  the  water  and  of  the  superimposed 
air.  turbulence  of  the  water,  and  the  physical  content  of  the 
sposure  '"  light  and  air,  all  of  these,  together 
with  others,  are  factors  that  affect  the  rate  of  purification. 
Each  must  be  studied  under  controlled  conditions,  if  sound 
theories  of  purification  are  to  be  evolved. 

The  third  object  mine  what  agencies  are  active 

in  the  process  of  stream  purification  and  the  significance  of 
the  role  of  each  agency  in  this  process.  It  is  necessary 
to  know,  for  example,  what  particular  organism  or  constit- 
uent is  responsible  for*"a  specific,  observed  change  in  the 
chemical  composition  of  the  various  compounds  constituting 
pollution;  what  role  such  organism  or  constituent  plays  in 
ng  such  specific  change,  and  what  is  the  significance 
of  each  of  these  factors.  This  is  in  itself  a  complex  problem 
and  one  about  parts  of  which  little  is  known.  We  know, 
for  instance,  that  in  the  purification  process,  the  death  rates 
of  bacteria  are  a  measure  of  the  rate  of  purification,  but  we 
do  not  know  what  that  death  rate  is.  to  what  it  is  due,  or 
what  all  of  the  factors  are  that  retard  or  accelerate  it.  We 
believe  that  the  plankton,  both  animal  and  vegetable  forms, 
play  an  important  role  in  purification  processes,  but  we 
know  very  little  about  their  specific  activities  and  their 
food  habits,  or  the  net  effect  of  the  products  they  generate, 
such  as  oxygen  for  instance. 

We  know  that  certain  classes  of  organisms  break  down 
into  simpler  lorms  the  organic  matter  present  as  polluting 
substances,  but  just  what  these  proci  not  say. 

now   that  the  process  of  purification  depends  upon  the 
oxidation   of  organic   matter  present,   but    we    know   little   of 
which    this   oxidation    proceeds,    or   the   factors 
that  I  id  this  rate.    We   I  i  -   the  process 

of  purification  certain  chemical  changes  t.  ii   with 

our    p:  ffii  nli;.     m    inter- 

prets., ning    of    these    change ...    modified    as    they 

are  by  so  many  other  active  agencies.     These  are  some  of 
the  many  problems  to  be  solved  il   we  are  to  have  an  under- 
standing of  what  d  be  the  simple 
1 1  Willi  purification. 

Large  Streams  and  Complex  Conditions.  Another  object 
..f  the  Service  studies  i     to  maki  ..i   pol- 

luted streams   that  are   of  sufficient  size   and   representative 
of  avei  determine  I  -.  arious 

Of  pollution    where  these   t-;  .    prac 


tical  way,  and   to  verify  the  tl  conclusions   arrived 

.it  concerning  stream  purification  Vfter  the  required  data 
are  obtained  regarding  the  nature  and  extent  of  the  various 

polluting  wastes,  their  actual  effect  00  the  water  course  mto 
which  thej  art'  discharged  must  be  observed,  ami  the  rate 
at  which  the  Btream  is  able  to  i  ill.    pollution  load 

must  be  determ d     These  observations  should  cover  suf- 

Sclent]}  long  periods  ot  time  and  be  ol  broad  enough  scope 
in  order  that  the  conclusions  drawn  may  be  of  general 
application  iii  other  places  where  similar  sets  of  conditions 

This   is   the    phase   of   the    problem   that    is   now    being 

Btudied  by  means  ol  the  laboratory  located  along  the  Illinois 
River,  and  which  will  be  d  detail  later. 

Practical     Applications.     Anothi  i     object     is    to    make    the 
..i   tin-  studies  of  practli  ind  general  applica- 

tion, bo  that  costly  and  tedious  technical  investigations  need 
not  be  conducted  in  each   individual  case  to  determine  the 

i  conditions  to  be  expected  Mom  known  amounts  of 
pollution.  This  is.  perhaps,  the  mo  '  difficult  problem  of  all; 
but  if  the  solution  be  capable  of  cleat  statement,  it  should 
be  of  great  value  in  determining  for  any  stream  what  de- 
gree of  purification  may  be  anticipated  at  any  point  due 
to  a  known  amount  of  pollution  being  contributed  at  some 
point  upstream.  That  is.  if  to  any  stream  of  known  volume 
of  How,  we  know  a  population  of  say  100,000  is 
luting  domestic  sewage,  we  should  be  able  to  deter- 
mine within  reasonable  limits  the  amount  of  pollution  that 
might  be  expected  to  be  present  at  a  point  100  miles  down- 
stream  at  a  waterworks  Intake;  or,  again,  we  should  be 
able   to   estimate   the   effi  nrface   water    supply   of 

say  an  increase  of  50,000  inhabitants  on  the  upstream  water- 
shed, or  the  additional  load  that  such  an  increase  might 
be  expected  to  contribute  to  a  water  purification  plant 
These  conclusions  should  be  possible  without  the  use  of 
extensive  and  costly  laboratory  examinations  covering  ex- 
tended periods  of  time.  Furthermore,  such  complete  surveys 
should  be  of  aid  in  establishing  reasonable  limits  of  per- 
missible pollution  and  Indicate  the  point  at  which  treatment 
of  wastes  must  begin  if  objectionable  conditions  in  the 
receiving  stream  are  to  be  avoided. 

The  Work  and  Organization  of  the  U.  S.  Public  Health 
Service. — These  are  some  of  the  phases  of  the  stream  pollu- 
tion problem  that  the  Public  Health  Service  has  begun  to 
study.  Much  preliminary  work  has  been  necessary  to  devise 
and  perfect  methods  and  to  colled  existing  data  and  reduce 
previous  independent  studies  to  comparable  terms  where  it 
might  be  of  value.  To  obtain  the  greatest  benefit  from  the 
organization  dealing  with  the  study  of  interstate  streams,  the 
work  was  separated  into  three-  main  divisions,  all  of  which 
have  been  carried  on  simultaneously  with  the  objects  in  view 
as  outlined  above. 

Experiments  on  Polluting  Agencies. — The  first  division  has 
been  conducting  studies  and  expi  riments  on  the  nature  and 
effect  of  polluting  agencies.  Analyses  of  various  classes  of 
industrial  wastes  and  sewage  have  been  carried  on,  to  estab- 
lish, if  possible,  the  relationship  between  constituents  of 
the  waste  and  fundamental  fa.  ictive  in  the  production 

of  the  particular  waste,  regardless  of  the  volume  of  the 
waste  itself.  Thus,  in  scouring  a  pound  of  wool,  a  relatively 
uniform  amount  of  nitrogen  is  contributed  to  the  washing 
waters,  regardless  of  whether  the  amount  of  water  itself  is 
great  or  small,  and  similarly,  for  domestic  sewage  certain 
constituents  are  more  nearly  proportional  to  the  per  capita 
population  contributing  than  to  Hie  volume  of  sewage  dis- 
charged. The  most  economical  methods  of  treatment  of  such 
wastes  have  been  studied  at  the  same  time. 

Phenomena    of    Purification.     The    second    division    of    the 
study  has   been   concerned   with    the   phenomena  of   Bl 
purification.      Detailed     data    are     being    assembled    dealing 
with    the    nature    and    extent   of   various    kinds   of   pollution 
being    contributed    to    certain    large    streams;     studies    are 
being  made  of  the  hydraulics  of  these  water  courses,  such  as 
their   velocities   of   flow,   and   amounts   of   water  conti 
by   tributaries  and  other  sources  of  inflow,  and,  in  addition, 
laboratories   for   studying   the   actual    degree    of   purification 
effected  at  various  points  throughout  their  courses,  are 
being  operated  for  sufficiently  long  periods  of  time,  to 
reliable   data. 

Effects  of  Pollution  on  Public  Health.— The  third  division 
of  the  work  has  to  deal  with  the  effect  of  Intensity  of  pull" 
tion  on  the  public  health,  principally  through  the  agency  of 
the  public  water  supply.     This  ha     Involved  a  rather  detailed 
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study  oi  the  present  methods  of  water  purification  :tml  treat- 
ment In  various  types  of  plants,  and  the  efficiencies  of  such 
plants  under  varying  pollution  loads  Studies  have  also 
been  made  of  the  actual  conditions  of  public  health  in  differ- 
ent communities,  where  various  typos  of  treatment  plain-,  and 
varying  grades  of  water  are  being  supplied  for  consumption. 
This  work  has  included  the  making  of  detailed  sanitary  sur- 
veys of  every  municipality  baring  in. nun  population,  or  over, 
on  the  Ohio  River  watershed,  as  well  as  of  the  greater  num- 
ber of  cities  in  the  Eastern  and  North  Atlantic  SI 

Work  on  the  Illinois  River. — As  a  part  of  this  general  pro- 
pram,  a  study  of  conditions  existing  throughout  the  Illinois 
River  is  at  present  in  progress.  The  work  is  not  being  done 
primarily  from  the  viewpoint  of  a  local  problem,  although 
some  phases  of  it  are  of  considerable  local  interest.  From 
whai  ha.-  been  said,  it  is  evident  that  a  study  to  fulfill  the 
objects  of  the  Public  Health  Service,  as  outlined  above,  must 
be  made  on  a  stream  where  all  possible  factors  can  be  ob- 
tained in  definite  well-defined  units,  if  results  of  general 
application  are  to  be  secured.  Hence  it  is  advisable  to 
choose  for  such  study  a  stream  where  definite  values  are 
obtainable  to  the  greatest  extent.  The  Illinois  River  meets 
these  requirements  to  a  considerable  degree. 

Th  pollution  contributed  to  the  Illinois  is  largely  added  at 
one  point  and  from  a  definite  well-defined  area.  There  is 
very  little  dilution  of  this  pollution  effected  by  tributaries 
of  the  main  stream,  so  that  the  observed  degrees  of  pollution 
noted  at  various  points  along  the  channel  need  not  be  cor- 
rected appreciably  because  of  such  modifications. 

The  sources  of  pollution  are  definitely  known,  or  are  read- 
ily ascertained.  The  population  discharging  sewage  into  the 
main  drainage  canal  is  clearly  defined.  Likewise  the  nature 
and  extent  of  the  various  industries  in  this  area  have  been 
enumerated  and  data  are  available  relating  to  the  nature  and 
amounts  of  industrial  wastes  discuarged  to  the  drainage  canal. 

The  volume  of  flow  of  the  Illinois  River  is  also  capable 
of  determination  and  the  amount  of  water  diverted  from  Lake 
Michigan  is  a  matter  of  record.  Surveys  of  the  entire  river 
channel  have  been  made  by  the  U.  S.  Corps  of  Engineers, 
who  also  maintain  gages  throughout  the  stream  whereby  the 
daily  flow  at  any  point  can  be  computed. 

Much  additional  pertinent  data  has  been  collected  by  other 
state  and  local  agencies  which,  being  available,  has  made 
the  Illinois  a  most  attractive  stream  for  a  study  of  the  kind 
at  present  being  undertaken. 

Coming  now  to  the  present  study  of  the  Illinois  River,  this 
work  has  been  separated  into  three  main  divisions,  all  of 
which  are  being  carried  along  simultaneously  at  this  time, 
consisting  of  hydrometric  studies,  sanitary  surveys,  and 
laboratory  analyses  of  samples  of  river  wrater. 

Hydrometric  Studies. — The  hydrometric  studies  consist  in 
making  field  determinations  of  the  daily  flow  of  the  main 
stream,  at  various  points,  and  of  all  tributaries  as  they  dis- 
charge into  the  main  stream.  This  is  done  by  making  fre- 
quent current  meter  measurements  of  flow  at  various  known 
gage  heights.  Numerous  gages  carefully  located  are  read 
daily,  and  from  these  records  the  daily  volume  of  flow  is 
computed,  using  the  current  meter  measurements  as  a  basis. 
A  considerable  amount  of  this  work  is  being  done  in  co- 
operation with  the  U.  S.  Geological  Survey,  which  is  furnish- 
ing most  of  the  gage  readers.  This  data  is  being  assembled 
in  such  a  way  that  it  will  be  possible  to  state  in  reasonably 
accurate  terms  the  total  amount  of  water  passing  any  sam- 
pling section  on  any  day  and  the  volume  of  water  added  to 
the  mainstream  by  each  of  the  important  tributaries  of  the 
Illinois.  The  amount  of  water  being  diverted  daily  from 
Lake  Michigan  is  also  known,  so  that  the  total  volume  of 
stream  flow  is  determinable. 

Another  phase  of  the  hydrometric  studies  has  to  do  with 
the  determination  of  the  velocity  of  flow  throughout  all  parts 
of  the  river.  Because  of  the  complete  channel  survey  made 
by  the  United  States  Corps  of  Engineers,  the  most  feasible 
method  of  determining  the  velocity  was  found  to  be  by 
means  of  the  displacement  method,  correlated  with  slope  of 
channel  as  indicated  by  gages  placed  throughout  the  stream 
length.  These  computations  are  so  arranged  that  it  is  pos- 
sible to  determine  the  time  consumed  for  the  water  to  pass 
from  one  sampling  section  to  the  next  below,  and  in  that 
way  establish  the  effect  that  has  taken  place  in  such  time 
interval. 

Sanitary  Surveys. — Sanitary  surveys  have  been  practically 
completed  of  all  important  industries  and  municipalities  con- 


Ing   wastes  to  th..  stream   to  determine   the  extent  of 

the  coniiil.uiinii  of  pollution.  Much  of  this  data  had  been 
previously  collected  by  various  organizations,  but  personal 
visits  have  been  made  to  industries  and  towns  along  the 
river  where  data  were  not  otherwisi  it  is  hoped 

by  this  information  to  establish  in  fundamental  terms  the 
relationship  between  known  numbers  of  population  and  pol- 
lution effect  observed  in  the  stream. 

Laboratory  Studies. — The  laboratory  studies  having  to  do 
with  the  actual  determination  of  the  daily  condition  of  the 
river  water  at  numerous  points  throughoul  the  eourse  of  the 
stream  have  been  the  most  tedious  and  expensive  part  of 
the  study.  In  order  to  obtain  reliable  results  the  laboratory 
work  must  be  carried  on  over  a  sufficiently  long  period  of 
time  to  observe  seasonal  and  other  changes  that  may  take 
place.  Needless  to  say,  the  work  must  be  thoroughly  stand- 
ardized and  accurately  performed,  in  order  that  results  from 
all  laboratories  are  strictly  comparable  in  every  respect. 

Pour  laboratories  have  been  established  on  the  Illinois 
River,  the  main  laboratory  and  headquarters  at  Peoria,  and 
branch  laboratories  at  Joliet,  Beardstown,  and  Kampsville. 
The  locations  were  so  chosen  that  samples  from  practically 
section  of  the  river  could  be  delivered  to  one  of  these 
laboratories  promptly  for  complete  examination.  Definite 
sections  were  established,  from  which  daily  samples  could  be 
collected,  and  either  brought  or  shipped  by  express  to  the 
most  accessible  laboratory  A  special  type  of  sample  col- 
lecting apparatus  was  devised  by  means  of  which  bacterio- 
logical and  chemical  samples  can  be  taken  in  separate  bot- 
tles at  the  same  time,  and  from  the  same  water  stratum. 
It  is  hoped  to  continue  this  intensive  laboratory  work  over 
a  period  of  a  complete  year. 

The  analytical  work  has  followed  three  principal  lines — 
bacteriological,  chemical  and  biological. 

Daily  bacteriological  analyses  are  made  on  all  samples 
received,  in  strict  accordance  with  carefully  standardized 
technique  and  by  carefully  trained  bacteriologists.  All  of  the 
culture  media  is  made  at  a  central  point  and  in  accordance 
with  standard  methods.  The  bacteriological  determinations 
consist  of  numbers  of  bacteria  growing  on  gelatin  at  20  de- 
grees Centigrade  in  438  hours,  and  on  agar  at  37  degrees  in 
24  hours,  and  the  numbers  of  B  coli  computed  by  the  decimal 
dilution  method.  Differentiation  of  types  of  B  coli,  grain  or 
fecal,  by  means  of  dextrose  peptone  phosphate  broth,  is  made 
on  a  certain  percentage  of  all  Coli  cultures  isolated. 

The  chemical  work  has  been  considerably  reduced  because 
from  past  experience  it  has  been  found  that  many  complete 
mineral  analyses  are  not  justified.  The  alkalinity  and  turbid- 
ity are  determined  for  all  samples  collected,  as  well  as  the 
immediate  dissolved  oxygen.  The  biochemical  oxygen  demand 
is  also  determined  for  every  sample,  using  the  dilution 
method  and  incubating  the  sample  for  a  period  of  5  days  at 
a  temperature  of  20  degrees  Centigrade,  and  ascertaining 
the  dissolved  oxygen  present  at  the  end  of  this  incubation 
period.  We  believe  this  to  be  one  of  the  most  valuable  tests 
at  present  in  use  for  indicating  the  degree  of  pollution  and 
the  rate  of  purification  that  may  be  expected  to  occur  from 
such  pollution. 

Composite  samples,  covering  periods  of  ten  days,  are 
made,  preserved  with  sulphuric  acid,  and  analyzed  for  certain 
constituents  such  as  oxygen  consumed,  free  ammonia,  Kjel- 
dahl  nitrogen,  and  nitrogen  oxides,  including  nitrates  and 
nitrites.  It  has  been  found  by  a  careful  series  of  experiments 
that  the  sulphuric  acid  preserves  such  samples  without 
change  for  a  sufficiently  long  period  of  time  to  make  this 
method  entirely  practicable. 

The  biological  part  of  the  laboratory  studies  has  been 
designed  to.  more  or  less  supplement  the  extensive  work  of 
the  State  Natural  History  Survey,  and  to  correlate  the 
present  findings  with  the  observations  so  carefully  made  by 
Professor  Forbes  and  his  workers.  Consequently,  only  a 
small  part  of  the  biological  field  is  being  touched  upon. 
Monthly  samples  of  bottom  sediment  are  collected  at  selected 
points  and  the  nature  and  amount  of  the  content  of  these 
various  sludge  deposits  noted.  Weekly  samples  of  plankton 
are  collected  from  much  more  frequent  sampling  stations, 
and  these  plankton  forms  counted,  identified,  and  recorded. 
Special  attention  is  being  paid  to  the  presence  of  those  forms 
which  in  their  processes  of  development  generate  and  impart 
oxygen  to  the  surrounding  water,  and  thus  influence  the  rate 
of  oxidation  of  the  organic  matter  present. 
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Cross      Connections     By-Passes     and 
Emergency  Intakes  on  Public 
Water  Supplies 

A    valual  ■  m    tins    subject      vas    presented    at 

the    last    annua]    confers I    State    Sanitary     Engineers 

held  ;a  Boston,  Ma  I    rune,  bj   a  committee  con 

A      Emerson,    W.    II.    Dlttoe,    11.    P. 

:  I    M     Z.    Hair.     The    repori    was    unanimously 
adopted  by  the  Conference.     An  abstract  ol   th< 
pared   bj    S.    Plni  m   the   March   Journal   of   the 

American  Waterworks  Association,  t<>  which  we  are  Indebted 
i   following: 
The  ■       ol  giving  Increased  recognition  to  thi 

ual  and  indirect  methods  of  Impairing  the  ■  ni;i  1  i t  >  . . i  a  water 
Buppl]  ma]  and  emergency  situation  whereby 

the  public  water  supply  ma}    bei  ome  unsafe,  is  stressed  in 
port  oi  the  State  Sanitary  Engineers'  I  on 
With  the  public  water  supplies   rapidly   reaching  a 
gnltary    quality,    it    becomes    steadily   more 
Important  that  the  water  furnished  cities    be  protected   from 
Incidental   or  accidental    Infection   through    ways   thai 
would  consider  more  or  loss   remote      T  ,    tyed   by 

nous,  by-passes  and  <  mergeni  j  Intakes  on  public 
supplies  In  the  production  ol   the  typhoid  fever  rates 

of  An  has    i n  overshadowed    by   the   typhoid 

by  the  usual  impurity   ol   the  water  supplies  or 
in  prevalence  of  other  unsanitarj  conditions  pro- 
ducing typhoid.     '!  anitation   ol   our  cities  and 
tt.-r  quality  of  our  water  supplies,  which  has''  made  it 
obtain  th>'  verj    low  typhoid  death  rail's  o 
u  -.  will  make  more  evident   the  efTect  of  the  ever 
I   hazards,  though  only  sporadically  encountered,  that 
an-    inherent    in    these    physical    connections    to    dangerous 
Bupplies. 

i  data  from  thirty  Btate  departments 
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or  maintained  between  the  public  water  supply  system  and 
an]  other  water  supply  system,  private  or  public,  unless  both 
water  supplies  are  of  safe  sanitary  quality  and  both  supplies 
and  the  connection  thereof  have  received  the  approval  of  the 
state  health  department 

Principle  No.  2:  in  cases  where  it  is  necessary  or  advis- 
able to  supplement  an  Impure  private  water  supply  with  the 
public  water  supply  distributed  In  the  same  piping  system, 
the  public  supply  must  be  made  available  by  delivering 
it  into  a  cistern  auction  well  oi  ok,  at  an  eli ■•■ 

above  the  high  water  line  of  Buch  cistern,  smtum  well  oi  tank. 

Recommended  Modifications  of  Above  Principles  for  Tem- 
porary Application  Under  Exceptional  Circumstances. — While 
the   committee    is   of   the  opli i    that    full    safety   demands 

such    Complete   separation    of   the    public    water    -apply   system 

from  other  water  supph  .  tern  delivering  Impure  water. 
the  committee  recognizes  the  reli  live  degree  ol  afetj  which 
can  be  provided  by  suitable  chei  astallationa  on  con- 

nectii.i!  i    public   water   supplj    and   a   piping   system 

used  for  lire  protection  onlj 

The  committee  is  cognizant  ol  the  fact  thai  such  connec- 
tions maj  be  proper  and  reasonable  under  certain  condi- 
tions, and  desires  to  •  a  pies.,  the  following  requirements  which 
should  be  met  in  making  and  maintaining    ucb  Installations: 

1  Cross-connections  should  not  be  permitted  where  the 
tile  publii  water  supply  or  private  fire  protection  Bupply 

ipiale   for    lire    protect  ton    purpo 

2.  That  tin'  lire  protection  pi  tn  shall  not  be  con- 
nected with  any  other  piping  Bysti  m  upon  or  within  the  prop- 

erved,  and  that  there    hall   utlet  from  such  Are 

protection  piping  system  except  through  sprinkler  head,  fire 
plugs  and  hose  connections.  Tins  requirement  is  intended  to 
prevent  a  Mow  through  Chech  valvi  -  except  at  times  when  a 
sprinkler  head,  tire  plug  or  hose  connection  is  open. 

3.  The  cross-connection  shall  I quipped  with  such  devices 

i  can  most  effectually  prevent  an  inflow  of  water  from  the 
fire  protection  system  to  the  public  water  supply  systi 

4.  The  committee  is  of  the  opinion   that   the   mo- 1    ellicient 

ami  dependable  device  developed  up  to  date  (aside  from  the 

method  described  in  Principle  No  L'  above)  is  the  check 
valve  installation  recommended  i  tin  Associated  Factory 
Mutual  Fire  insurance  Companies  ol  Boston,  .Mass.  cot 
ing  of  two  '''  valves  with  indicator  posts,  two  check  valves 
I  '.  torj  Mutual  type,  with  drip  cocks  and  gauges  for 
testing,  an  alarm  valve  equipped  with  a  recording  pressure 
gauge,  a  by-pass  meter  around  tb"  alarm  valve,  all  to  be 
placed  in  a  vault  of  water-tight  construction  accessible  to 
ready  inspection. 

5.  A  systematic  test  inspection  ol  the  cross-connection, 
including  periodic  examination  of  the  interior  of  the  check 
valves  by  the  department  in  charge  ol  the  public-  water  sup- 
ply system,  must  be  provided,  withoul  which  inspections  the 
installations  of  the  cross-connection  would  be  a  highly  dan- 
health    menace.     The    m  pection    must    therefore   be 

made   reliable,   thorough   and    re    pi  in    Ible 

6.  The  committee  views  as  a  sell  evident  requirement  that 

iv  ease   where  a   crosi  connection   is  being  considered 
tor  approval  a  thorough  investigation  will  he  made  as  to 

Conditions    and    as    to    tlie    leii       J'     .mil    advisability    ot     the 
cross-connection,  and   that  tin-  local  municipal  officials  will  be 
ullv  acquainted  with  the  circumstances  and  given  due 
opportunity  lor  presenting  their  views. 

Recommended    Definitions   and    Principles   for    By-Passes. — 
A  by-pass   is  a  physical   arrangement    whereby    water   may 
erted   a  round   any    I'-atun     ol    a    purification  process  of  a 
public   water  supply. 

Principle  No,  I:     No  bypass  shi  uld  be  established  or  main- 
tained   whereby    water   may    be    diverted   around    any    feature 
,d   a    purification   process  of  a   public   water  supply   system, 
:>  d  that  with  the  -peciiii    approval  of  the  stale  Depart- 
ment of  Health  by-passes  may  b  i  permitted  around  primary 

sedimentation  basins,  aerators  or  mixing  chambers. 

Application    Recommended       Win  n     there   are   existing   hy- 

,   except  as    provided   above,    the   correction    should    be 

obtained  by  the  complete  removal  ol   the  by-passes  or  thi 

i  cinciv  al  of  a  section  of  the  by  pi 

Definition  and  Principles  for  Emergency  Intakes. — An  emer- 
gency   intake-    is    an    intake   or   Othei    device   capable   of    intro- 
ducing   water    into    the    public    water    supply    system    from    a 
source  of  supply  which,  because  of  Its  unsafe  characti 
i ..,    not  been  approved  foi  ordinal      i  e  i > >  the  state  Depart 

llietll     of    Health 

Principle  No    i       No  emergency    intake  should  he  estab- 
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lished  or  maintained  in  connection  with  a  public  water  supply 

S>  St.  in. 

Application  Recommended.— Where  emergenc]  Intakes  are 
in  existence  and  where  the  regular  water  Bupplj  is  adequate 
and  the  emergency  intake  can  be  safely  removed,  the  emer- 
gency intake  should  be  completely  taken  out  so  as  to  be 
unavailable  tor  use. 

Where  the  regular  water  supply  sy  item  is  not  adequate  and 
the  maintenance  of  an  emergency  intake  is  conclusively 
necessary,  it  is  obvious  that  such  intakes  must  be  continued, 
but  should  be  under  the  complete  supervision  of  the  state 
department  of  health  so  that  the  intakes  will  not  be  used 
:  under  conditions  constituting  an  emergency.  During 
the  continuance  of  the  emergency  intake,  the  state  depart- 
ment of  health  should  make  every  effort  to  obtain  the  en- 
largement of  the  existing  water  supply  plant  so  that  the 
emergency  intake  may  be  removed  at  the  earliest  possible 
time. 

For  the  maintenance  of  an  emergency  intake,  under  the 
above  mentioned  circumstances,  the  following  safeguards 
should  be  adopted  and  enforced: 

1.  (a)  The  water-tightness  of  the  valve  on  the  emergency 
intake  connection  should  be  tested  and  the  valve  sealed  by 
the  state  department  of  health  or  (b)  the  valve  should  be 
sealed  and  a  section  of  the  intake  piping  should  be  removed, 
making  it  necessary  to  replace  the  pipe  section  before  the 
intake  is  available. 

Provision  must  be  made  for  the  chlorinatlon  of  any 
water  taken  through  the  emergency  intake  before  delivery  is 
possible  to  the  distribution  system. 

3.  Whenever  it  becomes  necessary  to  open  the  emergency 
intake,  the  waterworks  official  must  give  immediate  notice, 
if  at  all  possible,  preliminary  to  the  opening  of  the  intake, 
to  the  public  affected  and  to  the  state  and  local  health  offi- 
cials. The  disinfection  equipment  should  be  placed  in  service 
immediately  and  a  warning  given  to  boil  all  water  used  for 
drinking  and  domestic  purposes.  Such  warning  should  be 
continued  until  the  emergency  intakes  is  again  closed  and 
sealed,  and  the  water  supply  system  cleansed  and  declared 
safe  by  the  state  health  department. 


Service  as  an  Element  in  Rate-Making* 

By  CARL  WILDE, 
Director  of  Service.   Public  Service  Commission   of   Indiana. 

The  principle,  fully  recognized  and  applied,  that  the 
character  of  service  rendered  by  a  utility  should  be  taken 
into  consideration  as  an  important  element  in  determining 
its  rates,  is  of  great  assistance  to  the  service  department  in 
that  it  aids  that  department  to  induce  utilities  to  adopt 
proper  standards  and  rules  of  service. 

Commission  Rulings.— This  principle  has  been  recognized 
by  various  commissions  for  some  years.  On  December  30, 
1915,  the  Wisconsin  Commission  denied  a  telephone  company 
the  right  to  increase  its  rates  on  a  line  serving  only  a  few 
subscribers,  giving  inadequate  service  and  yielding  an  inade- 
quate rate,  until  adequate  service  be  established  and  a  rea- 
sonable effort  be  made  to  secure  additional  subscribers.  The 
commission  said  further  that  if  the  telephone  company  should 
prove  unable  to  give  satisfactory  service  after  a  reasonable 
trial  period,  the  commission  would  not  then  oppose  the 
extension  of  the  line  of  a  competing  telephone  company  into 
the  district  in  question. 

In  1919  the  Nebraska  Commission,  in  establishing  a  new 
schedule  of  increased  telephone  rates  for  a  utility  operating 
in  several  communities,  made  an  exception  to  the  general 
rate  increase  in  favor  of  subscribers  connected  with  a  certain 
line,  where  the  evidence  showed  that  the  line  was  in  very 
poor  service  condition. 

The  Arizona  Corporation  Commission  has  ruled  that  in 
considering  the  adequacy  of  telephone  rates  service  is  one 
of  the  principal  features  to  be  borne  in  mind,  the  subscribers 
as  a  rule  being  willing  to  pay  properly  for  service  which 
meets  their  needs  adequately. 

My  own  experience  in  the  service  department  of  the 
Indiana  Commission  has  convinced  me  that  this  is  true.  I 
have  been  told  time  and  again  by  utility  patrons  that  they 
would  not  object  to  paying  an  adequate  rate  if  the  service 
they  received  was  adequate,  but  that  they  objected  stren- 
uously to  paying  adequate  rates  for  inadequate  service. 

•A  paper  presented  before  the  Indiana  Sanitary  and  Water  Sup- 
ply Association,  March  22,  1922. 


The    .Michigan    Public    rtilities    Commission   has   also   laid 
down  the  principle  that   the  quality  of  the  service  rendered 
i,  lepbone  utility  should  be  tor  in  the  determi- 

nation  of    its   rates 

The  Oregon  Public  Service  Commission  in  discussing  the 
relation  of  service  to  rates  said: 

"This  commission  naturally  concedes  the  relevancy  and 
Importance  of  a  financial  showing,  but  certainly  not  to  the 
exclusion  from  our  consideration  of  the  general  service  con- 
ditions, and  other  circumstances  Burroundlng  the  case,  and 
in  this  order  we  must,  in  fairness  and  equity  to  the  company's 
patrons,  emphatically  reaffirm  that  the  adequacy  of  the 
service  bears  a  direct  and  important  relationship  to  the 
reasonableness  of  the  rate." 

The  Missouri  Public  Service  Commission  has  enunciated 
the  same  doctrine,  using  in  one  case  the  following  language: 

"The  subscribers  should  not  be  required  to  pay  for  the 
service  more  than  it  is  reasonably  worth.  The  extent  or 
quantity  as  well  as  quality  of  service  must  be  considered 
together  in  their  relation  to  each  other,  because  it  is  apparent 
in  the  record  of  this  case,  that  the  quality  of  the  service  has 
been  affected  by  the  extent  or  scope  of  the  service." 

In  a  case  which  directly  concerned  water  rates  the  Missouri 
Commission  said: 

"It  is  the  duty  of  the  company  to  make  whatever  additions 
and  alterations  are  necessary  to  provide  not  only  for  the 
domestic  consumption,  but  as  well  for  fire  service  by  direct 
pressure,  and  when  the  company  is  prepared  to  discharge 
this  duty,  and  not  until  then,  it  may  properly  claim  such 
rates  as  may  be  necessary  to  provide  for  a  net  return  on  the 
investment  used  and  useful  in  the  public  interest. 

"The  water  company  is  not  rendering  such  reasonable  fire 
service  as  the  city  is  entitled  to  receive;  the  granting  of 
rates  which  will  produce  a  fair  return  on  the  investment 
used  and  useful  in  the  service  of  the  public  is  predicated 
upon  the  furnishing  of  reasonably  satisfactory  service,  and 
until  the  company  is  prepared  to  furnish  such  service,  it  is 
not  entitled  to  an  increase  in  rates  and  charges  for  water 
service." 

Rulings  by  the  Indiana  Commission. — The  principle  that 
the  character  of  service  rendered  by  a  utility  should  be 
taken  into  consideration  as  an  element  in  rate-making  has 
been  discussed  in  various  cases  by  the  Public  Service  Com- 
mission of  Indiana. 

In  its  Cause  No.  5107,  which  arose  upon  the  petition  of  a 
water  utility  for  increased  rates,  the  commission  used  the 
following  language: 

"The  commission  is  of  the  opinion  that  while  petitioner 
is  entitled  to  increases  in  its  water  rates,  the  patrons  are 
entitled  to  better  service.  The  commission  will  authorize 
certain  increases  in  water  rates,  with  a  distinct  understand- 
ing that  service  conditions  must  be  improved  in  the  imme- 
diate future.  If  petitioner  fails  in  its  duty  to  its  consumers, 
the  commission  will  entertain  a  petition  to  reconsider  its 
present  findings  and  reserves  the  right  to  initiate  proceedings 
to  annul  the  water  rates  herein  authorized." 

In  its  Cause  No.  6229  the  commission  on  the  petition  of 
certain  consumers  reduced  rates  because  of  inadequate  serv- 
ice. Omitting  the  name  of  the  city  and  the  utility,  the 
commission  in  that  cause  said: 

"If  the  gas  service  at was  adequate,  the  com- 
mission would  have  no  choice,  under  the  law,  but  to  deny 
this  petition  and  continue  in  effect  the  present  rates. 

"Section  7  of  the  Public  Service  Commission  Act  provides: 
'Every  public  utility  is  required  to  furnish  reasonably  ade- 
quate service  and  facilities.  The  charge  made  by  any  public 
utility  for  any  service  rendered  or  to  be  rendered,  either 
directly  or  in  connection  therewith,  shall  be  reasonable  and 
just,  and  every  unjust  or  unreasonable  charge  for  such 
service  is  prohibited  and  declared  unlawful.'  A  public  utility 
is  entitled  to  earn  its  proper  operating  expenses,  including 
taxes  and  depreciation  and  a  reasonable  return  on  the  fair 
value  of  its  property,  if  it  furnishes  reasonably  adequate 
service.   The  evidence  in  this  case  shows,  and  at  the  hearing 

respondents   admitted,   that   the    gas    service    in   is 

inadequate.  Petitioners  submitted  the  testimony  of  a  large 
number  of  witnesses  whose  residences  were  distributed  over 
the  city,  so  that  practically  every  section  of  the  city  was 
represented  *  *  *  the  company  frankly  conceded  that  its 
service  was  not  adequate  and  admitted  the  correctness  of 
the  complaints  of  the  witnesses  who  did  testify.  The  evi- 
dence  does   indicate   beyond    a    doubt   that   the   gas    service 
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I  ontracting  '/  vy    10,    in::'. 


been    Inadequate   fi  "'  •ll"1 

perhaps                   '  years,  and  that  II  I         ■•■   Inadequate." 

pan]  ha     ■  mi  • i 

it  purchased  iii<'  plant  .  •  ' ■■'  entered 


•  itorj  knowing  that  the  la?   n 

- .  it  has  on  it-  o* •  amed  the 

burden  and  responslbllil  

b  the  requires  ■  ni  !i  I  "   has 

den  of  tarnishing  adi  equipment   and 

>pi  rlj    Installed.    It  ha  e  burden  of 

tarnishing  competent  and  efflclent  management    Tl 

of  tin-  utility  have  ii"  reason  01   right   ti    expect   that  they 
permitted  to  earn  a  el  ui  a  on  the 

vain.  property  at  ,  unless  and  until  they 

do  their  dutj    to   the   public  and   rural 

•   •    consumers   ba\  e   a    i  ght    to  expi 
demand." 
In  ft  5286,  which  arose  upon  I   ■    petition  of  a 

fOl     an     im  the     Indiana 

Commission  employed  the  following   langu 
••Tl  ■  ision  believes  thai  the  t<  rm  'adequate  sen  Ice' 

ii  .1  mere  mechanii        ■  I  he  ability  In  case 

one  utility,  quickly  and  i  obtain  the 

number  called,    it  Includes  also  9  pro]  on  the  part 

of  the  utility  towards  the  public.  The  commission  believes 
that  s  utility  Intrenched  behind  a  bad  financial  showing 
cannot  demand  increased  rates  as  a  matter  of  right,  regard- 
less of  its  service  to  the  public  and  II  relations  with,  the 
public.  •  *  *  The  commission  believes  that  rates  should 
not  1"  '       i  '"   ■  ■    IB  n  onably  adequate — 

tly     by    increased    mechanical    i  ad     indirectl) 

by  a   better  attitude   toward    the   public." 

im  the  foregoing  excerpts  from  decisions  oi  the  Indiana 
Isslon    it    will    be    noted    that    that    commission    fully 
endorses  the  view  thai  the  charactei   ol  indered  by 

a  utility  should  be  taken  into  I  D   as  an   important 

■  In  i  onstructing  rates. 
The     Author's     Observations. — Indeed     it     is     difficult     to 
conceive    of   a    proper   rate   structure    whicb    does    not    take 
Into  consideration  the  character  of  t:  Iven     I  have 

heard  counsel  for  utilities  contend  that  service  is  not  an 
element  in  rate-making,  but  it  strikes  me  that  this  contention 
pable  of  being  reduced  to  an  absurdity  Let  us  assume. 
for  example,  that  there  are  two  cities  or  towns  of  pre.  i  elj 
the  same  population,  topography,  area,  climate  and  abundance 
of  water  supply,  in  city  "A"  a  water  company  is  operating 
and  the  value  of  its  plant  is  $100,000.  In  city  "B"  another 
company  is  operating  and  the  value  of  its  plant  is  also  $100.- 
000.  Operating  expenses  are  practically  identical  but  In  "A" 
the  water  service  is  inadequate,  frequent  breakdowns  occur- 
ring due  to  carelessness  and  Inefficiency  ;  domestic  and  fire 
d  ■  ••■  not  idequate  in  "l!."  on  the  contrary, 
the  s.  ■  ■  ellent  and  adequate  pressure  is  maintained 

at  all  times.    Would  it  not  be  an  absurdity  to  cause  the  water 
consumers  in  "A"  to  pay  for  their  inaedquate  service  as  high 
ter  consumers  in  "B"  pay  for  their  splendid 
service?  To  make  the  same  rate  in  both  of  these  cities  would 
pn  ri,  nun  on  negligence  and  and   to 

a  miters  who  must  pay  an  adequate  rate  for 
inadequate  service. 

nurse,  no  two  cities  are  Identical  in  size  and  conditli  us 
but  they  vary  in  degree  only  and  what   is  true  in  the   hypo- 
■  ase   is   true   in   reality. 

reasoning     Is     only     applicable     where     a 
monopoly   exists      In   cities  and   towns  where   there  an 

tition  will  take  care  of  differences   in 

the   Utility   whose  service   is   bad   will    soon    find 

that  ;  .ve  gone  over  to  its  competitor.    This 

ml    the  only   advantage  that    I   can  think   of  that  can 

from  a  competitive  and  that   Is 

d  taking 
'  adequacy  ,.t  t!  •  eratlon  as 

an  im 

To  permit  a  utility  to  lower  Its  standard  ol   service  is  to 

perm;'  te  Is  fixed 

:  ol    lervice  ■  adard  is 

red   there  results  an  in   increase 

in  rat.  tlllty   Is  giving 

.t   the  time  that  the  rati 

It  seems,  too,  thai   a     ound   pnblli    pollcj     vould 

t  the  characi  should 
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DSideration    In     fixing    rates    because    there 

should  be  a  premium  on  rood  Bervlce,  or  to  state  the  matter 
Inversely,  there  should  be  a  penalty  for  poor  service. 

Conclusions. — Let  me  in  conclusion  deviate  for  a  few 
moments  to  Bpeak  of  public  relations  as  an  element  of  serv- 
ice.   In  one  of  the  decisions  of  the  Indiana  Commission  quoted 

In   this   paper,   unsatisfactory    publli    relations   were  coupled 

with  inadequate  service  as  mound:-  lor  refusing  an  increase 
in  rates,  m>  observation,  and  such  little  experience  as  I 
have    had.    .  oti\  inc,      nie    thai     no    Bervlce,    however    adequate 

from  b  met  hanlcal  or  technical  standpoint,  can  be  acceptable 

ami  to  the  puhii  ale  -   the   relations 

a    the    public  and  the  utility    are   such   that  there  is 

courti     ■    and    lorhearance  on   th te    hand,   and   confidence 

irl.i  unie  on  the  other.  Most  utilities  are  corporations 
and  mo  i  Ol  them  have  a  monopoly  within  their  territory. 
The  public,  because  of  an  Indiscriminate  damning  of  corpora- 
tions and  monopolies  generally  by  a  certain  type  of  public 
speaker,  and  a  particular  specie-  of  periodical,  have  come 
to  look  askance  upon  any  organization  to  which  those  two 
t.rnis  can  be  applied.  It  is  yours  to  remove  this  false  im- 
pression; to  show  by  practical  demonstration  that  a  pn 
regulated  monopoly  is  the  ideal  duation  in  the  utility  field 
and  that  a  corporation  can  be  as  courteous  and  as  conciliatory 
as  an  individual.  Friendly  relations  between  the  public  and 
the  utilities  are  for  these  reasons  as  greatly  to  he  desiied 
as  the  giving  of  superlative  si  i  I  the  Public  Service 

Commission  in  the  administration  of  its  duties  can  aid  in  the 
slightest  toward  bringing  about  such  proper  public  relations, 
its  work  in  that  respect  will  do  more  toward  solving  present 
day  utility  problems  than  any  other  work  to  which  it  can 
set  its  hands 

•ITATIONS  QUOTi         I  THIS    ARTICLE 

I'.    IT.     IC.     i\C< 

P.  U.    Ii.   1320.   IS-KTc,   l, Ml.  i 
P.  U.  R.  1920,  B-604   (Mis 
P.  U.  R.  1920,  A-95     (Nebraska) 
P.  U.  R.   1920,  B-199  (Or,  | 
P.  U.  R.  1916,  B-142  (Wisconsin!. 

The    Indiana   cases   quoted    froi  Bed    by 

..i.ise  number. 

Civil  Service  Examination 

The'  United  States  Civil  Service  Commission  announces  an 
open  competitive  examination  for  lahoratorian  on  June  21 
and  22  and  Aug.  9  and  10,  1922.  Vacancies  in  the  Federal 
classified  service  throughout  the  United  States,  including 
the  Departmental  Service,  Washington,  D.  C,  at  $1,200  to 
$1,500  a  year,  or  higher  or  lower  salaries,  will  be  filled  from 
this  examination,  unless  it  is  found  in  the  interest  of  the 
service  to  fill  any  vacancy  by  reinstatement,  transfer,  or 
promotion. 

The  duties  of  appointees  will  be  to  assist  in  physical  and 
chemical  laboratories,  prepare  solutions,  set  up  chemical  and 
physical  apparatus,  make  repairs,  and  conduct  experimental 
work,  assist  In  making  physical  tests,  heat  treatment,  and 
metallographic  examination  of  metals;  determination  of 
transformation  temperatures;  calibration  of  instruments, 
such  as  pyrometers;  calculation  and  plotting  of  results  of 
tests;  making  sketches  and  drawings  of  apparatus. 

Competitors  will  be  rated  on  the  following  subjects,  which 
will  have  the  relative  weights  indicated: 

Weights. 

1.  Mathematics  .through  trigonometry!    

2.  Elementary   physics    IE 

3.  Optional  i  ubjc  i  l         

•1.     Education,  training  and  experience   40 

Total    100 

The  optional  subjects  are:  1  chemistry;  2.  Physics;  3. 
Elementary  (engineering;  and  applications  must  state  In 
which  of  these  the  applicant  wishes  to  be  examined. 

Large  Increase  in  Iron  and  Steel  Production  in  March. — 
Because  of  it-  fundamental  character  the  iron  and  steel  in- 
dustry is  very  often  regarded  as  the  barometer  of  business 
condition  The  production  of  both  pig  iron  and  steel  ingots 
has  been  on  the  increase  since  last  July,  but  an  advance  of 

from   25  to  30   per  cent   in   Mai         pared    to   February, 

marks  by  far  the  largest  inc.,  B  i  for  m>  sincle  month. 
Pig-iron  production  of  L\n:!.r>.ii0i>  tons  Is  over  600,000  greater 
than  either  the  output  of  the  moi  th  before  or  in  March  last 
This  production  figure  ha  noi  been  equaled  since 
January,  1921,  The  prices  of  ir.,n  and  steel  during  March 
showed  little  change  from  February,  but  this  is  the  first 
month  for  a  lone  time  that  the  i  prices  have  not  shown  a 
decided  drop, 

12) 


neering  and  Contracting    foi    May   10,    1922. 
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Hydro-Electric    Installations    of    Barcelona 
Traction,   Light  and  Power  Co. 

By   HORACE  FIELD  PARSHAXL. 

•  i    .i   paper  read   tVb    '■    before   Institution   of  <'ivil   En- 
■  rs.   London. 

The  more  important  Installations  are  situated  on  the  Pal- 
laresa River  at  Talarn  and  Tremp,  at  Camarasa,  and  at  Seros 
on  the  River  Segre,  a  hraneh  ot  the  River  Ebro.  The  dam  at 
Talarn.  like  the  Camarasa  dam,  is  built  on  the  gravity  prin- 
ciple, so  that  the  unbalanced  vertical  weight  component  on 
the  upstream  face  of  the  dam  is  equal  to  the  hydrostatic 
pressure.  It  is  262  ft.  long  at  the  base,  670  ft.  long  at  the 
crest.  209  ft.  high  from  the  main  floor  to  the  crest,  and  ap- 
proximately 328  ft.  from  the  bottom  cut-off  wall  to  th< 
and  it  impounds  about  7,760  million  cu.  ft.  of  water. 

The  Tremp  power  house,  which  derives  its  power  from  the 
Talarn  dam,  is  equipped  with  four  7.000  kw.  horizontal  type 
turbo  generators,  one  turbine  at  each  end  of  the  generator. 
The  average  aunual  flow  of  the  River  Pallaresa  over  a  period 
of  years  is  about  49,100  cu.  ft.,  and  the  output  of  this  power 
house  in  normal  years  is  about  110  million  kw.  hr.  At  high 
water  level  the  working  head  is  249  ft.,  and  at  lowest  level 
it  is  118  ft.  The  latter  condition,  however,  has  not  arisen, 
the  turbines  being  invariably  worked  at  the  higher  levels. 
The  general  results  for  the  year  1917  show  an  over-all  effi- 
ciency of  about  72  per  cent,  or  a  water  consumption  of  259 
cu.  ft.  per  kw.  hr.,  with  a  head  of  196  to  229  ft.  The  water 
utilized  in  an  average  year  at  this  power  house  is  2G.59"  mil- 
lion cu.  ft.  The  cost  of  the  Talarn  and  Tremp  installation 
was  £1,826,700.  The  installations  at  Aytona,  or  Seros.  on 
the  River  Segre.  of  which  the  rivers  Pallaresa  and  Ribagor- 
zana  are  tributaries,  was  the  first  constructed.  The  water  is 
taken  to  the  power  house  by  a  canal  12  miles  in  length,  while 
the  diversion  dam  is  at  Lerida.  The  power  house  is  designed 
to  accommodate  five  vertical  type  generating  units  of  8.000 
kw.  (four  of  which  have  been  installed),  and  is  designed  to 
work  with  160  ft.  head,  the  output  being  in  an  average  year 
130  million  kw.  hr.  The  cost  of  this  installation  is  approxi- 
mately   £1.852.200. 

The  most  important  and  more  recent  installation  described 
in  the  paper  is  that  at  Casmarasa,  sometimes  called  the 
"Confluence."  The  dam  at  Camarasa  is  about  105  ft.  long  at 
the  base,  492  ft.  long  at  the  crest,  and  318  ft.. high  from  the 
bottom  of  the  cut-off  wall  to  the  footway.  It  is  246  ft  thick 
at  the  base,  and  contains  280.000  cu.  yd.  of  concrete.  A  con- 
siderable proportion  of  rock  (plums)  was  used  in  the  dam, 
the  weight  of  an  average  plum  being  1.18  tons.  The  spill- 
way was  first  designed  to  be  an  open  canal,  but  subsequent 
investigation  showed  it  could  be  more  economically  con- 
structed. It  was  designed  under  Government  requirements. 
to  discharge  70.600  cu.  ft.  of  water  per  second.  The  water  is 
taken  to  the  power  house  through  a  tunnel  cut  through  the 
rock  and  lined  with  cement.  This  tunnel  is  750  sq.  ft.  in 
cross-section.  738  ft.  in  length  and  has  a  fall  of  8.8  ft.,  the 
fall  being  calculated  on  the  basis  that  the  power  plant  might 
be  worked  at  full  capacity  when  the  reservoir  has  been 
drawn  down  to  a  level  of  370  ft.,  corresponding  with  an 
effective  storage  of  approximately  1.412  million  cu.  ft.  of 
water.  Very  liberal  use  was  made  of  sand  cement  for  the 
Camarasa  dam.  since  tests  indicated  that  this  material  gave 
an  ample  factor  of  safety.  The  power  house  at  Camarasa. 
which  is  built  of  reinforced  concrete,  is  designed  to  accommo- 
date five  generating  units  of  12,500  kw.  each,  two  of  which 
have  been  installed.  The  capacity  of  this  power  house  com- 
pleted will  be  1^2  million  kw.  hr.,  and  it  is  designed  to  utilize 
the  12  hr.  discharge  at  Tremp  in  f.  hr.,  should  tin  demand  for 
power  so  require.  The  cost  of  the  Camarasa  installation,  with 
two  units  installed,  is  approximately  £1,370,776.  With  five 
units  installed  the  cost  will  be  increased  by  £375.00".  and 
the  capital  cost  per  kw.  will  be  £27.9.  The  combined  output 
of  the  Tremp.  Camarasa,  and  Seros  installations  is  approxi- 
mately 430  million  kw.  hr.,  and  the  nominal  horse  power  is 
150,000.  The  storage  capacity  of  the  reservoirs  is  such  that 
90  million  kw.  hr.  can  be  contributed  to  the  combined  output 
of  Tremp.  Camarasa.  and  Seros.  Results  obtained  from 
phase-compensation  by  means  of  synchronous  condensers  are 
shown  in  tabular  form.  This  gives  the  losses  before  the  after 
phase-compensation,  and  shows  a  gross  saving  of  24,450,000 
kw.  hr.  per  annum,  and  a  net  saving,  after  deducting  the 
losses,  in  the  condensers  and  distribution,  of  18,950.000  kw.  hr. 
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derived  from  the  saving  in  energy 
effected  augments  the  possible  net  income  i>\  l'mi.ihiu  per 
annum.     Preliminary    calculations   showed  that,  by   the  use 

of  synchronous  condensers,  the  power  factor  could  he  in- 
creased in  the  ratio  of  1  to  1.3,  and  the  terminal  voltages  in- 
creased in  the  ratio  of  1  to  1.2.  All  predicted  advantages 
have  been  fully  realized  in  practice.  The  first  transmission 
lines  were  equipped  with  pin  type  insulators  with  four  petti-' 
coats,  but  these  gave  a  great  deal  of  trouble  and  were  unable 
to  withstand  the  stress  of  storms.  The  line  from  Seros  to 
Barcelona,  which  was  constructed  under  the  author's  direc- 
tion, is  equipped  with  suspension  insulators,  seven  in  series, 
and  has  stranded  conductors  of  250,000  cir.  mils  section.  The 
line  from  Camarasa  to  Igualada  has  been  reconstructed  in 
order  to  use  the  suspension  type  of  insulator,  and  it  is 
equipped  with  six  in  series,  of  the  Hewlett  type.  The  stand- 
ards are  designed  for  straight  runs  with  average  spans  of 
660  ft.  They  are  equipped  with  two  lightning  guard  wires 
of  %  in.  diameter,  and  are  designed  to  withstand  a  wind 
pressure  due  to  a  velocity  of  100  miles  per  hour  with  %  in. 
of  sleet  on  wires,  the  towers  to  remain  stable  with  two  wires 
broken. 


State  Reciprocity  for  Licensed 
Engineers 

What  Is  Being  Done  to  Secure  Reciprocal  Registra- 
tion, Outlined  in  Paper  Presented  at  A.  A.  E. 
Conference  of  Practicing  Engineers 

By   C.   S.  HAMMATT, 

Secretary  Florida  State  Board  of  Examiners  an  National 

Council  of  State  Boards  of  Engineering  Examiners. 

State  reciprocity  for  the  practicing  engineers  with  licensing 
does  not  exist  at  the  present  time,  although  the  various 
states  in  passing  their  registration  laws  have  aimed  to  pro- 
vide for  it.  Every  state  has  legislated  differently  in  the 
matter  of  registration,  yet  they  assert  that  reciprocity  for 
engineers  is  to  be  effective  providing  the  standard  is  not 
lower  in  the  other  states  than  those  specified  in  their  acts. 
Such  a  provision  is  not  practically  in  force,  even  in  those 
ten  states  which  have  become  members  of  the  National 
Council  of  State  Boards  of  Engineering  Examiners,  although 
they  aim  to  make  it  effective,  and  such  a  condition  cannot 
exist,  in  point  of  fact,  until  such  time  as  the  Council  of  the 
State  Boards  of  Engineering  Examiners  can  agree  upon  a 
uniform  standard  of  requirements,  which  as  yet  has  not  been 
done.  After  such  standard  has  been  agreed  upon  those  states 
which  adopt  that  standard  for  "Reciprocal  Registration"  by 
resolution  of  their  boards  may  reap  the  benefit  of  the  in- 
tention of  the  laws.  We  will  then  have  two  classifications 
of  registered  engineers:  Those  who  practice  within  their 
own  states  and  those  who  can  practice  in  any  state,  upon 
paying  the  fee  and  filing  their  papers.  This  may  be  accom- 
plished, without  changing  the  law  of  any  of  the  states, 
through  the  Council  of  State  Boards  of  Engineering 
Examiners. 

Reciprocity  between  the  states  covering  the  practice  of 
registering  professional  engineers  is  interpreted  as  "equal 
mutual  rights  granted  and  enjoyed"  according  to  the  defi- 
nition of  the  word,  which  was  officially  coined  in  1782  in 
the  Provisional  Treaty  between  England  and  the  United 
States,  the  paternity  of  the  word  lying  between  Blackstone 
and  Lord  Shelbourne.  Inasmuch  as  all  the  states  have  dif- 
ferent laws,  it  is  somewhat  difficult  to  see  how  the  several 
state  boards  of  engineering  examiners  can  function  this 
clause  for  reciprocity  without  some  change  in  the  laws  upon 
a  uniform  basis,  or  by  an  interpretation  guided  by  a  standard 
agreed  to  by  the  several  boards. 

The  problems  thus  confronting  the  boards  resulted  in  the 
organization  of  the  council  of  state  boards  of  engineering 
examiners,  in  the  hope  that  this  central  or  national  council 
would  be  able  to  unify  a  procedure  that  would  accomplish  the 
aim  of  the  several  laws  which  provide  for  reciprocal  relation, 
which  is  "mutual,  interchangeable,  convertible  qualification," 
such  that  one  may  be  accepted  as  the  equivalent  of  the 
other  in  the  different  states. 

It  will  be  readily  appreciated  as  a  hopeless  task  to  accom- 
plish the  passing  of  a  uniform  code  by  the  several  state 
legislatures,  but  as  the  standard  of  requirement  for  regis- 
13) 
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t rat i. hi  ;s  left  hugely    to  111.'  discretion  -.ral  boards, 

it  woi  to  unite 

upon  a  common  level  ami  t» r« »\  i.i. ■  :•■  i  that  would 

all    for    tii.-    re<  • 

Insofar,  i.  parlous    itati  tor  reg- 

mal   engineers   with   le       luallflcation   than 
that  which  might  be  prescribed  bj  tl 

could    issue   their  certificate  with   their    laws 

without  approval  ol  ret  i;  i 

in  the  pa  on  law  the 

tures   have    been   compelled      i    provide   i"i    the 
'war.  andfather"    clause,    together    with    various 

qualifications  and  requirements  which  maj   In  large  measure 

apply    to   th>  ir   Btate   Jurisdiction   and    I  lerel would    not 

me   Incumbent    upon  another  -tat.       II    follows  that  a 
qualification    for   reciprocal    registration    that    would    be    ac 

;    by    all    the    Btatea    must    ol    D tty    start    off    with    a 

standard  as  high  a-  that  prescribed  bj   the  most  exacting  ol 

all  the  laws,  ami  it   should  I"-     111  mid  command  the 

I  an.:  approval  of  all  skilled  and  educated  men  in  the 

-ion      T,.   bring    this    about    appears    to    be    an    easj 

matter,  through  the  Council  of  state  Boards  of  Engineering 

lie    council    is   composed   ol    ■>    representative 

from  t  board      nd  I  uniform 

which,   if  agreed   to   by   the    variou     state    hoards   by 

resolution,  eat:   ! ime  operative  h>    the  attachment   to  cer 

tlficates   issued    i.\    the   -tat..    I.,.,  i,i>   of   an   additional 
bearing  the  words,   "Reciprocal    Registration,"  tor   such   en- 
worthy  oi  recognition  by  other  states  under 
■  tndard  qualifications. 
This  will  nowise  conflict  with  the  local  state  laws,  but  will 
be  an  additional  functioning  on  the  pan    .:  the  hoards,  where- 
by tin  ill  other  states  the  assurance  of  the  worthi- 
ognltion    wherever   the   certificates    may    be   pre- 
sented.      This     additional     seal     should     !»■     attached     to     all 

certificates  or  renewal  certificates  of  those  who  are  qualified 
under  the  uniform  code,  and  all  certificates  not  bearing  this 

seal  would  1 ne-  qualifying  only   m  the  state  issuing  same. 

board,  upon  request,   would  then   issue  to  such 

•    applicant   may   desire  nt    certifying 

under  seal   that   the  engineer  in  question   had   been  issued  a 

ment  could  then  be  filed 
with  aeer's    application    foi  on    upon    the 

id  it  ite  filling  i.!  ill  data  n  quired,  to- 
gether with  the  fee.  and  not  requiring  the  personal  appear- 
ance of  the  apple  The  state  board 
applied  to  would  then  issue  a  certificate  without  further 
delay  or  process. 

While  some  states  require  but  two.  four  or  six  years'  ex- 
perience, others  exact    ten   years      The   uniform  code 
call    for   the    maximum    time    exacted    by    any    of    the    states 
ami    should    commence   the   calculation   of   that    period    with 
above   those    of   apprenticeship,    foremanship    or    in- 
spector, and  with  those  of  civil  engineer,  whose  expei 
Is  not  less  than  that  of  actual   Instrumentman,  utile 
dutiet  n  to  be  of  a   very    responsible  character. 

rk  performed,  under  what  authority   . 
for  whom  and  when,  in  the  statement   ol   experience  should 
tlnixed  and  only   jui  h   credit   given    ! 

-    would    be,    beyond    question,    fully 
qualifying,  thus  providing   requirement*   ol    sufficiently  high 
character  and   reliability   that   no  question   migl 
as  to  the   Integrity    of  the  statement      it    would   seem   that 
the  operation  under  this  provision  would  le.  verj    simple  and 

■ii. m    was    full 
could   qualify  only   under  a   lower   classification    would    still 
practi  heir   own    state,    if    complying    with    their 

home  1 
The  of  thi    registratioi  tered   en- 

. ■ .       proved    a    great 

11  as  a   prol.-i  Mom   for   tl,,.   pub] 
but    little    doubt    that    . 

will  eventually  adopt  a  law  ,  ■  „,. 

The  National  Council  ,„,.  kx. 

I    will   no   doubt    provide    tor   some 
wherebj    the    .  u  lou       tate 
■I   each   othei    and    I     ue   i  erl 
I 

pproval 
"I,    i     nifoi  ■  •,     tandard. 
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The  Academic  Mind. 
Bj  p.  h  Mcdonald, 

Engineei  Ing    New 
University. 

Many   examples    ol    the    academic    mind    are    met   outside 

universities.     Clergymen,    publicists,    statesmen,    engineers, 

journalists— all    are    liable    to    think    in    tie-    systematic    hut 

■    narrow    manner   thai     ...  demiC      The    United 

states   is   said   to   have  more   ..t    the   excessively  academic 

spirit   than,  Bay,  England;    tl     1 15    Influences  our  social 

customs,  our  culture,  our  literary  criticism,  and  even  our 
laws.  Perhaps  the  large  proportion  Ol  it  in  America  is  a 
reaction  from  our  other  BXtrei  practicality;    Amer- 

n  alls  tend   toward   6Xl  I 

The   president    of   the    University    of    Michigan    in   a   recent 
explained  that  student!  coming  in  college  are  puzzled 

by  the  presence  upon  the  campus  of  the  academic  mind 
For  such  a  mind  is  a  puzzling  and  curious  phenomenon.  In 
many  respects  it  is  restricted  and  difficult,  but  11  po 
virtues  that  have  had.  and  still  are  having,  profoundly  bene- 
ficial effects  upon  history,  for  insiance.  W'oodrow  Wilson's 
is   a   modified    type   Ol    academic    mind:    he    was    able   to   think 

historically  and  plan  in  a  deta  d  waj  because  ol 
demic  training.  Kamon  de  Valera,  a  typical  example  Of  the 
imic  mind,  successfully  led  hot-headed,  diverse  thinking 
Irish  rebels  through  several  years  of  difficult  undertakings 
when  a  l.'ss  steadfast  or  less  dignified  leader  would  have 
spoiled  the  show  a  dozen  timi 

II.  (!.  Wells,  as  might  be  expected,  litis  little  use  for  the 
academic  mind.  He  describes  the  appearance  of  the  type 
at  the  Alexandrian  Museum  in  the  tu  - 1  centuries  of  the  chris- 
tian era.  in  Weils'  penetrating  voids,  it  was  "a  specialized 
queer  class  with  unpleasant  characteristics  shy.  eccentric 
unpractical,  incapable  of  essentials,  strangely  fierce  upon 
trivialities  of  literary  detail,  as  bitterly  jealous  of  the  col- 
league within  as  of  the  unlearned  without,  the  bent  scholarly 
man."  And  Wells  continues:  "lie  was  as  intolerant  as  a 
priest,  though  he  had  no  altar;  as  obscurantist  as  a  ma 
though  he  had  no  cave." 

Though  Wells'  criticism  is  more  or  less  true,  it  is  necessary 
to  take  the  bad  with  the  good.  Human  nature  of  any  pro- 
nounced type  exhibits  the  defects  of  its  virtues.  However, 
the  academic  mind  did  not  originate  at  the  Alexandria  Mu- 
seum (which  was,  by  the  way,  the  world's  first  college  of 
science,  where  studied  Euclid,  Archimedes,  Galen,  Ptolemy, 
and  many  other  famous  men).  Egypt  had  been  producing 
academic  minds  for  thousands  of  Mars  in  its  hierarchy  of 
priests.  Athens  had  produced  the  type  before  Alexandria 
was  founded.  One  of  the  best  examples  of  the  academic 
mind  was  the  great  Aristotle  himself,  "the  master  ol 

w  ho  know  ." 

Aristolle  was  the  professor  de  luxe.  He  methodized  and 
subdivided,  and  theorized  and  dogmatized,  to  a  degree  that 
perhaps  has  never  been  equaled     With  the  patronage  of  his 

former  pupil.  Alexander  the  Great,  lie  collected  specimen- 
anil  information   from  diverse  sources  ami  founded  zoology; 

he   wrote  on   animals,   on   phy  -  physics,  on   astron- 

omy,   on    ethics,    on    politics,    on    rhetoric,    and    on    poet] 
proof  of  his  dogmatic  style  i,,.;,    the   following  quotation  from 
his    writings:      "The    flesh    of   all    quadrupeds    which    1. 
marshy   grounds   is   inferior  to   thai    ol    those    which    live   on 
high  ground.     Sheep  with   wid.    tails  endure  the  winter  better 
than  those  with  long  tails,  and     ;  or!  wooled  sheep  betti 
long-WOOled,  and    those   with   curly    hair   are   more  affected   by 
'le      cold.     .     .     .     For    the    bird-,     with    crooked    claws,    gen- 
erally speaking,  as  it  was  befor    remarked,  do  not  drink." 

totle  declared  that  "thre.  0  t  perfect  number 

ise  "it   is  the  ftrsl  of  numbers,   for  of  'one'   we  do  not 

peak  as  a  number,  of  two'  we  say  'both,'  'three'  is  the 
first  number  of  which  we  say  all.'"  Incidentally  the  qUSS- 
tion   whether  "one"  is  a    number    11    not    was   debated    long   and 

Btrenuousl]   bj   the  academlc-min  ed  ol   past  centuries. 

The  academic  1 d,  then,  is  d  igmatlc,  abstruse  and  Jealous 

over  trifles;   but   it   is  a!  1  aatic  and  historically 

poised.      I'ossibly     the    world    would    benefit    1 .•    from    thi 

universities  if  the  professors  would  develop  a  Bense  of  pro- 
portion and  learn  to  express  their  ideas  in  more  intelligible 
ami  attractive  form.  But  as  1  distinguished  president  of 
Amherst  College  ba  pointed  out,  the  world  is  indebted  tre- 
mendously  to  the  Bocleties   ol    tcholars   who   live  somewhat 

apart    Irom    the    biillv  bnrh     of    markets    and    shops;    and    00 
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Innumerable  occasions   the  academic   mind   has   supplied   ex- 
actly the  quality  needed  for  Important  results. 


The    Computation    of    the    Practicing    Engineers' 
Income  Tax 

The  computation  of  the  Federal  Income  Tax  « > f  anyone  BO 
fortunate  as  to  have  an  income  large  enough  to  tax.  is  at 
best  a  somewhat  complicated   mathematical   problem    which 

usually  taxes  one's  abilltj  to  Bgure  as  well  as  one's  income. 
In  the  case  of  the  practicing  engineer,  the  problem  is  further 
complicated  by  the  provision  of  the  law  which  exempt 
taxation  "Compensation  paid  by  State  or  political  subdi- 
visions thereof  to  its  officers  or  employees."  Some  Inter- 
g  points  on  this  particular  feature  were  brought  out 
by  Mr  Clarence  W.  Hubbell,  Citj  Engineer  of  Detroit,  Mich., 
in  a  paper  presented  Feb,  22  at  the  American  Association  ol 
Engineers'  Conference  of  Practicing  Engineers  We  quote 
from  the  paper  as  follows: 

\  considerable  proportion  of  the  work  done  by  the  prac- 
ticing engineer  is  in  connection  with  municipal  Improve- 
ments, and  as  municipalities  are  recognized  as  political  sub- 
divisions of  a  state  it  would  seem  that  compensation  received 
for  such  work  would  be  exempt  from  taxation  by  the  exemp- 
for  such  work  would  be  exempt  from  taxature  by  the  exemp- 
tion clause,  above  noted.  The  term  "compensation"  is  broad 
enough  to  include  wages,  salaries,  retaining  fees,  lump  sum 
fees  per  diem,  or  fees  paid  on  a  percentage  basis.  All  of 
the  usual  methods  employed  by  practicing  engineers  in  charg- 
ing for  professional  services,  are  undoubtedly  covered  by  the 
term  "Compensation."  The  term  is  indeed  so  broad  that 
contractors  have  claimed  exemption  on  the  basis  that  "com- 
pensation" paid  them  by  a  state  or  political  subdivision 
thereof  was  not  subject  to  income  tax. 

But  note  that  the  exemption  covers  only  "Compensation 
paid  to  officers  or  employees."  The  whole  question  so  far 
as  engineers  are  concerned,  then  depends  upon  the  deter- 
mination of  his  status  as  an  officer  or  employee,  and  whether 
or  not  his  method  of  charging  for  his  service  determines  that 
status.  In  other  words,  would  an  engineer  receiving  a  salary 
be  an  "employee"  and  the  same  engineer  performing  exactly 
the  same  work  for  a  percentage  fee  be  classed  as  a  "con- 
tractor?" 

In  the  early  days  some  members  of  the  profession  \ipon 
inquiry  were  instructed  that  a  very  broad  interpretation 
would  be  given  to  this  provision  of  the  law,  and  that  fees 
received  by  engineers  from  municipalities  were  not  subject 
to  tax.  The  instructions  have  not  been  uniform  in  the  dif- 
ferent collection  districts  or  even  at  different  times  in  the 
same  district.  Some  engineers  who  have  been  aih 
agents  of  the  Treasury  not  to  include  certain  items  in  their 
returns  have  afterward  been  asked  to  pay  taxes  on  them.  In 
other  cases  money  has  been  returned.  In  fact,  the  rulings 
on  record  are  erratic  and  impossible  to  harmonize.  A  few 
examples  are  here  given: 

Fees  ot  notaries  and  receivers  Xot  taxable 

Fees  of  witnesses  called  by  state  Taxable 

Per  diem  pay  of  county  surveyor Not  taxable 

Consulting:  engineer  (2  y.arsi  state  irrigation   Taxable 

Attorney  fees  for  collecting  state  inhei  itance  tax Not  taxable 

Salary'  (hourly  rate)  consolid  Taxable 

Tests  of  Absorption  of  Hollow  Tile 

The  porosity  of  clay  products  has  an  important  bearing 
on  their  strength  and  fire-resisting  properties  as  well  as  upon 
their  ability  to  withstand  repetitions  of  freezing  and  thawing. 
The  percentage  of  water  absorbed  under  given  conditions 
can  be  taken  as  an  index  of  the  porosity  of  clay  bodies  burnt 
below  vitrification.  Until  recently  building  ordinances  gen- 
erally prescribed  immersion  in  cold  water  for  two  or  three 
days  as  the  method  for  determining  porosity,  but  lately  there 
has  been  a  general  change  to  the  five-hour  boiling  method, 
often  without  a  change  in  the  specified  absorption   limits. 

An  investigation  has  been  conducted  by  the  U.  S.  Bureau 
of  standards  to  determine  the  diffrence  in  results  obtained 
with  various  methods  and  their  effectiveness  in  determining 
the  total  porosity.  Specimens  of  the  different  types  of  clay 
were  successively  immersed  in  water  for  periods  up  to  nine 
days  and  in  boiling  water  for  periods  up  to  five  hours  with 
determination  of  rates  of  absorption.  Similar  determinations 
were  made  under  vacuum  and  finally  the  total  porosity  was 
obtained  by  volume  and  specific  gravity  measurements. 

The  results,  while  varying  considerably   between  different 
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types  of  day,  are  in  general:  ID  Absorption  determined  by 
cold  water  immersion  does  not  approach  near  enough  to  com- 
plete saturation  to  give  practical  and  consistent  results;  (2) 
the  best  practical  method  consists  In  boiling  tor  rive  hours, 
cooling  the  water  and  specimens   to  room  temperature,  and 

allowing  tin  in  to  soak  for  one  hour.     When  about   ss  per  cent 

saturation  is  reached,  the  absorption  thus  determined  is  on 
the  average  1.28  times  that  determined  by  immersion  in  cold 
water  for  12  hours.  (3)  Proper  treatment  under  vacuum  will 
give  nearly  the  full  saturation  and  porosity,  but  the  method 
is  probably  too  complicated  for  use  in  acceptance  tests. 


A  Peculiar  Obstruction  in  Mains.  Three  galvanized  iron 
buckets  brought  Santa  Barbara,  Calif,  up  against  a  water 
famine  for  several  days,  one  reservoir  drying  up  and  another 
almost  reaching  the  exhaustion  point.  Alarmed  over  the 
situation,  city  officials  started  an  investigation  and  after 
carrying  on  pressure  to*t>  located  the  trouble  m  an  eighteen- 
inch  main.  There  they  found  the  three  buckets  which  in 
some  manner  had  gotten  into  the  pipe  and  after  circulating 
about  for  months  lodged  against  a  gate  valve  shutting  off 
the  flow. 

The  buckets  had  been  left  in  a  water  tower  eighteen 
months  ago.  During  the  time  they  were  lodged  against  the 
valve  water  in  the  city's  mains  had  lost  50  per  cent  of  normal 
pressure  and  the  city   was   menaced,   say  officials. 


Daylight  Saving. — Indianapolis  Chapter,  American  Asso- 
ciation of  Engineers,  endorsed  daylight  saving  at  a  meeting 
in  April. 


American    Waterworks     Association 
Convention 

Philadelphia  May  15-19,  1922 

Headquarters  at  Bellevue-Stratford  Hotel. 

Daylight  saving  time  used. 

All  sessions  are  to  be  called  promptly  on  time,  as  this 
is  the  only  way  in  which  the  program  can  be  completed. 

Monday,  May  15. — Morning  session,  improved  group  meet- 
ings for  all  interested. 

1.  Office  Records.   Methods.  Accounts,  etc. 

2.  Pumping  Station,  Engines.  Boilers,  Firing,  etc. 

3.  Filter  Plant,  Operation,  Care,  etc. 

4.  Pipe  Laying,  Methods,  Records,  etc. 

5.  Services  and  Meters.  Material  of  Services,  Laying, 
Meter  Setting,  Reading  and  Care. 

6.  Water  Sheds  and  Reservoirs,  Care.  Algae  Treatment, 
Tree  Planting,  etc. 

7.  Private  Fire  Protection  Services.  Especially  inter-con- 
ini nun  with  polluted  sources  and  the  efficiency  of  dou- 
ble check  valves  on  such  services. 

2:00P.M.     Executive  Committee  and  standing  committees. 
8:00  P.M.     President's  address. 
8:30  P.M.     Reception  and  dance. 

Tuesday,  May  16. — 9:00  A.  M.     Opening  of  convention 
Philadelphia    Water    Supply.    Present     and      Proposed,     by 
George  W.  Fuller. 

Fire  Prevention  and  Fire  Protection   in   Relation   to  Water 
Supply,  by  Frank  C.  Jordan. 
12:00  M.         Election  of  members  of  Nominating  Committee. 
1:30  P.M.     Ladies'   trip   to    Valley    Forge    by   special   con- 
veyance.    Returning,  reach  hotel   by  .",  p.  m. 
2:00P.M.     Development    of    the    Schoharie    Water    Shed, 
Catskill   Water   Supply,   by   J.   Waldo   Smith. 
The   Hetch  Hetchy    Water   Supply,    by    M.    M. 

O'Shaughnessy. 
The  Construction  of  the  Loch  Raven  Dam,  by 

Wm.  A.  Megraw. 
Twenty   Years'    Filtration    Practice   at    Albany, 
N.  Y.,  by  G.  E.  Willcomb. 
8:00  P.M.     Water      Works      Manufacturers'      Association 
Program. 
Moving   pictures    showing   20,000    H.P.    of   high 
steam   pressure  being   discharged   to   atmos- 
phere and  shut  off  in  30  seconds.     Descrip- 
tion by  Peter  Payne  Dean. 
Underground    Leakage     and      Its     Relation    to 

Mains  and  Services,  by  Thomas  F.  Wolfe. 
Pneumatic     Pumping,     Up-to-Date,     by     John 
Oliphant. 
15) 
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Wednesday.     May      17.-9:00     A      V  pedal 

comm 
Standard  Form  of  Contra'  t    bj  J    Waldo  Smith, 

Chairman. 
Standardisation  Conni  W    Puller, 

Chairman, 
Industrial  Waatea  In  Relai    i        Watt  r  Supply, 

by  Almon  A.  Kali's.  Chairman. 
Water    Shed    Pro  Theodore    DeL. 

Coffin,  Chairman 
Problems     in     the     R<  foi    station     of     Water 
Sheds,  bj  <;••,. rg.-  R    Taylor. 

tion  of  Place  for  Holding  the  192::  Con- 
Ion. 
m      Afternoon.     Trip  by  Di  Liver  boat  to 

Wilmington  and  return 
\;     Some  Observations  I  od  Pipe,  by 

.1.  w    Ledoux. 
Report    nf  Committee   on    Standard    Specifica- 
tions   for    Casl    Iron    Pipe    and    Specials,    by 
i'    a    Harbour.  Chairman. 

Experience     with    Cast     Iron     Water     Pipe    for 
Pressures   Higher   than    Mowed   by   Current 
Specifications,  by  C.  E.  Ininan 
trifugally  Cast  Iron  Pipe,  by  Peter  Gillespie. 

For  the   Ladies. — Theater   party.     Tickets   for 
reserved    seats    will    be    distributed    by    the 
chairman     of     the     Ladies'     Entertainment 
Comm 
Thursday.   May  18. — 3:00  A.  M.     Superintendents'  Day. 

Water    Chiorination    Control    in    Virginia,    by 
L.  X.  Enslow. 

Practical  Demonstration  of  Control  Test. 

Report  of  Committee  on  Physical  Standards  tor 
Distribution    Systems,    by    G.    Gale    Dixon, 
Chairman. 
Air  and  Relief  Valves,  by  M.  M.  Borden. 

Instances  of  the  Value  of  a   Sanitary  Survey, 
by  W.  P.  Mason. 

Causes  of  Failure  of  Cast  Iron  Pipe,  by  F.  A. 
Mclnnes. 

Topical   Discussion  of  Breaks   in   Water  Mains 
and  on  General  Subj. 

Refer   to   list   of   topics    in    circular   to   Super- 
intendents. 
2:00  P.  M.     Equipment  and  Shop  Facilities  for  Maintenance 
of    Water    Works    Systems,    by    George    B. 
Cripps. 

Topical  Discussions. 

Present  Day  Tars  tor  Pipe  Coatings,  by  W.  R. 
Conard. 

Topical    liiscussions 

See  page  14  for  Chemical  and  Bacteriological 
Section   Program. 

Chemical  and  Bat  Section  Separate 

Meeting. 

For  the  Ladies.— Shopping  trips,  visits  to  Inde- 
pendent'  Hall   and   othi  interest 
under    direction    of    1                        tainment 
Committee. 
8:00  P.  M.     Purification  of   Water   for   Industrial   Uses,   by 
i    Powell 

Lime,    Soda    and    Zoelite    Water    Softening,    by 

A    s    Behrman. 
Tubo-Centrifugal  Pumps,  by  Richard  Wall 
[Entertainment     foi     tie-     Ladles.     Card     party 
mezzanine    floor    of    the     H' llevue-Stratford 
Hotel, 
■  M      For  the   Men     Smokei 
Friday,     May     19,    1922.-9:00    A      M      Joinl     Session     with 
tnical  and   Bact  ect  Ion. 

Plant    Control  of  Chiorination    by    the   Excess 
Chlorine  Method  at   Employed  in  Ni 

Water  Sup]  I  ok  E.  Hale, 

ponsiblllty   of    the    Water    Works    Superin- 
i  Odors  Due  to 
c  Orgai  y  Wm.  W.  Brush. 

Further  Notes  on   Chli  it    Grand 

Ida,  by  W.  a.  Sperry. 
Practice  in  1  ft  idors  by 

ii.  Filtration  and  I  Itbei   I 


Norman  .).  How 

Recent  Developments  in  Chiorination,  by  Wm. 
.1   Orchard 

Report  of  Committee  on  Meter  Schedules,  by 
Allen  Hasan,  Chairman. 

Stei  i  Pipe,  bj  Tie, hi.. i e  A    Lelsen. 

Steel  Pipe,  by  Q    A    Elliott 

Design,  Construction  and  Operation  of  a  Bal- 
anee  Reservoir,  bj   Wm.    \.  Megraw, 

Chemical  and  Bacteriological  Section — Sep- 
arate  Meeting 


National    Highway   Traffic    Association   to 
Meet  May  12 

The  1922  annual  meeting  of  the  National  Highway  Traffic 
Association  will  be  held  May  12  in  the  Assembly  Hall  of  the 
Automobile  club  of  America,  247  West  54th  St.,  New  York 
City.  Sessions  will  be  bebi  at  -  00  and  at  8  00  p.  in.,  and 
dinner  will  be  served  In  the  club  rooms  at  6:00. 

In  addition   to  regular  meeting      committee    report 
a  in  be  presented  upon  the  tallowing  subjects: 

Uniform    Highway    Signs. 

Traffic  Capacity  and  Widths  >f  Highways  Outside  of  Mu- 
nicipalities. 

Status  of  the  Construction  ol  Highway  Curves  and  Rec- 
ommended   Practice   to   Increase    Safety   to  Traffic. 

Highway   Improvement  Creed 

The  Railroad  as  an  Operator  oi    Highway  Transport. 

Regulations  Covering  Speeds,  Weights  and  Dimensions  of 
Motor  Trucks  and  Trailers. 

License   Fees   and   Motor  Vehicle   Taxation. 

Highway   Transport   Franchises. 

Highway   Transport  Clearing   Hon 


American  Road  Builders  Meeting,  May  15 

The  annual  meeting  of  the  American  Road  Builders' 
Association  will  be  held  at  The  Automobile  Club  of  America, 
247  West  54th  street.  New  York  City,  on  May  16,  The  program 
is  outlined  as  follows: 

10  a.  m. — Meeting,  board  of  directors. 
3  p.  m. — Meeting  of  the  members  of  the  association. 
Reports  of  officers. 
Discussions. 
6  p.  m. — Recess. 

6:30  p.  m. — Annual  "get-together"  dinner  in  the  grill  room 
of  the  Automobile  Club  of  America.  $2  per  plate. 
8:30  p.  m—  Report  of  tellers. 
Address  of  retiring  president 
Address  of  new  president. 
Unfinished  business. 
Adjournment. 


Personals 


E.    R.    Thomas   Is   new   rity   entn  • 
formerly  city   ei  Port    \n 

J.   P.    Manning,   of   Nowata.    Okla 

uager   et    Sapulpa.   i  ikla..   at    ;< 
Henry    S.    Charron    has    I 
water  department  of  Burlington,   vt 
Thomas  Williamson,   well   known 

i construct  ii 

-    ■  ■       '•■ 
James   E.   Smith   of   SI     L 

City  on  April  26.     Mr.   Smtt 

Isalppl  Valley  for  nearly  20 
Nebeker,   Jenson.   Wood   &   Co.    Is 
izcd    firm    of    et 

1    are  ail  well 
graduate  of  Masachu 

V.   A.  Thompson.  Clt}    Manager, 

that   dl 
terfercnro  was  the  cause  ol 
to    enter    a    general    contrai 

Hitchcock's   plans  ari 


Tex,     He 


er  of   \ 

i  in,  ,1    Hi,     i>,.Hili..n    of 
■  nth. 
ti  ml.  ni     ..r    the 
Kidder. 
irmer  and   irriu 

engim  i  -acre 

•  f  Canada. 

nual    meeting    held   at    I 

■ 

the    nam.-   of   a    newly   organ- 
nrs    .ii     Salt    Lake    CltJ       The 
i  Salt   Lake.     Mr.  Jem 
I   Technology 
i  il    L.    B.   Hitchcock.  I 
positions  late  h 

■i    n  1th    political    in- 
Mr    Thompson  plans 
I    .  nglnecrlng    busini 


Obituaries 


ii, ,ii*- 
\   ii 


F.  J.  Reckwerth.  61   Mai*  old    ' 

,     died  suddenly  on  April  :•■ 
Alfred    Clarke,    widely    1 

.  .1    :il     .1    : 

i   Industrial  ai  I 

Ralph   E.  Thompson,  cm  ol    the  construction  of 

up  near  Umi 
,      w  is    drown,  il    In 
•.  ill.    ..    WOI  I, man.    hi         '  l    sklfti 

wai    overturned  In  an  eddj   ol   the  rushing  cut 
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OURCES  OF  INFORMATIO 

ON 

Equipment,  Machinery  and  Materials 


N 


The  catalogs  and  other  publications  of  this  list  contain  useful  information, 
and  unless  otherwise  noted,  may  be  obtained  free  upon  application.  The 
list  will  be  kept  up  to  date  and  enlarged  as  new  catalogs  and  bulletins 
replace  existing  ones  and  additional  publications  are  received  at  this  office. 


CAST    IRON    PIPE    DATA 

ast     Iron     Pipe    Publicity     B 
Erie  and  St.  Clair  sts..  Chicago,  represent- 
ing   numerous   manufacturers,    will    furnish 
very  full  information  and  references  on  re- 

Suest.      Its    cloth    bound    book.    "Pipe    and 
le    Public   Welfare,"    is   sold  for  25c   post- 
paid. 

STEEL  PIPE  FOR  SPECIAL  USES. 
Pipe  for  dredging,  mine  ventilation,  sur- 
face irrigation,  well  casing,  gravity  drain- 
age, etc..  made  in  various  gauges  and 
lengths,  la  described  in  the  literature  of 
Robertson  Brothers  Manufacturing  Co.,  1036 
W.  37th  St.,  Chicago. 

SPECIFICATIONS.  DIMENSIONS, 
THICKNESSES  AND  WEIGHTS  OF  SOIL 
PIPE   AND    FITTINGS 

These  data  are  published  in  compact  and 
useful  form  in  the  catalog  of  the  Cen- 
tral Foundry  Company.  90  West  St.,  New 
York  They  cover  a  very  wide  range  of 
sizes  and  types  of  fittings. 

WOOD  STAVE  PIPE 

The  catalog  entitled  "Pacific  Wood  Stave 
Pipe,"  issued  by  the  Pacific  Tank  &  Pipe 
Co.,  of  San  Francisco,  not  only  describes 
the  products  manufactured  by  that  com- 
pany but  contains  an  extensive  set  of  hy- 
draulic tables. 

CREOSOTED    WOOD    PIPE 
Uses   and    manufacture    of    creosoted    wood 
pipe  are   described   and    data   are   given    in 
Catalog    No.    17    of    the    Continental    Pipe 
Mfg.  Co.,  Seattle.  Wash. 

CALIFORNIA    REDWOOD 
The    Pacific    Lumber    Company.    207'"    Mc- 
Cormick    Bldg..     Chicago,     issues    catalogs 
giving  the  characteristics  and  uses  of  this 
well  known  Pacific  Coast  timber. 

REINFORCED  CONCRETE  PIPE 
Pipe  ranging  from  24  to  96  inches  diam- 
eter is  described  and  specifications  are  giv- 
en in  the  catalog  of  the  Independent  Con- 
crete Pipe  Company,  201  N.  West  St..  In- 
dianapolis. Ind. 

LOCK  JOINT  REINFORCED  CONCRETE 
PIPE 

This  pipe  is  described  with  many  illus- 
trations and  detail  drawings  in  the  catalog 
of  the  Lock  Joint  Pipe  Company.  Ampere. 
N.  J. 

PIPE    FITTINGS 

Catalog    No.    42-A    of    the    Kennedy    Valve 
Manufacturing    Company,    Elmira.     N.     Y  . 
tabulates    many    classes    of    cast    and    mal- 
leable   iron    fittings    in   a   lai  - 
sizes. 

VALVES   OF   ALL   CLASSES 
Extensive    statistical    data    on    a    gi 
valves  is  published   in   thi 
and   price  list  of  the  Kennedy  Valve  Man- 
ufacturing Company.   Elmira.   N.   Y 

REDUCING  VALVES 

A    small    hand    book    issued    bv    the    Atlas 
valve   Company,    Newark.   N.   j      c 
:    rules   for  determining  cap. 
reducing  valves  and   pipe  connections. 


VALVES    AND    FIRE    HYDRANTS 

illustrated  catalogs  issued  by  the 
Kennedy    Valve    Manufacturing    Company, 
Elmira.    N.    Y..   describe   the  many  types  of 
valves   and   hydrants   made   by   them. 
HYDRANTS  AND  VALVES. 
Full    information    on    Mathews      hydrants. 
valves,    cast     iron    pipe    and    other    equip- 
ment   will    be    furnished    on    request    by    R. 
D.   Wood  &  Co.,  Philadelphia. 
DRILLING   MACHINES 
Catalog  145  of  the  American  Well  Works, 
Aurora,    Illinois,    describes   in   detail   equip- 
ment  for   the   drilling  of   wells,   deep   blast 
nd  prospecting,  and  includes  a  com- 
pli  i.    list  of  drilling  tools. 
PIPE    CUTTING    AND    THREADING    MA. 
CHINES 

Six    types    of   machines    are    described    and 
illustrated  in  the  catalog  entitled.   "Stoever 
Pipe  Machine,"   issued  by  Treadwell  Engi- 
neering Co.,   Easton.   Pa. 
CLEANING   WATER    MAINS 
The    National   Water   Main    Cleaning   Com- 
pany, .10  Church  St.,  New  York  City,  issues 
a     twenty-two     page     booklet     describing 
of    dirty     mains    and     methods    of 
cleaning    them.      It    also    gives   a    table    of 
work  done,  showing  size  and  length  of  main 
and    discharges    before    and    after    cleaning 
and  other  descriptive  data  on  each  case. 
BRONZE     PRODUCTS     FOR     ENGINEER- 
ING   REQUIREMENTS 

Bronze  rods,  valves,  turbine  parts,  gears, 
etc.,  as  well  as  castings,  forgings.  sheets 
re  described  in  the  catalog  of 
the  American  Manganese  Bronze  Com- 
pany. Holmsburg,  Philadelphia,  Pa. 
METER   BOXES 

H.    W.    Clark  Co.,    12th   and   Hudson   Ave., 
Mattoon,     111.,    issues    a    catalog    fully    de- 
scribing its  line  of  frost-tight  boxes. 
METER    BOXES 

The  Ford  Meter  Box  Co.,  Wabash.  Indiana, 
makes   a   variety   of   boxes,   and   will    send 
full  information  upon  request. 
WATER   METERS 

Descriptive  matter  on  water  meters  and 
their  use  will  be  furnished  upon  applica- 
tion by  the  Gamon  Meter  Co..  282  South 
St.,   Newark,   N.  J. 

WATER   METERS   FOR   EVERY  SERVICE 
The    Badger    Meter    Manufacturing    Com- 
30th   St.,   Milwaukee.   Wis.,   issues 
circulars  giving  descriptions  and   tabulated 
data  on  many  classes  of  water  met 
METERS  FOR  VARIOUS  USES 
The  Hersey  Manufacturing  Co.,  314  W.  2nd 
St..    Boston.     Mass..     makes    a    vai 
meters  on  which  it  will  send  full  literature 
upon  request. 

WATER  METERS  AND  WATER  WASTE 
SURVEYS 

Literature  issued  by  the  Simplex  Valve  & 
Meter  Company.  5722  Race  St.,  Philadel- 
phia. Pa.,  describes  many  different  sorts  of 
meters  and  their  uses.  Bulletin  No.  30 
gives  detailed  information  on  the  making 
of  water  waste  surveys  and  the  equipment 
tised  therein. 


WATER    METERS 

The  Pittsburgh  Meter  Co  Easl  Pittsburgh, 
Pa.,  makes  a  variety  of  meters  upon  which 
it  will  gladly  furnish   full  information. 

METER   FACTS  AND   FIGURES 
The  uses  of  Meters  and  the  savings  effected 
thereby,  as  well  as  the  meters  themselves. 
are   described   in   publications   of   the    Nep- 
tune  Meter  Co..   New   York   City. 

METERS    FOR    EVERY  TYPE   OF 
SERVICE 

Full  information  on  disc,  current  and  com- 
pound meters,  including  details  of  con- 
struction, will  be  furnished  on  request  by 
the  Thomson  Meter  Co..  100-110  Bridge 
St.,  Brooklyn,  N.  Y.,  makers  of  "Lambert 
Meters." 

STANDARD  WATER  METERS 
The  Buffalo  Meter  Co.,  2909  Main  St..  Buf- 
falo. New  York,  will  furnish  catalog  and 
price  list  giving  full  account  of  "American 
Water  Meters."  These  meters  are  de- 
signed to  meet  fully  the  specifications  of 
the   American    Waterworks  Association. 

WATER   METERS 

Information    on    a   complete   line   of   water 
meters    is   contained    in    the    publication    of 
the    Union    Water    Meter    Co.,    38    Herman 
St.,  Worcester,  Mass. 
WATER    CONTROL    INDICATORS 
Indicators     for    showing    valve     and     head 
conditions,   at  remote   points,   and  the   uses 
of  such  indicators,   are  described   in   Bulle- 
tin No.  43-A  of  Payne-Dean,  Ltd.,  103  Park 
Ave.,  New  York  City. 
CHLORINE    CONTROL    APPARATUS 
This  is  the  title  of  an  extensive  illustrated 
catalog  issued  by  Wallace  &  Tiernan  Com- 
pany, 4G6  Peoples  Gas  Bldg.,  Chicago.  Both 
water    purification    and    sewage    treatment 
are   explained  and  diagrams  and  plans  are 
furnished. 

HYDROGEN-ION  TESTING  SET 
The  LaMotte  Chemical  Products  Co.,  113 
W.  Saratoga  St.,  Baltimore,  Md..  has  just 
issued  a  booklet  describing  equipment  and 
procedure  for  the  chlorimetric  study  of 
hydrogen-ion  concentration. 

SANITATION  OF  SWIMMING  POOLS 
"Pure  Water  for  Swimming  Pools"  is  the 
title  of  Technical  Publication  No.  21.  issued 
by  Wallace  &  Tiernan  Company,  466  Peo- 
ples Gas  Bldg..  Chicago.  This  treats  Of 
thi  ipment   and   the   procedure   of   puri- 

fying swimming  pools   by   chlorination, 
TECHNICAL    BOOKS 

The  McGraw-Hill  Company's  1922  catalog 
contains  a  classified  list  of  high  grade  texts 
on  practically  all  phases  of  enei 
The  catalog  may  be  obtained  from  Mc- 
Graw-Hill Book  Co.,  370  Seventh  Ave.. 
New  -i  irk  City. 
CENTRIFUGAL   PUMPS 

Bulletin  W-605  of  the  Worthington  Pump 
&  Machinery  Corporation.  115  Broadway. 
New  York,  not  only  describes  a  vai 
types  and  sizes  of  pumps,  but  furnishes  a 
large  amount  of  useful  information,  such 
as  capacity,  speed  and  efficiency  diagrams, 
and  operating  data. 
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STEAM    TURBINES    AND    CENTRIFUGAL 
PUMPS 

Information   on    thi 
■  hi    various 
Steam     Turbit 

\     .1       Thi 

i  •  ntrifugal  pumps 

PUMPS  FOR  EVERY  SERVICE 

■  wring  Compai 
makes  both  band  and 
ever]    pui  post      and    Is 
bull'  •  acb  bul- 

Dmplete    Information    "n    one 
for  exampli 
um   and   stuff   pumps-   single  acting   triplex 
pumps     and      centrifugal    power 
pumps      The    bulletli  tain    vei  :• 

tables. 

CENTRIFUGAL    PUMPS 

al    pumps,    with    nor- 

••■  t.,  I, galli 

.      248    The  bulletin   is  lUus 

•    '        Ml 

ludlng  diagrams  and 

STEAM    PUMPS    IN    TEN    SIZES 

log  "f  the  Emerson  Pump  &  Valve 
Company,  Alexandria,  Va.,  gives  a 

■    ■         n  id<    by  this  com- 
pany.    CapaclUi  nd  oth<  i 
data  are  given   in   tabular  form. 
PUMPS  AND  ACCESSORIES 

Wo    l<  of  A.  D   Cook,  manufactur- 
er,  Lawrenceburg,  End.,  gives  lllusti 
diagrams,  prices  ami  statistical  data  on  a 

nitty    of    steam,    belt    and    motor 

driven  well  pumps  and  of  pump  parts.  w<  11 
tubing  and  supplies. 
AIRLIFT    PUMPING 
Equipment   and   methods   for   this 
pumping    arc    described    in    detail    in    Bul- 
letin    No.     71     "(    the    Sullivan     M  , 

130  So    Michigan   Avi  . 
Oth.  r   bulletins  of   this  company   give   .  \ 

■  b  ,.f  stationary  and 

air     compressors     and     engines,     vacuum 
pumps,   air  drills,   etc. 
POWER  PUMPS 

and   stationary  pumps   ol 
aphragm  and  triples  types  are  de- 
:.'..!  i  in    Bulletin 
•    •  •  .    i '     ii     &    E     Mamifai  turing 
Mineral  St.,  Milwauki 

PUMPING    EQUIPMENT    OF    ALL    KINDS 

bulletins  and  catalogs  of  tl 
11   Works.   Aurora.   Illinois 
i   and   furnish   tabulated   statistical 
i    pumps,   pump 
■  i    accessory    equipment    mad.-    by 
Requests    for    publications 
the  ]     rpo      tor  which  equip- 
ment is  desired. 

PUMPING    MACHINERY 

Bulletins   of    the    John    IT     McGowan    Com- 

•  i   pumps, 
I 
■    hydraulics. 

STEAM    PUMPS    FOR    ROUGH    WORK 

22 2  West 
New    York    City,    will    furnish    in- 
':  .    di 
handle  and    for 

othei    conditions. 

DISTILLED    BOILER    WATER 

.NL-  evaporators  for  the  production 

■  New  Fork  City.    The  cat- 

:  its  oper- 
hnical  t<  i  ms. 

WATER    AND    OIL    HEATERS 

hot    water, 
,  itaiogs    and    price 
Meter  I  loropany,   2909 
Main  Mew  York. 

GENERAL    UTILITY    ENGINES 

pumping    and 

AIR    DRILLS    AND    COMPRESSORS 
the    Sullivan    H 

airlift     pumps. 

BLOWERS    AND    REPAIR    EQUIPMENT 
OF    ALL   CLASSES. 

Hydi 
a    large 

qulpment, 

blowers 

omizera   an'!   nu- 

I    list    of    these 

■ 


PNEUMATIC    TOOLS.    DRILLS.    AIR 
COMPRESSORS    AND    ELECTRIC 
TOOLS 

■  ■  .  iimatlc     Tool 

.   tmatlc  Building   Chicago,  ill  . 

..t    the   above 

.  pment   and  biclude  tabulated 

PORTABLE    AIR    COMPRESSORS 

ol    th.    Mundie   Manufai  turing 
i  ■.  i  a,  Illinois    gives  data  on  ten 
i  pi  ■  Bsori    beat 

PUMPING    AND    LIGHT    PORTABLE 
ENGINES. 

I  atalogs   of   the    Puller   &    Johnson    Manu- 
re  mpanj      10    E!lm    SI  -    Madison, 
eaci  Ibe    an    •  xt<  nsivi     line    "t 
light  gasoline  and  oil  engii 

HORIZONTAL    OIL    ENGINES 

i  i.    acting    oil 

In  « 1 1 1 .  > i  i  ompli  '•   atoml- 

xation  an   obtained  without  thi    use  ol  high 
I  | ,  ssun  i  Ibed   in   Bullet  In   No. 

1004    "i    the    ingersoll-Rand    Co.,    11    Broad- 
way,    New    York,    laaued    In    March,    1922. 
ous   advantages 
Ines  and  is  Ulustrati  6 
n  Ith  cuts  and  diagrams. 

GASOLINE     LOCOMOTIVES    FOR    ALL 
PURPOSES 

Root  Heath  i  !omp  my,  205  EUggs 

i 

lull. tins    describing    in    detail    its    gasoline 
These   bulletins  will   bi    bi  nt 
to  persons   stating  theit    requirements.  One 
of   the    papers    is   devoted    entirely 
line    locomotives    on    b 
ii  1 1, m. 

GASOLINE    LOCOMOTIVES 
Numerous    types    and     details    of    gasoline 
Ives    for    industrial    and    Othi 

No    lis  of  the   Milwaukee  Locomotive  Mfg. 
Co.,   Milwaukee,  Wis 

STORAGE    BATTERY    LOCOMOTIVES 
Electric   battery  locomotives  for  mine   and 

al   use  are  described   in    I'.ulletin    No. 
502   Of   the  Ironton   Co.,    Ironton.   O. 
CRAWLER    AND    WHEEL    TYPE 
LOCOMOTIVE   CRANES 

and    12-ton    cranes    in    the    above 
types   are   described    in    Catalog   No.   21   of 

i; 

alog  is  illustrated  and  piw  Ii 

LOCOMOTIVE   CRANES   AND    RAILROAD 
DITCHERS 

te    catalogs    of    the    American     Hoist 
,v    Derrick    Co.,    St     Paul,    Minn.,    describe 
Ines  .md  other  equipment. 

HOISTS    AND     DERRICKS    FOR    CON. 

TRACTORS    AND    BUILDERS 

Bulletin    H.   D.    501.    issued    by   Pawling   & 

-    i  lo.,    3800    National  Ave  .    Mil- 
waukee,   wis.,    descril 
inks  and  is  well  supplied  with  illustrations 

ibular  data 
TRENCH    EXCAVATORS    FOR   VERTICAL 
OR    SLOPING    SIDES 

ors   of   both    the    wheel    and    ladder 
he  i 
Htcher  >  lompanj  .  Pind- 
ii... 
and  with  man-  \  mong   other 

data  it  gives  costs  of  operation,     in  addl- 
■  i      pipe  laying  and  other 
machines   are   di 

EXCAVATORS    AND    BACKFILLERS 

lire  on  a  large  \  ;.i  lety  ol   thi 
chines   is   furnished    by   the    Parsoi 
pany,  Nt 
BOOM    DREDGES  AND   CRANES 

i  iredgi    Works,   261 1   C<  nter 
Michigan,   issues  a  catalog 
dt  scribing  In  detail. 

i  a  of  equipment  raanu- 
i    by    it.      These    Includi 
walking,  track  and  Boating  dredgt 

ind    and   gravel 
hi  r     Items     .>f    earth     handling 
imenL 
GRAB   BUCKETS 

:  Ha)  ward 

hurch    St..    New     York. 

ribe  bucket 
I      ,..    is     electrli    motor   buckets. 
i ..  ,i      .  i    i  i    ou(       tables   ol 
;    working  dat 

TRUCKS  FOR  USE  ON  SUBGRADE 

"Titan   Bubgrade  Trucks"  is  the  title  of  a 
,  atalog  thi   Titan  Truck  Co., 

of   Mllwi 

iriety    of 
ti  b  hauling,  wet  mi> 

AUTOMATIC    DUMP    BODIES 

The  \e 

■i    si  .    Chli  ago, 
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an     illustrated    circular    on    several 
sizes  and  t\  ■  lump  bodies  for 

trucks  Othei  contractors'  equipment,  in- 
cluding w,., id.  ii  and  steel  batch  boxes,  con- 
and  trinks.  are  Included  In 
thi  '  ii. hi, i  \  complete  catalog  will  be 
furnished  on  reo 

DUMP    BODIES.    TANKS    AND    HOISTS. 

i  Compan]  .  1 188- 
\  i .       Milwaukee,    describi 
largi    varlet)    •  •!    bodj    equipment   and 
cial    feature!       Then     are    many    lllustra- 

WHEEL   SCRAPERS 

Smith    ,v    Sonc     Manufacturing     Co.,      50* 
Uulnotte   Ave  .    Kai  i  Ko.     Catalog 

.ii;,.  multi-unit    wheeJ 

i  |bi  ■  •  qulpment  and  im- 
provements,  gives  Instructions  for  opera- 
tion and  showi  tabulated  cost  data  under 
\  arj  m:  I      ii,  etc      Actual  test 

Veil. 

LEANING    WHEEL    GRADERS    AND 
ATTACHMENTS 

Illustrated  catalogs   Issued   bj    .1     D.   Adams 
£    ,  ■,.     bid    i  Ind  wide 

back  aloper  attachments 
and  othi  r  gi  •  qulpment 

COMPLETE  CRUSHED  STONE  OUTFITS 

statin'  hers,    rotary   pul- 

ins  and   .levators  in  nu- 

merout  !     '     I  '•■     folder 

1   bv  the   1'niversal  Crusher  Company. 

Rapids,   lowa      Portable 

,,ut tits   ar<     provided    complete   with   power 

nS    and    hlns.       1  >i- 
mensioi  hts  of  the  various  units 

•  ii 
DITCHING    WITH    DYNAMITE 
The  ;,i,.... ,    .     thi    title  of  a  booklet  descrlb- 
Ing  th,-  use  ol  dynamite  In  drainage  work, 
and  givlnt    -  examples,   Issued   by  the 

..■mourn  &  Co.,  Wilming- 
ton, Del. 

EXPLOSIVES   AND   BLASTING 
EQUIPMENT 

Exploslvi  B  for  all  pur]  I   va- 

-  uch  as  detonators  and' 
boring  etc.,   are   described   in   a 

logs    issued    l>v    the    Hercules 
943    King    St..    Wilming- 
ton.   Delav,    i-        Th  irate    pub- 
licatlons    describing    the    products    of    the 

..I    explosives    in    i 
buildli  ;  ■   ince,    their    uses    in 

mining  pn  ■  at,   including 

stump  Itching,   etc. 

THE    USES  OF   GUNITE 
\   gTi   ii  n    de- 

Book    No.    7.   just    is 
by  thi  tion    Co.',    of 

Chicago. 
CEMENT   BAG  CLEANERS  AND    BALERS 

The   Hand:     Sack    Bali  r   Company,     Cedar 
Rapids,   Iowa     issues  illustrated  folderi 
scribing  thi    cleaning  and   baling  machii 

made   by   it        There   are   live  sizes  Of  ell 

ranging    from    150    to- 
1200    i  a    list    of 

firms  using   these   machines. 
PORTABLE   SAW   RIGS 

aw    rigs    with    gasoline 
■  1   in 
In  No    i   of  the  C    H.  &   E.   Man.' 

I    Mineral    St..   Milwau- 

RUST    PROOF    PAINT 

The    irraoi    0     S   Chemical  Company,  3122 
ike    IM      Kansas   City,    Mo.,    issues   a 
pamphlet     i  It     prevention    and- 

rust  prool   p 

SEWAGE    PUMPS   AND    EJECTORS 

Bulletins  ol    thi    Ti  omans   Bros,  Comp 

■    very  com- 

nd   tabulated   data 

ilpment      '  Ither  bul- 

numps. 
SEWAGE    SCREENING    AND 
CLARIFICATION 

he  101 

Park    \\.      N>«    York,   describe   tnelr  ape- 

lariflei    and    their 

GARBAGE    AND    NIGHT    SOIL    DISPOSAL 
i  ;,\.  i .  i.s.   pumps 

ilpment   for  thi 

Is, 

II      HolZDOg    .  inville.    In. I 

REFUSE    INCINERATORS 

different    methods 
,,f   garbage    Find    othi  r    refuse    d 
gather  with   Illustrated  a nuts  of  numer- 
ous   Incineration    plants,    are    given    It 
catalog    ol    the    Decarli 
pany,  Mum' 

SEWER   CLEANING    EQUIPMENT 

Tb.      Kuhln  '      :ln,', 

its  ui  ■  ■  d  and  prlci  -;  quote  .1  ir» 

ti atalog   of   Hi.    Champion   '     : 

i  immond,  Ind. 
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A  Suggested  Appraisal  of    Railways 
That  Will  Be  Fair  to  All  Concerned 

By  HALBERT  P.   GILLETTK.   Editor. 

A  very  serious  economic  problem  confronts  tin  steam 
railways  if  they  are  to  be  consolidated  into  a  lew  gi 
Tin-  main  question,  perhaps,  is  one  of  valuation.  Upon 
basis  of  value  shall  different  railways  be  united?  Shall  it 
be  upon  the  estimated  cost  of  reproduction  (historical  or 
present)  of  the  respective  lines'.'  If  so,  an  unprofitable  rail- 
way would  be  rewarded  and  a  profitable   railway   penalized. 

On  the  other  hand,  if  the  respective  values  ate  based  mi 
capitalized  prospective  net  earnings,  the  In:  amerce 

Commission    will    apparently    be    confronted    by    an    ill 
method    of    valuation    for    rate-making    purposes,    sini 
commission  aims  to  base  the  net  earnings  on  the  Value  oi 
the  property.    How  is  this  "vicious  circle"  to  be  avoided,  ami 
it  the  same  time  how  is  economic  merit  to  be  rewarded! 

With  full  appreciation  of  the  difficulties  involved,  I  offer 
the  following  tentative  solution  of  this  economic  problem. 

Let  it  be  assumed  that  the  steam  railways,  regarded 
Single  system,  are  entitled  to  net  earnings  (after  taxes  and 
depreciation  annuities*  equivalent  to.  say.  7  i 
then-  ,ost  of  reproduction  new.  Then  lei  each  existing  rail- 
way system  receive  its  pro  rata  of  this  total  reproduction 
cost  in  the  proportion  that  its  prospective  uel  earnings  bears 
to  the  total  prospective  net  earnings  of  all  the  railways 
combined. 

By  this  plan  there  would  be  no  circular  reasoning  as  to 
the  rate-making  "value,"  for  that  would  be  based  on  cost  of 
reproduction  of  the  entire  railway  property  in  America. 

By  this  plan  there  would  be  no  penalizing  of  relatively 
profitable  railways,  anil  rewarding  of  relatively  unprofitable 
railways.  Competitive  conditions  have  produced  a  rate 
structure  that  automatically  tends  to  give  relatively  large 
profits  to  well  located  and  well  managed  railways.  This  is 
economically  sound.  Taking  America  as  a  whole,  relatively 
few  of  its  railway  lines  should  not  have  been  built,  and  since 


perfect  foresight  is  not  to  be  demanded,  it  follows  that  the 
public  should  pay  a  fair  return  on  some  rate-making  value 
of  the  railways  taken  collectively.  I  suggest  cost  of  repro- 
duction new  as  a  fair  rate-making  base,  because  it  puts 
investors  in  railway  securities  on  a  parity  with  owners  of 
other  kinds  of  income  producing  propertj — farms,  factories, 
business  buildings,  mines,  etc. 

Practically  all  classes  of  property,  except  railways  and 
other  public  utilities,  have  risen  in  value  sufficiently  to  offset 
the  depreciated  buying  power  of  the  dollar.  This  is  econom- 
ically sound,  and  not  only  justice  but  true  public  economy 
for  the  same  treatment  for  owners  of  railways  and 
other  public  utilities. 


Seattle's  Fiasco  in  Municipal  Owner- 
Ship  of  Traction  Lines 

Seattle  ha,  followed  closely  the  path  of  failure  that  was 
blazed  by  San  Francisco  in  its  municipal  ownership  of  street 
railways. 

On  the  first  of  April,  1919,  Seattle  began  operating  all  the 
traction  lines  that  serve  its  people,  having  paid  $15,011,000 
for  a  plant  that  had  cost  more  than  $15,000,000  to  construct. 
The  editor  can  speak  with  assurance  on  this  matter  of  cost, 
having  not  only  appraised  the  plant  in  1911,  but  having  also 
analyzed  the  ledgers  of  the  then  existing  company  and  its 
predecessors.  There  has  been  some  question  raised  by  the 
advocates  of  municipal  ownership  as  to  whether  or  not  Seattle 
paid  an  excessive  price  for  the  street  railway  system.  It  has 
been  asserted,  for  example,  that  $10,000,000  was  nearer  the 
cost  of  the  plant  than  $15,000,000.  But  both  ledger  records 
and  the  editor's  appraisal  of  the  physical  property  gave 
substantially  the  same  total.  The  editor's  appraisal  of  the 
physical  plant  cost  was  $15,311,060  as  of  Dec.  31,  1910.  What 
was  added  to  the  plant  during  the  subsequent  nine  years,  up 
to  the  time  of  its  purchase,  the  writer  does  not  know. 

In  1910  there  were  193  miles  of  equivalent  single  track,  so 
that   the   cost   of  the   plant   and   equipment   was    $79,300   per 
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mile  that      p   ;  r    c|..f    ■      M^^U™^..,,  :«    1Q1/1 

equipping    rrices  of  hlectric  Machinery  in  1914 

onrJ     1Q1Q 

trail  duu      ^^ 

,,   ,„.,.  ,.,.„,  Manufacturing  census  dati  now   available  for 

n   with   I'.'i »     in  Borne  few  Instances   ii   is  possible 
than  the  i  '  i  "■"   ,i"  '    two  censujj 

l  or  example,  in  1914  tl  manufactured 

Dl   motors   I 
,i   new   for      and   a   total    value   (ai    the   factor}  i    of  This  u 

equivalent  to  about  $11  epower  for  motors  aver- 

'   71  n.p.    In    I  a      i  1.-.1.2SC  motors,- 

130,381.    This  It 

Uure,      equivaleni  to  i il    ■.  motora  avert 

price      a8»ng  2.23  h.p.    i  ich  a  wide  d  • 

plant       '"  the  avi  In  1914  and  1919  thai  no 

ade   as   to  the   change  in. 
■  hi   more  per      P] 

In    1914    the  n  turbine,    alternatlng-i 

76,  totalini    I  00,186  kw.,  valued 
enue,  so.  In  1920.      This  is  equivaleni  ■  r  kw.  for  turbo  generators. 

Icketa      averaging  1,600  kw.  each.    In  r.'i9  the  output  was  075  turbo- 
rged  in  any       generators,  totaling   1,902,79!    kw.,   valued  at  $8,262,802.    This 
is   equivalent   to   about    $43  50    per   kw.    for   turbo-generators 
kw.   each.    Here  is  a  reduction  of  33 
owned   the   traction    lines;  n  price  per  kw.  at   a  time  when  the  general   price 

id  into  the      level  was  double  the  lev<  :  ol   1914.    In  part,  this  remarkable 
reduction  is  ascribable  to  th<    increase  in  the  average  size  of 
ompany   the    excessive      the  units,  for  144  of  thesi    i  irbo-generators  totaled  1,236,827 
burden   of   maintaining    thi  ■ 'tween  car  tracks    and       kw.,  or  an  average  of  abo  il  8,700  kw.  each.   In  part,  hi 

■    thereof,  but  this  great  burden  Is  now  removed      the  reduced  price  is  ascribable  to  better  design  and  to  the 
from  the  street  railway  department  and  placed  on  the  gen-      enormous  increase  in  output. 

eral  public  in  the  form  of  I  jn  i;)i  |   transformer  output    totaled  115,843,  having  a  total 

with  a  huge  load  of  taxation.      capacity  of  8,644,794   kv,  .  and  a  value  of  $13,120,065.    This  is 

but    this   burden    is   no   longer    placed   on  the   traction  lines.      equivalent   to  about  $5(1  per  kw.  for  transformers  averaging 

nfted  onto  the  general      about  23  ){w     in  1919  transformer  output  totaled  382,929  and 

1    this,  and   in   spite  of  high   fares,       14,484.179  kw..  having  a   value  of  $25,560,901.    This  is  equiva- 

munlcipal  I  lephont,  as  the  follow-      ,ent  t0  about  ?]760  per  kw   for  transtormers  averaging  about 

ing  figures  for  the  year  1921  show:  37   kw     This   js   ukew,.,    a    remarkable   reduction  in   price, 

$6,347,175       doubtless    attributable    largely   to    a   great    increase    in    the 

187       percentage  of  large  sized  units. 

$1,24 

A  rallacious  tconomic    Law    and  It  s 

J    374,842 

Lion  annuity  is  included  in  the  $5,105,487,  and  it  Use  by    a   Great  Banker 

or  about  4  per  cent  of  the  cost  of  the  Tne    "law    of    diminishing    returns"    is    not    so    frequently 

,nt      It   has   been  dain                      a   is  an  ex-  referred  to  as  once  was  the  case.   But  it  is  occasionally  i  ited 

preclatlon,  and  that  $100,000  would  by  pr0minent  men  who  seem  to  regard  it  as  being  securely 

gineers  would  agree  with  such  established.    For  example,  James  S.  Alexander,  president  of 

i  of  the  cost  of  an  electric  railway  tne   National   Bank   of    Commerce   in   New   York,   last   week 

-    being  an   ample   depreciation   annuity.     Most   engi-  sajd- 

■vould  put  4   per  cent  as  being  none  too  high,  and  in  ,    *      .               .   .,,  .     . 

....                                                                .   ^     ,     '  \\  e    have    established    upon    this    continent    an    economic 

nmate   made   bv   the  accountants    of   the  ,  .     *.    *  ,.                        ..                      ,  .      ,                     ... 

„   „ .     .        ,.     ...           ;•     i  society  that  has  given  to  the  average  laboring  man  a  higher 

Washington    Public    service    Commission    for   this    particular  ,      ,     .„_,«.,.        v.-     ,  ,,        ,  v.  ■  i . 

..  standard  of  living  than  his  fellow  laborer  enjoys  in  almost 

l-    „,  .».„  „„„  ..„  .  „„.  „  i       ■  -■•-.  oio         .  ■  any  other  part  of  the  world.   The  existence  of  that  standard  j 

From  the  apparent  net  gain  ol               •           t  am  (eductions  ...    .                    ...                              .  .       „      .        ,    .„   _,„„„ 

...                           .    .  .,  ,                  .     ,  constitutes  one  of  the   greatest   achievements   of  American 

D  prior  period,     leaving  a  final 

net  balance  Of  1226,588  tor  •                   121,  or  less  than  1.6  per  democracy. 

But  since  the  lost  taxes  "This  standard,  however,  has  been  conditioned  upon  the 

would  be  fully  three  times  this  1.5  per  cent,  there  results  a  maintenance    of    the    productivity    of    the    laborer    and    this 

•elusive   of  many  productivity  in  turn  has  been  conditioned  upon  the  continued 

■  neral  fund"  and  not  charged  enlargement  of  the  supply  of  highly  productive  land  as  faat 

l  allway  department.   We  should  not  be  surprised  as  Population  grew. 

e  that  such  expenses  totaled  "While    there    still     undoubtedly     exists    a    considerable 

The  report  for  1919  indicated  that  such  amount  of  land  which  ma)   be  cultivated  more  profitably  than 

running   at   the  rate  of  about  hind  which   is   cultivated    in    some   other   parts  of  the  world. 

this  did  not  include  paving  maintenance  yet  we  must  recognize   the   tact   that   we  have  reached  the 

nor  Interest  on  mo-                      .|  from  the  general  fund.  point  where  upon  the  new  land  the  operation  of  the  law  of 

Taking   In) aalderaUon   all   such   it'-ms,   and   the  taxes  diminishing  returns  in  agriculture  will  cause  a  smaller  and 

tiK   through    municipal   ownership   of   Its  smaller  yield  of  foodstuffs  per  unit  of  labor  than  has  resulted 

I  loss  of  fully  half  a  million  dollars  in  the  immediate  past.    It  is  true  that  invention  and  improved 

methods  of  farming  have  tended  to  postpone  to  some  extent 

ligation  of  its  munici-  the  early  working  of  the  law  of  diminishing  returns  but  the 

■    consulting   engi-  evidence  of  the  last  few  years  points  clearly  to  the  fact  that 

•  aling   the  exact  w«  are  now  utilizing  less  fertile  land  at  a  greater  per  unit 

are  Is  slight  hope  of  such  cost  of  production  than  was  the  case  in  former  years." 

annual                                                                              i,„.;il    ,,oll.  There  are  two  serions  errors  In  this  argument:   First,  the 

illy  known      error    ol    BU] sing    that    the    high    standard    of    American 

-    to   think  productivity    "has   been  conditioned  upon   the   continued   en- 

lnat   lt                                                               Into  the  business  of  largement  of   highly   productive   land   as    fast   as   population 

ninnlm  grew";  and,  second,  the  error  of  supposing  that  there  is  any 
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euch  "law  ol  diminishing  returns"  as  the  "law"  evidently  In 
Mr    Alexander's  mind. 

Without  going  back  ol  economic  writ 
may  quote  from   John    smart   Mill's   "Principles   ol    Political 
Emonomy" : 

"It  is  the  lav,  oi  production  from  the  land  that,  In  any 
given  state  oi  agricultural  skill  and  knowli  i  ncn  asing 

the  labi  r,  the  produt  e  Is  not  inci  easei 

formulates  the  lav,  of  diminishing  returns  thus: 

-Ever)  increasi  ol  produce  is  obtained  by  a  more  than 
proportional  Increasi  in  the  application  oi  labor  to  the 
land." 

Mill,  ii   will  be  seen,  was  careful  to  qualify  the  Brst   state 

ment  ol  the  alleged  lav.   by  the  clause   'in  anj   given  s  al     ol 

i,,i   luiowledge,"  bui   he   Eorgol    tl  i     impoi 

tani    qualification    when    he    formulated    the    law,    and    thus 

enunciated  a  generalization  that  is  false. 

Ian    still   mars   the   pages   ol    mam    a    mi 

text  book  (Taussig's,  tor  example),  producing  the  lm] o 

that  at  least  in  agriculture,  if  not  in  manufacturing,  tin 

an   inevitable  trend   toward  diminishing   returns   from   equal 

human  effort.    To   political  economists   who   believe   in   such 

ivi   commend  a  reading  of  "Burbank's  Book     a  twi  Ive 

volume   treatise,  onlj    a   ver>    small  part    of   which   needs   be 

read  to  satisfy  anyone  that  there  is  no  such  thing  as  a  law 

of  diminishing  returns  in  agriculture,  if  reference  is  bad  to 

the  diminishing   return  laws  hitherto  published.    Burbank  is 

an    Inventor  ol    new    plants,  and   his   work  alone   servi      to 

show  that  there  is  In  sight  no  limit  to  agricultural  economic 

iss      He  has   himself  so  enormously  increased   the  crop 

yield  per  acre  for  many  crops  without  increasing  the  labor 

Involved,  that  we  can  not  doubt  his  statement  that   only  a 

ng    has    been    made  along  this   line. 

bead  ol  our  of  the  greal  hanks  of  America  tells  us 
that  the  "early  working  of  the  law  of  diminishing  returns" 
inly  been  postponed  by  invention.  Well,  If  invention 
lias  "postponed"  the  effect  of  this  alleged  law,  what  i  to 
prevent  invention— particularly  oi  the  Burbank  type— from 
"postponing"  its  effect  indefinitely?  The  truth  is  that  the 
diminishing  return  law  never  was  a  law.  and  never  will  be 
It  is  one  ol  those  products  of  the  ill  informed  brains  of 
political  economists  of  the  so-called  classical  school,  whose 
utterances  still  pass  current  among  many  non-scientific  men. 

Mill,  tor  example,  was  so  unscientific  that  he  repeatedly 
used  the  term  "law"  when  he  meant  "force,"  and  otherwise 
d  a  verj  limited  understanding  of  natural  science.  He 
tried  to  Improve  <m  Herschel's  rules  for  scientific  discovery, 
and  even  sought  to  appropriate  them  as  his  own.  calling 
them  "canons  of  induction."  He  tailed  to  improve  Herschel's 
rules,  and  in  fact  converted  them  from  lucid,  accurate  state 
ments  into  involved  and  often,  erroneous  statements.  Ami 
he  failed  to  tool  many  scientific  men  into  believing  that 
qj  difference  between  a  "rule  for  scientific  discov- 
ery" and  a  "canon  of   inductive  proof." 

We  urge  every  engineer  to  study  political  economy,  but 
always  critically,  for  probably  !>0  per  cent  of  its  alleged 
"laws"  are  either  too  general  or  entirely  false. 


A    Plea    that    the    Habits    of    Writing    and 

Magazine  Reading  be  Established 

in  College. 
To  the  Editor: 

One  evening  not  long  ago  several  members  of  the  engi- 
neering profession  were  discussing  their  university  training 
and  several  things  were  brought  out  that  impressed  them  as 
being   particularly   worthy  of   attention. 

They  were  mainly  these:  That  while  many  relatively 
unimportant  and  uninteresting  subjects  which  had  been 
forced  upon  them  while  in  school,  they  had  already  forgotten; 

one  subject  which  should  have  been  taught  had  I n  entirely 

ted  or  ignored.  This  subject,  which  would  have  been 
of  the  greatest  value  to  them  in  their  later  practice,  should 
have  been  a  course  of  study  in  the  many  modern  magazines 
ed  to  their  profession,  coupled  with  a  chance  to  learn 
to  write  and  speak  clearly  in  untechnical  language  on  tech- 
nical subjects,  so  that  the  man  without  engineering  train- 
ing could  easily  understand  and  appreciate  any  engineering 
problem  or  project  that  they  might  wish  to  present  to  him. 

In  all  of  their  cases  there  seemed  to  be  the  same  feeling 
that    their    schooling    had    lacked    the    essential    element    of 


preparing  them  to  speak  easily,  clearlj  and  fluently  to  a  lay 

audience  on  technical  subjects  which  might   be  Of  the  greatest 

Importance  to  both  the  engineer  and  the  audience,  in  many 
cases  the  failure  or  success  ol  a  project  has  depended  upon 
the  engineer's  abilitj  to  make  hit  audience  understand 
clearlj  the  project  and  so  gain  theii  good  opinion  and 
backing. 

Such  a  course  might  easiiv  be  given,  it  need  not  be  laid 
out  111  advance  to  the  set  study  of  any  particulai  probli 
but  hould  be  open  to  the  most  intere  tin;  topics  ol  the  day 
.1  discussed  in  the  current  magazines.  There  is  no  doubt 
that  on.,  of  the  most  Important  things  that  is  learned  at 
school  is  location  and  use  of  ITlrn  no  connected  with  our 
work  'The  presenl  high  standard,  professional  magazine  is 
the  most  important  of  our  references,  and  its  use  should 
be    lauglit    in    the    school    and    mil    be    left    to    the    stiidenl    to 

accidentally  discov  er. 
There  is  a  tendency  in  all  schools  for  both  the  student  body 

and  the  tacullv  to  look  upon  the  faculty  as  knowing  the  last 
wand  on  any  subject,  and  a  feeling  Ihat  the  student  must 
accept  their  view  without  question,  thus  stifling  the  indi- 
viduality ol  the  student.  Such  a  course  as  1  suggest  would 
have  a  tendency  to  correct  this,  as  the  discussions  brought 
out  on  the  various  topics  brought  up  in  the  magazines  would 
show  honest  differences  of  opinion  by  their  writers.  Such  a 
course  could  be  made  to  carry  interest  into  many  other 
■  lasses;  lor  example,  instead  of  a  course  cut  and  dried  on 
stresses  and  strains  in  bridge  design,  a  particular  success  or 
failure  in  bridge  design  then  under  discussion  in  the  maga- 
zines could  have  been  used  to  add  infinitely  more  interest 
to  the  class.  How  interesting  it  would  he  to  review  the 
articles  written  on  it,  and  to  discuss  them;  and  how  much 
miglr  the  student  get  from  it!  It  would  be  almost  practical 
experience. 

Again  there  are  many  small  items  of  no  great  consequence 
perhaps,  but  which  are  interesting  and  deal  with  some  spe- 
Cial  problem  that  some  engineer  has  encountered  and  solved 
or  failed  to  solve,  which  might  be  taken  up.  The  method 
which  was  used  might  be  improved  upon  by  some  member 
of  the  class,  or  a  failure  turned  into  a  success  by  the  appli- 
cation of  some  other  method.  Would  not  this  carry  an  influ- 
ence into  the  student's  latter  life,  and  make  him  more  eager 
and  capable  of  relating  to  the  rest  of  his  profession  some 
unusual  problem  of  interest  that  he  might  meet  in  latter 
practice? 

If  he  were  backed  by  such  a  training,  could  the  engineer 
not  easily  write  up  experiences  briefly  and  concisely  in  such 
a  manner  that  magazines  would  be  glad  to  publish  them,  and 
the  rest  of  the  profession  receive  the  benefit?  How  many 
of  us  meet  and  solve  problems  in  the  field  that  are  perhaps 
similar  to  those  perplexing  others,  who  would  be  glad  to 
get  our  information,  but  who  fail  to  do  so  because  we  either 
fear  our  ability  to  write  of  our  experiences,  or  because  of 
lack  of  training  begrudge  the  time  that  we  must  necessarily 
put  on  the  work? 

How  much  more  successful  in  a  practical  and  educational 
way  would  our  technical  magazines  become  if  all  engineers 
were  enabled  to  write  short  articles  occasionally!  How  much 
easier  and  interesting  it  would  make  it  for  them  to  follow 
someone  else  in  discussion! 

That  one  of  the  studies  of  greatest  value  to  the  future 
engineer,  the  modern  professional  magazine,  should  be  almost 
totally  neglected  by  our  educational  institutions  seems  to  be 
a  shame  LYNX  MARTIN,  E.  M. 

Glenwood,   Minn,  April   11,  1922. 


Grade-marking  of  lumber  will  be  one  of  the  important 
features  of  conferences  to  be  held  with  Secretary  Hoover  in 
Washington,  beginning  May  22.  It  is  said  that  lumber  is 
the  only  building  material  carried  in  stock  by  the  average 
retail  lumber  dealer  which  does  not  bear  either  the  name 
of  the  producer  or  a  specific  guarantee  of  quality. 


Detroit  M.  O.  Retains  Old  Superintendents. — Joseph  S. 
Ooodwin,  General  Manager  of  the  railways  newly  acquired 
by  the  city  of  Detroit,  has  announced  that  all  division  super- 
intendents of  the  Detroit  United  Railways  will  be  taken  over 
by  the  city. 
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Raising   Track  —  Reasons,    Require- 
ments and  Methods* 

The  raising  ol  U  iperationa  In 

!■.  threshed 

out  that  fun 

-     tint 

and  th<  rude'  ""•''■" 

«    elemental 
truth-  phases, 

ol    li 
,,1  the  work  be  doni  '  and   (3)    How 

ahonld  it  t tecuted  In  detail? 

Tt„.  |  kb  poor  ballast    This 

hardened   o 
unding  ol  traffic  or  that 
choked    with   engine   clndera   and    dirt     such 
ken  stone,  suffering  trona  the  hist  mentioned  to 
such  a  degree  that  surface  watei   does  not  drain  through  it 
i.   pumping  track,  may   he  rendered 
ti.  «   bj   cleaning  with  forks  or  with  any 
numerous  cleaning  devices   developed   during  recent 
Machines  i  '  >    ihake  up  the 

entire  roadbed  and  lasticity.    Some  track,  due  to 

narrow  and  ballast  hardening  along  its  center,  be- 

comes "center-bound,"  and   requires   raising  for  a  good  sur- 
lerable  track   is  lifted   on   account    of  pumping 
and  also  on  account  of  BUrface-hent  rails,  the  object 

secure  a  new  and  Arm  foundation. 

Often  the  conditions  cited   are  absent,   and   yet   track 

■  d   In  order  to  cover  up  some  poor  work  in  the  past. 

In  otl  I  this  operation  could  be  postponed  for  a  year, 

-t.  without  detriment  to  Bafety  <>r  comfort.     Therefore 

trouble  la  mostly  at   the  Joints,  an   effort  should  be 

mad.'   to  diu   ..ut    the   caked   mud   or  dead  ballast   at   these 

going  well  below  the  b  the  ties,  then  ailing 

in  witn   n<-w   mat. rial   and   Bnally   leveling   up   the   joint    with 

,n. -ti-  thorough  tamping  and  tightening  of  the  splices. 

ly  is  this  a  quicker  operation,  but  it  obviates  the  use 

of  much  material  and  labor  and  leaves  the  track  on  the  old, 

■olid  i 

urbing  ballast  the  full  length  ol  the  tie  often  involves 
■   would  last  at  least  on.-  more  year  in  the 
[Hon.     In  thi  bound  track  it  may 

out   th.    hard  Btufl  at   the  center  and 
Even    if    found    desirable    to   raise, 
.   should   be  broken  up   with   picks   prepara- 
tory  i  new   ballast     Bent   rails   will   not  be 

..n  a   new    bottom,  unless 

•  i.iiiy  bend  up  tin-  low  spots.     Where 

Is   only   slight    it    may    he  corrected   or  at   least 

working  mi  the  Joints  as  before  mentioned 

if   anything.   B  high,   BO   that    traffic   will 

hammer    them    level.     An    uneven     Burfai  illy     mi 

ugh  and  dangerous  track.     It   mean     loo  s 
a  vital  defet  i .  bui 
i   general   n 

mid    he 
■ 

all  ti  to  be  had  at    no 

..li  in  numbi  ["he  fori  man  who 

-ill   have  the 

■    i 
sill  probably  he  in  line  offered, 

ii  oughlj        lie 
.i    mini- 
mum physical    ol 
place   a   limit    upon    thi                                    that    track   can   be 

B    ..ut    nt 

1  !,•        t 
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expensive  and  tedious  method  of  digging  out  ballast  must 
be  practiced.  In  the  latter  event  it  is  necessary  to  go  at 
Last  three  inches  below  the  existing  bottom  of  the  ties,  In 
..i.ler  tn  secure  enough  good  ballast  underneath  to  allow 
solid   tamping. 

The  second   consideration    i-   not    the   source   of  very   much 

trouble    or    contention.      Track    should    not    be    raised    in    the 

spring  until  all  the  dangerous  or  rough  conditions  that   have 

developed    during    the    winter    have    been    eliminated.      In    no 

bould  II  be  attempted  until  ever}   bit   of  frost  has  left 

the  roadbed,  alter  the  freezini  ol  the  ground  has  already 
b.guu.  Track  raised  with  frozen  ballast  below  it  cannot  be 
uniformly  tamped,  and   the  result   is  that  unsupported  places 

are  left    which  are  \..\    apl  !  en   rails   and   wrecks. 

Alter  the  roadl  (1   not   be  disturbed,  but  If 

tace   the  rails  it  should 
he  by  shimming. 
The    final    considerain  rj     much    importance,    lor 

neglect  in  the  details  of  the  work  results  in  much  Waste  of 
effort,     li  mu  I  i»  > l  that  there  is  no  sharp 

line  of  distinction  between   the  details  of  different   kinds  of 
track  work.     In  other  words,   surfacing  is  not    complete  with- 
out lining:  and.  \ ..  i  ther  can  be  properly  executed 
attention  is  also  paid  i"  such  matters  s     tie-spacing, 

:i  .1  the  bolls  and  back-filling  with  ballast.  Very 
proper  judgment  1m  been  used  in  raising  a  stretch  to 
the  proper  height,  and  Ithough  it  has  also  been  lined,  back- 
filled and  thoroughly  tampi  :  II  very  soon  loses  its  good  rid- 
ing qualities.  The  commone  i  alibi  of  the  foreman  in  such 
:i  case  i-   that  "th.    ra  I  '  mui  b  to  be  able  to  do  any- 

thing   with    it."      1'pon    clo  ■  r    analysis    it    will    probably    be 
that   the   original    bent    splices    were    retained,    which 
naturally  soon  brought  the  rail  ends  back  to  their  old  crooked 
contour. 

Sometimes  failure  in  following  up  the  job  in  getting  every 
bolt  tight  is  the  cause  of  the  trouble,  for  loose  bolts  mean 
loose  joints,  which  in  time  mean  pumping  track  and  bent 
ends,  slewed  ties,  tight  gage  and  a  ruined  surface.  Further- 
more, it  is  not  to  he  expi  ti  '1  that  one  lift  without  subsequent 
touching  up  will  make  new  rail  out  of  old.  On  the  other  hand, 
the  best  practice  is  to  send  about  two  men  ahead  of  the  gang 
with  a  jack  to  raise  the  low  spots  and  level  the  joints.  This 
not  only  simplifies  the  work  of  the  gang,  hut  in  reality  makes 
their  job  a  second  application  of  the  worst  places.  Even 
that  does  not  end  thi    p  however,  tor  after  trains  have 

passed  over  the  section  for  several  days  irregular  spots  will 
appear.  These  should  he  promptly  corrected,  doing  all  the 
tamping  with  picks  and  being  sure  to  tamp  from  the  end  of 
tie  ties  to  about  a  fool  in  Idi  of  each  rail.  If  such  procedure 
has  been  followed,  this  particular  stretch  will  not  have  to  he 
touched  lor  several  rears.  It  will  be  smooth  and  safe  and  the 
life  of  the  rail,  together  with  all  its  fastenings,  will  have  been 
considerably  lengthened  About  the  only  attention  it  may 
require  is  the  occasional  tightening  up  of  a  few  loose  bolts 
or  the  touching  up  of  a   be.    spot. 

The  height  to  which  a  raise  should  be  made  is  somewhat 
dependent  upon  physical  conditions.  Raises  of  more  than 
six  inches  should  be  made  only  to  correct  irregularities  in 
profile,  to  get  above  a  low,  wet  spot,  to  provide  dit. 
cuts  or  to  get  a  Standard  depth  of  ballast.  A  raise  of  more 
than  six  inches  should  not  bi  made  in  one  operation.  It  is 
far  preferable  to  raise  twice,  making  the  second  lift  the  liuhter 
two;  otherwise  it  will  he  almost  impossible  to  gel  a 
uniform  surface.  A  raise  ol  less  than  two  inches  is  ol 
tionable  benefit,  for  it  does  not  allow  ..f  solid  tamping.  This 
matter  of  tamping  is  perhaps  the  most    Important,  as 

most  neglected,  sine),  operation  in  track  work.  Fore- 
are  in.t  persistent  i  i  ugh  in  making  the  men  tanjfl 
hardest  underneath  the  rail,  and  In  making  them  tamp  inside 
the  tails.  Furthermore,  in  th.  effort  to  cover  much  territory 
.ml  make  a  showing  the>  .1..  not  U  e  the  pick  Shovel  tamp- 
:  i.  air,  it  not  nearl>  as  permanent  as  pick  tamping 
or  pneumatic  tamping. 

The  sum  and  substance  of  all  the  foregoing  i  thai 
piece  of  track  must  be  Btudled  in  detail.  The  foremen  and 
i  .  ,-ors  are  the  doctoi  .  and  the  t<  st  of  their  ability  Is  not 
Onlj  In  curing  a  certain  roughness  in  the  track,  but  ill  l"'e 
venting  or  delaying  the  appearance  of  anj  Irregularltli 
must  be  thorough;  and,  rather  than  cover  much  territory, 
should  be  trained  to  do  perfectlj  whatever  they  undertake. 
Making  speed  slowly  is  the  cheapest  practice  In  the  h>"8  run- 
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Track  Stresses   Studied    Photograph- 
ically* 

in  vi.-u  hi  the  widespread  interest  which  engineers  and 
metallurgists  are  taking  is  the  question  of  the  magnitude  ol 
ih,  -11  issee  which  exist  in  rails  in  service,  it  is  interesting 
to  note  thai  the  art  of  photography  has  been  applied  to  the 
study  of  this  problem  bj   H.  F.  Roach,  president  ot  the  Rein 


A    Light    Locomotive   at   Starting   Speed   With   a   Graph   of   Rail    De- 
flections on  a  Vertical  Scale  400  Times  the  Scale  of  the 
Photograph. 

forced  Rail  Joint  Company,  St.  Louis,  Mo.  In  this  investiga- 
tion, Mr.  Roach  has  photographed  locomotives  and  the 
deflections  which  they  produce  in  the  rail  in  a  way  which 
has  magnified  the  deflections  many  times  vertically  without 
distortion  horizontally  to  enable  them  to  be  studied  more 
intelligently. 

This  method  of  photography  has  been  applied  to  the  study 
of  the  action  of  rails  in  the  eastbound  track  of  the  St.  Louis- 
San   Francisco   near  South   Webster,   Mo.,   under    (1)    a   light 


A  Heavy   Freight  Locomotive  Traveling  at  25   Miles  Per   Hour  With 

a   Graph   of   Rail    Deflections   on   a   Vertical   Scale  400  Times 

the  Scale  of   the  Photograph. 

passenger  engine  starting  from  a  stationary  position,  produc- 
ing a  maximum  stress   in  the  rail  of  61,390  lb.  per  sq.  in.; 


(2)  a  locomotive  pulling  a  heavy  passenger  train  at  a  speed 
of  55  miles  per  hour,  resulting  in  a  maximum  stress  of 
::t;,Sl(i  lb.  per  sq.  in.,  and  (3)  a  heavy  freight  locomotive 
traveling  at  25  miles  an  hour,  producing  a  maximum  stress 
,1  13,030  lb.  per  sq.  In.  The  trach  on  which  these  observa- 
tions were  made  is  laid   with  HO  Hi.   A.   S.  ('.    K.   rail   supported 

,,n  good  ties  Imbedded  in  chats  ballast  and  with  good  drain- 
age The  trach  at  the  point  of  observation  is  tangent.  The 
illustrations   show    the   locomotives    passing    over   the   track    in 

question  and  the  graphs  of  the  distortion  which  they  produce. 
In  a  report  to  P.  G.  Jonah,  chief  engineer  of  the  St.  Louis- 
San  Francisco,  Mr.  Roacb  claims  that  the  method  of  investi- 
gation makes  it  possible  in  determine  (1)  the  rail  stresses 
at  any  point  for  any  position  ol  load  or  loads;  (2)  the  points 
ol  maximum  stress;  (3)  the  stress  in  rail  joints  at  any  point 
and  toi  any  position  of  load  or  loads;  (4)  the  effect  of  the 
counterbalance  of  the  locomotive  drivers  both  collectively 
and  individually,  and  also  whether  the  equalizers  are  prop- 
erly installed  so  as  to  distribute  the  load  over  the  respective 
drivers  as  intended;  (5)  the  tie  reactions,  and  (6)  the  wort 
being  done  by  the  ballast.  Attention  is  also  directed  to  the 
tact  that  with  a  high  grade  moving  picture  camera  with  a 
fast  bus  as  many  as  800  pictures  per  second  may  be  taken 
which  will  make  it  possible  to  take  a  picture  of  the  track  for 
every  1%  in.  of  progressive  movement  of  a  train  moving  at 


A   Heavy  Passenger  Locomotive  Moving  at  the  Rate  of  55   Miles  Per 

Hour  With   a  Graph   of  Rail    Deflections  on   a  Vertical  Scale 

400    Times   the   Scale   of    the    Photograph. 

a   speed  of  60  miles  an  hour,  by  which  means  the  complete 
distortion  of  the  rail  can  be  shown. 

Mr.  Roach  has  applied  for  a  patent  on  this  development. 


Reclaiming     Old      Rails     by     Clipping     Damaged      Ends. — 
The   Nashville,   Chattanooga    &    St.   Louis    Ry.    expects    to 
start  operating  its  new  rail  clipping  plant  at  Nashville  about 
May  15.     The  cost  of  the  plant  is  said  to  be  $30,000. 

About  one  foot  of  each  worn  end  will  be  clipped  off,  the 
webs  rebored,  and  the  rails  returned  to  service  practically  as 
good  as  new,  except  for  the  slight  shortening.  It  is  expected 
l hat  several  thousand  tons  will  be  thus  reclaimed  this  year. 


•From  .The  Railway  Age. 


Great  Improvement  in  Safety  of  Railway  Operation. — The 
Interstate  Commerce  Commission  announces  that  there  were 
fewer  fatalities  on  American  railways  in  1921  than  in  any 
other  of  the  34  years  for  which  full  accident  figures  have 
been  tabulated.  Employes  killed  numbered  1,096,  or  48  per 
cent  less  than  in  1920.  Passengers  killed  numbered  205,  a 
reduction  of  24  per  cent  from  1920,  and  the  smallest  number 
of  any  year  except  1895,  1896  and  1915.  The  total  number 
of  non-trespassers  killed  showed  a  reduction  of  28  per  cent 
from  the  preceding  year,  but  fatalities  to  trespassers  in- 
creased 14%  per  cent. 
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When    Preservative  Treatment  of  Wood    Is 
an   Economy 

Although  ;iiiy  s«-[  of  in!.  •  ile  more  resistant 

preservative  1  ea( al  mas   no) 

i    mlcal,  «-\  ••!»   i  '•    to   be 

it   the  timbers 
toi   .1  shorl   time  only,  durability  is  un- 
important,  and    any    kind  tmeni    would 
:   money.     If.  on  the  other  band,  the 

•  irall]    hi   |n«    durability    and  d   in  ;i 

Ive  ti  ea1  mi  nl   to 

show    . 

anj  number  ol  instances  in  which  II        i  more  difficult  prob- 
■  mine  whethi  r  or  i  live  treatment  will 

if  a  Umber  user  knows  the  average  lif<    that   treated  and 
untreated  timbers  are  giving  and  thi    i  isl  ..i  each  in 

l  > pute,  « itii  i  .ii.    table, 

■  t i \ ••   annual   rusts   of   maintaining   the    two       A    mini' 
tor  may  have  found,  for  example,  thai    untreated  tlm- 

.  i  -   and   that    their 
iet       Vssuming  an  Interest   rate  of  7 

•  t.  the  table  shows  that   timbers  which  need   n 
ment  everj    2  years  cost   annual!     (0.553  on  everj    dollar  of 
their  cost  in  place.     For  the  $6  set,  then,  the  annual  main- 
tenance cost  would  lif  >'.  times  $0,553,  or  $3  32.    Treated  tint- 

:   ma]   Bnd,  l-im-  an  averagi    life  ol   ii  years  and 
■    |  Phe  annual  charge  on  timbers 

with  a  14-year  life  is  found  In  the  table  to  be  $0,116  on  each 
dollai  I   m  place     The  annual  cost   "i   maintain- 

ing   t:  ited    set,    therefore,    would    be    7..".    times 

rvative   treatment,   then,    would  save 

•  :    annually   $2  15   pi 

I:  a  timber  user  knows  thi  ited  and  untreated 

Umber  and  the  average  life  of  the  untreated  timber  only,  he 

•  how   long  treated  timber  would  have  to  last  to 
;    as    untreated    timber.     In   the   case   discussed 

;:.•■   untreated   Umber  cost    $6   in   place;    the  treated, 

intreated  Umber   was  lasting  2  years.     The 

annual  charge  on  the  untreated  set   was  found  to  be  $3.32, 

and  since  the  annual  charge  on  the  $7.50  treated  set  is  to 

this,  we  maj  tion,  7. a  x  y=:$3.32;  then 

annual  charge ne  dollar  expenditure)  =$3.32  -e-  7.5, 

and   looking  along 

tin'   7   per   cent    interest    tat.-   row,   we   Bnd   that   an   annual 

on  the  dollar  falls  between  thi-  2-year  and 

■hi  1  >  at  a   in. ini   equivalent  to  about 

ear    life        li    can    readily    be    si-en    from    this    that    if 

treatment   adds   on  rear   to   the   life   of   the   limbers. 

it   would   pay   for   itself,   and    the   user  Could   be   sure    from    the 

■  rs   'bat    it    would   add   mueli   more   than   this 

and  would  therefore  be  profitable. 

If    untreated    timber    is    chine    Ions    life,    treatment    might 


not    !■ --nil    in   great   savings      However,  very  often   n   might 

be     possible     t"     substitute     lor      mch      timber     a      Healed     lower- 

grade  material  that   would  give  as   long  or  longer  life  with 
an   annual    m aintena ,,, ,    ,,,,-,     which    would   compare  very 
tavorablj   with  that  of  the  better-grade  untreated  Umber. 
Thei  out    oi    the    u 

treated  Umber  which  Bhould  m  ooked,  although  they 

maj    not    seem   so   Important   as   cutting   down   malnti 
costs     As  decaying  timbers  are  highlj   Inflammable,  pi 

,!,;i1 nt,   b]    keeping    the    wood    sound,    reduces    the. 

'"••    hazard      Then,  a   well-preserved   timber   maintain 

"  over  b  lonj  i  ime,  «  bile  a  decaying  timber 

rapidlj    loses  us  Btrength.     Preservation,  by  lengthening  thi 
life  of  timber  ami  b>   permitting  the  use  of  low-grade 
rial,  also  b.ips  conserve  a   I  mbei    user's  resources  and   the. 
nation      tin   -       upplj 


Contracting  Railway  Maintenance 

The  United  State     Ri  Labor  Hoard  on    Ma]    L0  ruled 

thai    anj     railroad    "farminf  i  op    and    main!,  n 

work   for  the  alleged   pm  i :    removing   ils   employe:-   from 

the  protection  or  benefll  I  ran  poi  tatlon   an.   or  the 

lurisdiction  ol   the  laboi    board,  is  in  direct   violation  of  the 

provisions   of  the  act       Tin     mailer   undoubtedly   will   be  taken 

10  the  courts  for  settlement. 

Some  of  the  Cases  Involved,  lie     Bulletin  of  the  National 

Citj    Bank   ol    Ni  -.    ■>  oi  I  he    follow  Ing    maun-  - 
contracts  recentlj   mail. 

The  Erie  R.  it.  has  awarded  contract  tor  maintenance  of 
wa>   and  repair  work  on  ih.    Ohio  region,  covering  ion  miles 

of   mi'/n   track,   to   the    Dickson  Construction   <v    Repati 

This  completes  the  contracting   tor  all   the  maintenance  work 
of   the   Brie   co  entire   system.     The   officiate 

i  in  |   ex  pect  more  effli  ii  i  >ng    .•-  ith  a  sa\  ing  h 

b]    this    method. 

Scranton,    Pa.,    .March     7       The    Delaware.     Lackawanna    & 
Western   R.  R.  Co.  will   hereafter  have  all  the  freight  at    its 
bit;  transfer  station  in  flu-  city  handled  by  contract.     Downey 
Bros.,   of   Binghamton   and    Rochester,    were   tods 
the  contract. 

About  100  men  are  employed  at  the  station.  This  will  be 
the  third  Lackawanna  freight  station  operated  by  private 
contractors. 

Baltimore,  March  8.— The  Western  Maryland  Ky.  vest- 
announced  to  its  3,00n  maintenance  of  way  employes  that  at 
midnight  the  Dickson  Construction  &  Repair  Co.  of  Yourgs- 
tow  ii.  O.,  would  assume  control  of  maintenance  of  way  work 
on  the  entire  system.  Tin  Youngstown  firm,  which  will  un- 
dertake the  work  on  a  contract  basis,  plans  to  retain  the 
railway  company's   i-  -    of   laborers,   it    is  said,  with 

wages  reduced  from  39%  ..-ni-  in  25  cents  per  hour. 

The  move,  which  follows  the  placing  of  the  repair  shops 
at  Baltimore  and  Cumberland  on  a  contract  basis,  was  de- 
scribed by   road  Official!    a      al     economic   measure. 
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Possibilities  in  Liquid  Air  Explosives 

Equipment,  Methods  and  Comparative  Costs  Outlined  by  French  Engineer  in  Aiticle  in 

the  Compressed  Air  Magazine 
Bj    EUGENE    BOY, 


Chlel    Engii  •  ■  <     S«x  l<  ti    de  Pom   a   M< 

The  use  in  Germany  of  liquid  air  explosives  (alreadj  known 

;iM,i   tried    in  other   countries)    was   developed    to   a    marked 

owing  in  the  scarcity  of  nitrates  caused  bj   the  block 

the  war  which  did  not  allow  the  usual  shipments 

of  Chilean  uitrates  to  be  made.   The  use  oi  the  Habei   pi 

manufacture  of  synthetic   nitric   acid    wa     reserved 
ivelj   for  the  preparation  of  explosives,  and  this  factor 
mitted  Germans    to  lengthen   hei    re  I  itance     II 
comes   interesting  to  consider  the  results  which 
ibtained  with  this  type  of  explosive  and  what  may 
ted  "i  them. 
The  Brs(   experiments   were  made  in   1897   when   thi 
ratus   conceived   by    l.inde   for   the   liquefaction    oi    air    was 
already  sufficientlj  improved  to  permit  of  obtaining  liquid  air 
in  industrial  quantities     More  positive  trials  ami  on  a 
scale  followed   from    1898  to  1905  during  the  drilling  of  the 
Simplon  gallery.    A  little  later,  liquid  air  explosives  were  tried 
in  the  mines.    In  France  they  were  successfullj    Hud  in  the 
iron  mines  of  the  Briey  district  between    1909   and    1914   and 
particularly  in  the  mines  of  Aubone  and  Droitaumoni    (Meur- 
i  Moselle). 

Ing    the   war   after   making  the   necessary   experiments, 
the   us.'  ui    liquid   air  explosives  became  general    in   the   iron 
oi    Lorraine  and   numerous  applications   were   made   in 
coal  mines,  particularly  in  Upper  Silesia. 

We  "ill  particularly  consider  the  process  of  preparing  and 
plosivi  advantages  and   inconveniences  and 

since  the  problem  is  for  the  purpose  of  obtaining 
liquid  ah  economically,  or  to  be  more  exact,  liquid  oxygen 
because  it  is  this  element  of  atmospheric  air  which  is  utilized. 
we  will  studj  the  different  systems  which  serve  to  produce 
liquid  oxj  gen. 

ubstance"  carries  in  itself  all  the  elements 
Oi  combustion  of  which  oxygen  is  the  most  important  com- 
ponent. Mori'  often  the  reaction  of  decomposition  does  not 
always  result  in  a  predetermined  state  of  the  elements  enter 
inn  into  the  reaction.  The  quantity  of  oxygen  present  affects 
to  a  great  extent  the  nature  of  the  resultant  gases.  This 
observation  has  a  great  importance  when  it  concerns  explo- 
sives to  be  used  underground  where  the  production  of  delete- 
rious gases  is  a  hindrance  for  the  good  performance  of  the 
work.  When  the  oxygen  is  in  excess,  the  combustion  is 
complete. 

Liquid  air  explosive  is  simply  a  combination  of  a  combusti- 
ble matter  such  as  charcoal,  lampblack,  cellulose,  petroleum, 
sulphur  or  aluminum,  etc.,  soaked  in  liquid  oxygen.  Generally, 
the  cartridges  consist  of  a  paper  wrapper  containing  pulver- 
ized carbon  such  as  lampblack  intimately  mixed  with  inerl 
matter  such  as  diatomaceous  earth. 

This  cartridge  is  soaked  in  liquid  oxygen  right  on  the  spot 
where  it  Is  utilized  and  just  immediately  before  it   is  used.    Up 


Lead    B;ock   Won    Hole   Drilled 


Effect  of   6   Ounces   of    Dynamite. 


es  of   Liquid   Air    Explosive. 


Lead  Block  Tests. 
to  the  time  of  soaking,  it  is  naturally  evident  that  the  car- 
tridges and  liquid  oxygen  carried  apart,  one  from  the  other, 
do  not  offer  the  slightest  danger.  The  cartridge  if  soaked  and 
lighted  in  the  open,  simply  burns  very  rapidly,  and  it  only 
becomes  explosive  after  having  been  tamped. 

By  varying  the  composition   of  the  cartridge,   one   may   at 
will    vary    the   breaking    capacity    of    the    explosive.     It    is    a 


CUriOUS    feature    Which   distinguishes    it    plainly    from    an    explo 

sivi  of  definite  composition.  One  tnaj  obtain  slow  effects  bj 
taking  a  combustible  oi  ci  arse  main  or  bj  having  the  carbon 
diluted  with  Inerl  matter,  either  diatomaceous  earth  or  pul- 
verized rock  salt.  The  results  then  obtained  can  be  com- 
pared  to  those  of  the  Bo-called  progressive  powders  such  as 
black  powders  or  i  ie  German  sprensaltpeter.  On  the  contrary, 
,me   may  obtain   greater   breaking  effects  by  taking   a   com- 
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Preparation    of    Cartridge     Before    Introduction     Into     Drill     Hole- 
Soaking   Into  the   Double   Wall   Vase  Containing   Liquid   Oxygen. 

bustible  richer  in  carbon,  more  finely  pulverized  or  further, 
by  adding  a  metallic  powder,  t he  oxidation  of  which  is  char- 
acterized by  a  strong  heat  of  formation  such  as  aluminum  for 
instance  We  may  then  obtain  breaking  effects  superior  to 
those  of  all  explosives  known  at  present  as  dynamite  or 
melinite.  By  varying  the  proportion  of  these  materials  in 
constant  trials  there  has  been  worked  out  what  is  known  as 
the  "Weber"  formula  named  after  its  inventor,  an  engineer 
of  the  firm  of  de  Wendel  of  Hayange  (Lorraine),  for  the 
manufacture  of  an  explosive,  the  breaking  effect  of  which  is 
two  and  one-half  times  greater  than  that  of  dynamite. 

The  trials  on  the  block  of  lead  are  instructive  as  shown  in 
the  illustration.  Figure  1  shows  the  lead  in  trial  block  with  a 
a  cylinder  eight  inches  in  diameter,  ten  inches  high,  drilled 
with  a  hole  one  and  one-half  inches  in  diameter  and  eight 
inches  deep. 

Figure  2  shows  the  effect  of  a  load  of  six  ounces  of  dyna- 
mite. Figure  3  shows  the  effect  of  a  load  of  two  and  one-half 
ounces  of  liquid  air  explosive  (Weber  formula)  where  one 
sees  that  the  bottom  of  the  testing  block  has  been  carried 
away, 

A  comparison  between  Figures  2  and  3  needs  no  further 
comment.  The  greatest  degree  of  detonation,  hence  the 
greatest  breaking  effect,  appears  plainly  in  the  case  of  the 
trial  with  liquid  air.  This  formula  seems  to  be  particularly- 
well  adapted  for  the  breaking  of  the  steel  blocks. 

We  have  seen  above  that  the  soaking  of  the  cartridge  into 
liquid  air  must  be  done  at  the  time  of  using  it.  Liquid  air 
in  reality  is  obtained  at  a  temperature  exceedingly  low 
(-190  degrees  C.i,  about  310  degrees  F.  and  therefore  at 
normal  temperature  it  evaporates  rapidly.  It  is  essential  to 
operate  rapidly  and  as  quickly  as  possible.  It  is  also  neces- 
sary to  shoot  within  several  minutes  after  the  soaking.  After 
about  ten  minutes  the  cartridge  loses  its  efficiency  and  may 
give  no  results.  After  half  an  hour  it  possesses  no  explosive 
qualities. 

The  necessity  of  performing  rapidly  the  tamping  and  the 
blasting  therefore  does  not  allow  of  firing  simultaneously  a 
great  number  of  holes.    However,  it  is  possible  to  blast  thre« 
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or  lour  mines  al  the  same  time  •  suits  ol  1 1 1 < ■ 

explosive  may  eaailj  oompen  renlence 

The  tendency  ol  liquid  air  i. 
in  transportation  to  the  beading 
-mis  w bleb  baa  retarded  its  usi 

red  todaj  bj  the  u  •  nritb  double  walls 

\  arm. 1. 1     i  aporatlon  Is 

about  0  •".  per  cent  per  hour  for  the  small  vaaes  of  three  to 

tour  gallons  capacity  and  tall  cenl  per  hoi 

the  vases  of  ten  gallons  capacity      rherefore  these  losses  are 

re  and  <io  uol 

The  al  the  time  of  pouring  off  the  liquid 

Into  the  soaking  vase.    It   is  ool    possible   here   to  have   the 

"slender  collar"  which  reduces  the  •  i  iporating  surface.    The 

soaking  vase  which  is  placed  at  thi    ill  po  Won  ol  each  miner 

a  double-walled  vessel  made  ol    heel  brass  or  Bilvered 

glass  which  may  contain  trldges.  The  miner  pours 
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Section  Through  5-Liter  Vase. 
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Vase    for    Preparing    Cartridges. 

out  Inti  certain  quantity  of  liquid  oxygen  wherein 

In-    dips    the    cartridge    to    absorb    the    liquid    for    about     ten 
minutes'  time. 

Some    of    tin-   accompanying    illustrations    show    the    vase 
for  transportation  and  soaking. 

The    following   data   will   give   an   idea  of   the   useful   effect 
and  the  losses  incurred  in  using  liquid  oxygen  as  an  explosive: 
A  three  and  one-half  ounce  cartridge  absorbs   two  and  one- 
half  to  three  times  as  much  of  liquid  oxygen.    In  counting 
ses  one  may   prepare   three  cartridges   with   one  liter. 
To  produce  100  liters  of  liquid  oxygen,  it   is  necessary  to  use 
seven  pounds  of  caustic   potash   and   five   pounds   of  chloride 
of  calcium  for  drying  the  air  and  300  kilowatt-hours   for  the 
work  of  liquefaction.    The  effect  produced  by  a  liter  of  oxy- 
gen is  more  or  less  equal  to  that   given   by: 
a — 2.2   lb.   of   black   powder. 
b — 14   OZ.   of   dynamite. 

With   these   figures  and   knowing   each   particular  case,   the 
price  of  explosive  black  powder  an.!  dynamite,  the  surround- 
ing  conditions   and    the   price   of  electric    current,    it    will    he 
possible  to  figure   the   economy   which   may   result   from    the 
Of  liquid  air  a.-  an  explosft  e. 

To  sum  up  the  advantages  of  liquid  air  explosives  are  the 
following: 

1.  Possibility  of  adapting  the  exploBlve  to  the  kind  of  rock 
which  is  to  be  blasted  in  varying  the  breaking  effect 

2.  Facility  of  manufacture  of  the  cartridges, 

3.  Greater  degree  of  safety  in   manipulal 

4    Absence  of  smoke  and  deleterious  gases;    combustion  is 
complete  owing  to  the  axi 

i  Inquestlonable  saving  m  ■ 

We  ■  add  that  this  explosive  in  its  present 

tiered  as  e     afet;  In  dusty 

v  mines  anil  that  its  use  in  collieries  where  the  com- 

bustibli  i.d    everywhere    around    will    have    to    be 

watched    carefully.      Even     with    th(    ■  u-     field    of 

appllci  •  i  rtheless  of  wide  extent. 


Detroit's   Danger 


The    Electric    Railway    Journal    ol    April    22    contains    the 
following  pertinent  editorial  relative  to  tin-  complete   D 
palliation  of  ■  Uwa)  b  of  i  ii  I 

Mayor  Co  put   into  full 

•  la  Idea  or  how  best  to  run  a  municipal  stre.t  railway. 

At  the  election  then  on  Mood  I  their  ballol 

m  in  his  effort   to  municipalize  the  entire  city 

i.    The  Detroit  I'nlted  City  i. ires  win  be  taken  over 

price  ol  $18  I   with  a   down   purchase 

of  12,770,000,  the  rest  of  the  price  to  be  paid  In 

( 


The  present   municipal  system   will  now   be  tied     In   with  the 
lines  which  the  Detroit   United  has  been  operating,  and  the 

I   tilted   Slates   will   witness  the   most    important   experiment  in 
municipal    ownership   Of    a    city    railway    system    so    far   made 

m  tins  country, 

Jim   Cousena   is  a   big  man.     He   has  a  genius  for  getting 

things  done.     The   wisdom  ol    his   ways   may    be  open   to  quea- 

but    then-   is   no   controverting    the    fact    thai    the   wcrk 

ol  building  the  municipal  road  s  i  far  constructed  during  his 

adminl  tratlon  of  affairs  In  Detroit  has  I n  carried  out  with 

celerity.  While  he  Is  In  office  his  best  efforts  will  undoubtl 
edlj  be  devoted  to  the  careful  management  of  the  road  along 
hues.  But  Jim  Couzene  I  an  anachronism  In  America! 
public  life.  When  the  day  arrives  that  he  goes  out  of  office 
Detroit's  troubles  will  begin  In  earnest  For  If  Detroit  runs- 
true  to  American  political  rorm  the  likelihood  is  very  remote 
of  that  city  electing  as  hit  successor  a  man  with  either 
qualifications  for  office  or  his  determination.  It  is  here  tl 
danger  lies  ahead  for  I  letrolt 
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Railway  Maintenance  by  Contract  Prior  to 
the  Civil  War 

While    it    is    quite    generally    known     that     railway     main- 
tenance by  contract  long  antedates   the  present  controversy 
over  that   subject,   it    is   ol    Interest    to   note   that  such   con- 
were  in  effect    li  es,"  ami   apparently   with 

satisfactory   results,     What    follows   is   taken  from  a   i 
report  or  bulletin  of  the   Pennsylvania  K.  It.: 

"The    first    mention   ol  contract    system   on    the    I'hila- 

i.    Wilmington    &    Baltimore    R.    R.    is    in    the    annual 
i     tor    I  v >  i       Samuel     M.    Felton,    Sr.,    president,    said* 
a    plan    had    been    •examined    and    discussed.'    and    n 
being,  in  his  opinion,  adapted  to  secure  the  gi 
economies    both   in   labor   and    materials.     He   predicted   its 
al   adoption   throughout    tlie   country. 

"In  the  report  for  the  next  year  Mr.  Felton  states  that  the 
'contract  systei  i  1  •  !  in  partial  operation  for  the 

latter  six  months  of  the  year  and  had  effected  a  saving  of 
$33,070  in  operatim  Expenses   for   the   first   half. 

When  no  contracts  were   in   effect,  were  $209,083  and  for  the- 
i    half,  $176,013.     A    typical   comment  from  the  annual 
rep, nt  of  1856  follows: 

"  'All  the  trains  are  now  run  at  a  stipulated  price  per  mile, 
including  repairs  and  renewals  of  locomotives,  fuel,  oil  and 
waste  and  wages  of  engimmen  and  firemen.  The  labor  on 
repairs  of  road  is  also  furnished  by  contract.  The  freight 
business  is  paid  for  by  tie  ton  in  all  its  details,  including 
loss  and  damage  and  wages  of  conductors  and  brak.ni.  n. 
The  fuel  for  all  the  stat  Bteamboats,  cars  and  for 

the  ferrj  is  furnished  tor  a  stipulated  sum  per  year.  This 
system,  more  effectually  than  any  other,  brings  to  bear  upon 
tIi.-  affairs  of  tin-  company  the  .lenient  of  individual  respon- 
sibility, the  true  element  of  success  in  any  business.' 

"In    the    annual    report    ol    185S    Mr.    Felton    attributes    the 
rity    of    train    movements    and    practical    freedom    from 
accidents  to  the  operatii  contract    system.     In  the 

report  for  1860  Mr.  Pelton  said  the  work  is  Letter  and  more 
cheaply  done  and  with  more  regularity  and  safety  than  under 
the  old  system.  "We  feel  confident  that  in  our  case  it  has 
contributed  largely  to  the  Mnr,.,s  of  the  road. 

"The  broad   BCOpe  Ol    I  tracts   is   indicated   bj    an  entry 

in  the  directors'  minute  book  showing  that  on  June  17.  1S58. 
President  Felton  reported  thai  responsible  parlies  had  sub- 
mitted offers,  for  one  year,  lo  supply  under  contract  all 
wood,  oil  and  waste;  to  keep  engines  in  repair  anil  furnish 
men  to  run  them;  to  furnish  labor  to  keep  the  road  in  re 
to  lay  new  track  and  turnouts  not  exceeding  seven  ml 
furnish  all  labor  in  the  freight  department  and  clerical  hire; 
and   to  take  all  risk  and  damage  to  freight  in  transit   ami  all 

loss  oti  freight   in  colic,  lion      President    Pelton  recoi mded 

acceptance  Ol   these  offers,  which  the  hoard  approved 

The   contrail    system   on    the    Philadelphia,   Wilmington   & 
Baltimore  K    R.   proper  pas  ed   out   of  existence  during  the 
Civil    War      On    the   affiliated    branch    lines    in    the    Del 
Peninsula  remnant    ol   It     urvived  about  two  years  afti 

(lose    Of    the    COnfllCt. 

Then  me  when  the  public  took  an  attltudi 

railroads  he  damned,  but  today  they  are  learning  that  to 
damn  i  ne  laiiroads  is  to  damn  national  prosperity  Chicago 
Journal  of  Commerce. 
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Methods  of  Treatment  of  Slides  and 

Soft    Spots    in    Excavations 

and  Embankments 

The  methods  employed  and  the  results  secured  in  the 
treatment  ol  Blidlng  nits  and  tills  an  In  excava- 

tion and  embankment  were  described  by  a  subcommittee  of 
the  Committee  on  Roadway  of  the  American  Railway  En- 
gineering Association,  in  a  report  submitted  at  a  recent  23rd 
annual  convention  of  the  Association.  The  subcommittee, 
of  which  C.  A.  Haley  was  chairman,  sent  a  questionnaire  to 
15  of  the  larger  railroads  in  different  parts  of  the  United 
and  Canada.  The  replies  were  embodied  in  the  re- 
,u  abstract  of:  which  follows: 

Slides  will  he  treated  in  two  classes,  namely: 
v     sut  fare  slides  ol  small  volume. 

Class  "B" — Slides  or  slips  of  great  volume  which  do  not  as 
a  rule  come  as  an  avalanche  hut  are  of  slow  movement 

Surface  slides  occur  in  nearly  every  class  of  material  and 
combination  or  mixture  of  materials,  except  rock,  in  both 
excavations  and  embankments  and  are  caused  largely  by  the 
ground  becoming  saturated.  The  extra  weight  of  the  water 
in  the  ground  upsets  the  equilibrium  and  reduces  the  cohesion 
and  a  slide  is  the  result.  In  North  climates  the  action  of 
frost  greatly  facilitates  the  action  of  the  water  by  opening 
up  crevices  and  making  the  ground  porous. 

Treatment  of  Surface  Slides  in  Excavations. — Surface 
water  should  be  kept  from  the  face  of  cuts  as  much  as  possi- 
ble by  the  use  of  intercepting  ditches  constructed  well  back 
from  the  top  of  cut.  These  ditches  should  be  constructed 
with  eare  and  should  be  well  maintained  so  as  not  to  let 
pockets  form  to  hold  water  that  will  eventually  soak  into 
the  ground  and  may  be  the  cause  of  a  slide. 

Good  results  have  been  obtained  in  deep  cuts  where  ex- 
cavations have  been  taken  out  in  such  manner  as  to  permit 
it  by  the  construction  of  ditches  on  a  table  or  shelf  part  way 
up  the  slope  and  the  water  carried  off. 

Where  cuts  have  a  large  number  of  springs  on  their  sur- 
face, small  concealed  tile  drains  have  been  laid  down  the 
slopes  to  the  ditches  in  order  to  keep  the  water  from  the 
numerous  springs  and  saturating  the  soil. 

In  many  cases  excellent  results  have  been  obtained  by 
facing  cuts  with  layer  of  engine  cinders  or  fine  slag  about 
6  in.  deep.  This  tends  to  distribute  any  water  reaching  the 
face  of  the  cut  and  prevents  cutting,  and  also  lessens  the 
anion  of  the  frost.  Where  this  method  is  used  the  cut 
should  be  faced  to  a  reasonably  true  plane  before  the  applica- 
tion of  the  coating. 

In  cities  and  towns  sodding  of  slopes  has  been  carried  out 
with  good  success,  but  on  account  of  the  cost,  this  method  of 
treatment  has  been  confined  mostly  to  densely  inhabited  dis- 
tricts where  the  esthetic  value  of  this  method  is  given  con- 
sideration. 

The  planting  of   vegetation    (not  trees)    on   the   slopes   of 

cuts   has   proven   very   successful   in   the    cure   of   slides.     A 

mixture  of  seed  that  has  been  found  very  desirable  for  this 

purpose,    in    climates   where   it   will   grow,    is   two   parts    by 

I   of  alsyke.  two  parts  alfalfa  and  one  part  blue  grass 

seed.    Where  the  soil  is  poor  it  is  desirable  to  enrich  it  with 

pings  or  manure.     Small   wooden    stakes   should 

riven    into  the  ground  at  about  12   in.   centers  to  hold 

the  dirt  and   vegetation  until   the  roots   are   long   enough   to 

get  a  good  hold  in  the  original  soil.     It  is  also  well  to  sow 

oats  or  rye  with  the   seed  as  this  shades  and   protects   the 

smaller    grass.      The    real    success,    however,    in    obtaining 

growth  of  vegetation  on  cuts  to  assist  in  preventing  slides  is 

to  properly  care  for  the  young  grass  for  the  first  couple  of 

years.     Mowing   should    be   done   frequently    and    the   grass 

should  not  be  allowed  to  go  to  seed.     Japanese  honeysuckle 

and  Bermuda  grass  have  also  been  planted  on  cuts  with  good 

;  results. 

Treatment  of  Slides  of  Embankments. — Small  slides  ot 
embankments  are  treated  in  practically  the  same  manner  as 
-above  mentioned  in  cuts  except  for  the  drainage.  The  slopes 
have  been  sodded  and  faced  with  cinders  in  a  manner  similar 


to  the  treatment  of  cuts  and  with  equal  success.  The  flatten- 
ing  of   the    slope   and    the   weighting    of  the    too   of   the   slope 

with  derrick  rip  rap  where  it  is  practical  to  do  so.  and  where 
tin-  toe  of  the  slope  is  subject  to  the  action  of  running  or 
Btanding  water,  has  proven  successful.  Embankments  that 
have  given  trouble  for  a  long  time  when  treated  in  this 
manner  have  become  stable.  In  on.'  ease  it  was  necessary 
to  place  rip  rap  well  out  in  the  bed  of  the  stream  to  accom- 
plish the  desired  result.  Where  the  embankment  is  not  sub- 
ject to  the  action  of  water,  the  use  of  either  two  or  three 
man  rip  rap  will  answer  the  purpose  equally  well.  The  same 
result  has  been  accomplished  by  the  construction  of  a  false 
benn  approximately  one-third  the  height  of  the  embankment. 

In  low-lying  country  where  there  is  a  large  amount  of  sur- 
face and  ground  water,  considerable  trouble  has  been  ex- 
perienced in  holding  fills.  To  overcome  this  ditches  have 
been  dug  near  the  right-of-way  line  some  distance  from  the 
toe  of  the  slope  and  the  ground  water  level  lowered  with 
exceedingly  good  results.  The  depth  of  the  ditches  to  be  dug 
depends  on  the  fall  that  can  be  obtained. 

In  some  cases  where  the  slides  are  of  a  minor  nature  a 
timber  crib  or  loose  stone  retaining  wall  built  in  the  toe  of 
the  slope  on  an  angle  approximately  equal  to  the  angle  of 
-lope  has  proven  effective. 

Large  Slides  or  Slips. — Slides  or  slips  of  great  volume  are 
hard  to  remedy.  Each  case  must  be  studied  and  the  cause 
determined,  if  possible,  and  this  cause  then  removed.  In 
nearly  every  case  it  is  underground  water  or  seepage  that 
causes  the  trouble. 

When  a  study  has  been  made  of  the  movement  and  its 
cause  determined  it  is  generally  found  that  the  slipping 
occurs  on  a  strata  of  inclined  rock  or  clay.  Sometimes  the 
strata  of  clay  is  only  an  inch  or  so  thick.  Water  reaching 
the  strata  of  rock  or  clay  is  retained  and  forms  a  lubricant 
which  upsets  the  equilibrium  of  the  mass  and  the  slide  starts. 
The  remedy  is,  of  course,  to  intercept  the  water  and  to  pre- 
vent it  following  the  strata. 

The  following  are  some  interesting  experiments  which 
have  recently  been  carried  out: 

Curing  Slide  by  Intercepting  Ground  Water. — An  instance 
in  which  the  water  was  intercepted  on  a  strata  of  clay  about 
100  ft.  below  the  surface  of  the  ground  and  which  has  proven 
successful  in  curing  serious  slide  is  reported  by  the  Kanawha 
&   West  Virginia  R>\: 

Holes  were  drilled  about  75  ft.  back  of  the  top  of  slope  of 
the  cut  and  75  ft.  apart.  A  total  of  11  holes  were  drilled 
ranging  from  95  ft.  to  about  130  ft.  deep.  These  holes  were 
from  110  to  190  ft.  from  the  center  line  of  the  main  track. 
They  were  drilled  from  8  to  10  ft.  into  a  soapstone  formation 
on  top  of  solid  rock  20  to  25  ft.  below  grade.  It  was  necessary 
to  case  the  top  part  of  the  hole  in  the  sand  clay  and  boulders, 
the  balance  of  the  hole  standing  in  good  shape  without 
casing.  As  soon  as  the  hole  was  drilled  it  was  sprung  and 
immediately  loaded  and  shot.  About  100  lbs.  of  dynamite 
was  placed  in  the  bottom  of  rock  shot  and  about  75  lbs.  in 
the  upper  or  blue  clay  shot  which  was  placed  about  at  the 
grade  of  the  track  or  a  little  below.  The  holes  were  filled 
between  the  lower  and  upper  shots  with  sand.  The  holes 
had  to  be  loaded  and  shot  quickly  after  cleaning  them,  as 
the  water  ran  in  very  rapidly.  The  casing  was  pulled  after 
tie'  hole  was  loaded  and  ready  to  shoot. 

When  the  holes  were  shot  there  was  no  distortion  of  the 
face  of  the  cut  or  the  ground  around  the  hole.  The  face  of 
the  cut  was  immediately  dried  up  with  the  exception  of  a 
small  amount  of  water  that  came  over  from  the  top  in  the 
time  of  heavy  rain.  The  test  is  now  over  two  years  old  and 
has  so  far  been  very  satisfactory,  and  as  the  slope  is  now 
getting  well  covered  with  vegetation,  no  further  trouble  is 
anticipated. 

The  total  length  of  holes  drilled  was  about  1.232  lin.  ft. 
The  cost  of  drilling  and  shooting  was  $1,816.92,  w-hich  repre- 
sents a  cost  of  approximately  $1.47  per  lin.  ft.  of  hole.  The 
work  was  started  in  May,  1919.  and  completed  in  July,  1919. 

How  a  Slide  on  the  S.  P.  Was  Cured.— Another  case  of 
intercepting  the  ground  water  and  thus  curing  a  bad  slide 
of  an  embankment  built  on  a  hillside  is  reported  by  the 
Southern  Pacific  Co.  as  follows: 

The  fill  in  question  was  on  a  side  hill  in  the  Santa  Lucia 
Mountain  District.  It  had  always  given  trouble,  but  during 
the  winter  of  1909-10  it  became  very  serious,  due  to  the  heavy 
rains  of  that  winter.  The  settlement  was  so  great  that  a 
very   large   force   of   men   was   constantly   engaged,   day   and 
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ni^lii.  in  picking  up  the  i  train, 

shovel  being  required  iterial.     it  is 

estimated  thai  the  till  Bettled  du  few  months  con- 
siderably over  100  ft.    Tl  ■ 

a  mile  long,  the  original  culveri  broke  up  and  carried  along 

with   the  sliding   material,  the  ground  moving   along   In   big 

folds    and    w. 

iii  attempting  to  find  e  the  trouble,  we  noted 

te  exi  ept   in 

rainy  weather,  and  then  only  in  Bmnll  quantities.    The  upper 
of  the  Bltdlng  tin  for  al  In  depth  wai 

lutely  dry,  but   below    thli  i  coming 

the  rim  of  the  slid,-    that  •   sliding  material 

joined  tlir  solid  hillside;   below  this  point  the  liiil  wai 

■iih  water      We  r<  i    somewhere  about    100 

spring   "i    water, 
coming  out  of  the  hillside,  po  Dtact  1 

two  strata  formations  a  Bhafi  was  sunk  above  the  track 
and  a  well  defined  contact  ».is  discovered.  The  next  thing 
to  do  was  to  go  down  on  the  rim  in  the  solid  material,  a 
short  distance  below  where  th<  water  came  out,  and  start 
tunnels  on  such  a  grade  as  to  conned  with  the  shaft  above. 
This  was  don.'  and  a  large  amount  of  water  picked  up,  one 
splint  cul  into  Bowing  at  tin-  i   per  minute,  and 

during  ordinary  Bummer  conditions 

■  t al  oi  the  main  drain  tunnel,  amounted  to  ovet    L,  00 
gal.  per  mil 
Shortly   after  the   completion   ol    these   drain   tunnels   the 

track    Stopped    settling,    and    only    ordinary    maintenan.  - 

required  since  then.     Several  othet    slides  In  the  tome- 
ted  in  a  similar  manner. 
'■•in  the  North  Pacific  Coast  is  as  follows: 

Slips    and    Their    Treatment     in    Oregon.     Throughout     the 
North    Pacific   Coast    territory   slides   of  large  volume   are  of 
rhe    attention    of    the    Committee   is 
called  to  an  article  which  will  appear  in  a  future  number  of 
the  proceedings  ol   the  American  Society  of  Civil  Engii 
by  Mr.  S.  .Murray.  Assistant  Chiel    Engineer,  O.-W.  R    R.  &   N. 
ny,  concerning  a  slip  of  large  volume  which  has  been 
under  treatment  for  a  good  many  years.     This  slip  is  in  the 
it    the  Columbia    River,   about    IS   miles   east  of   Port- 
land.      Al     ihis    point     the    river    nils    through     the    Cascade 
I  >n    the   north    side   of   the   river    the   present   slip   ex- 
tends back  three  or  four  miles   from  the  edge  of  the  river, 
but  the  ground  along  the  river  bank  has  become  practicallj 

stable  so  that   no  dillu  ulty  is  encountered  by  tin-  railroad  line 

on  that  Bide  of  the  river. 

On   the   south    siib-   ot    the   Columbia    River   the   break    from 

;■  oi   tin-  rangt    is  onlj    a   fev    thousand  feet   from  the 
river  bank.     Great    port!  ■!    iii   this   vicinity 

for  a  stretch  of  three  miles  along  tin-  river  bank  are  slowly 
slipping  toward  the  river,  carrying  with  it  the  railroad  which 

lies    '  lose    to    the    ri\  er's    edge 

Measurements  made  oi  this  slip  during  the  past   15  years 

show  a  movi  i-i    1".   ft.,   up  to  30  or  4u   ft.,  and  at 

some   points   the  original   Btakes    to   mark    the   ground   have 

beyond   this    point   Into   the    river   and    are.  of  course, 

oblilf  : 

This  slip  has  caused  considerable  difficulty  in   maintaining 
the  track.     'I  hi  as  outlined  in  the  paper 

mentioned  in  the  foregoing  has  been  to  run  tunnels  back  into 
th'-  slipping  ground  above  the  track  to  tap  the  veins  of  water 
and  drain  the  small  ponds  and  reservoirs  lying  in  depressions 
on  the  surface. 

slip   of  a  different    charai 
Oregon  on  a  spur  of  tin-  Blue  Mountains      At   this  point  an 
•    some   three  or  four  hundred   acres   lying  along   the 

track  for  a  distance  1,1  about  a  mile  has  been  gradually  slip- 
ping down  the  side  of  tin-  mountain,  carrying  the  track  with 
it.      Tl  .  ery    slow   ordinarily,   although 

at    times    it    has    been    of    sufficient 

track.      A   study   of   tin     charai  I  I      point 

..1   10 1  k   ami   1  la)    ■  th  Of  2  or 

Beneath  this  Btrata  is  another  of  yellow  clay  ■_.  to  2  In 

in  thickness;  below  the  yellow  clay,  coarse  boulders  and  blue 

has  acted   a-  .1   lubricant   on   tin-  surface 

permitting    it    when    v..'     ■  I  .  .<  1 1 1  v        The    treat 

to   run  a    trench    through   the 

natural  drainage  channels  up  the  Bide  of  the  mountain,  shore 

it  with  heai  al  frequent  Inter- 

the   Blipplng  art  .1      Bj    this    mean 


hoped   to  keep  the  strata  ol   yellow    clay   sutliciently    tree   .loin 

water  to  prevent  saturation  ami  thus  Btop  the  Blip] 

In  a  good  many  cases  when-  the  volume  of  the  slip  amounts 

to  Beveral  thousand  yards,  the  movement   has   been  stopped 

bj   tin    use  ol  concrete  retaining  walls,  or  pile  bulkheads,    a 

concrete    retaining    wall    can    be    used    only    where 

foundation    i-    procurable   and    its    use    is.   therefor.-,    consider. 

ably   limited,     in  many  cases,  pile  bulkhead-  have  been  the 

1    Bolution. 

In    11  BUCh    slips    the    movement     usually    occurs 

only   during   tin-   rainy   m-.im.i    and,  ol   course,  the   saturation 

ground  dei  n  ...  irdinarlly  the 

material    is    very    marh     stabilized    ami    only    a    small    fi 

required  to  counteract  any  tendencj   to  -lip      For  this 

pile    bulkheads    effectively     offi  •    nee    to 

hold  .1  Beeminglj   largt    mass  In  equilibrium. 
Concrete  retaining  walls  and   piles  have  been  used  in  an 

effort    to  cure   slides  ol    Ihis   class   but    in    most    Ca868    thi  ' 

that    can    1»     said    lor   this    method   oi    treatment    is   that    it 

onlj    temporals     reliel     for    tin-    retaining    wall    will 

eventually  slid.-  at  tin    basi    01   tip  over  ami  tin-  piles  crowd 

out. 

Treatment  of  Soft  Spots.  Soft  spots  in  excavations  and 
embankments,  the  origin  ..I  which  is  the  result  of  geological 
formation,  are  hard  to  ...iii. mi  with  and  no  uniform  treat- 
ment   can    be   applied    I.,    all    eases. 

\  method  that   has  bei  ccessfullj   used  in  both 

limis  ami  embankments       the  use  of  long  ties, 

One  of  the   railroads   in    the    Northwest    report 

method  ..1  treatment  by  tl     construction  ot  a  reinforcei 

Crete  slab  of  12  in.  thick,  on   which   the  track  is  carried.     The 
1  ete   slab  is  prepared  by  leveling  off 

the  sub-grade  ami  applying  a   li'  in.  layer  of  good  engine  cin-1 
ders.     The  cinders   furnish   good   drainage   and   the   1  • 
slab  uniformly  distributes  the  load. 

In    some    1  pots    in    cuts   have   been 

driving   piles  along  the  ballast   line  with  the  idea  of  confining 
the    material,    and    by    driving    pile    bints    from    6    to    I, 
length    spaced    .n,m     I    to    1   ft.   directly  under  each    rail   and 
sinking  them   -  or  ::  n     bi  low    sub-grade.     The  latter 
is  reported  as  being  more     itisfactory. 

Piles  have  been  driven  in  embankments  both  along  the 
ballast    hue   and    under    the    rail    in   a    manner   similar   to    the 

i  imd   reported  above  but    tin-  results  do  not  appear  to  be, 

as  satisfactory. 

An  effective  method  reported  in  tin1  treatment  of  soft  spots 
under  embankments  is  tin-  widening  of  tin-  embankment  until 
a  point  is  reached  where  the  pressure,  due  to  the  load,  is 
distributed   over  a    \  ei\ 


Continue  the  Use  of  Labor-Saving    Devices 
in  Track  Maintenance 

For  -i. in.-   reason   expenditures  for   track   maintenam  •    .ire 
usuallj   the  first  to  feel  a  .  ul    ivhi  n  times  are  hard  and  I 
to  be  resumed  when  times   get   better.     It   may    bo  taken  a     .m 
index  that  better  times   are  al    hand   when   the  news  columns 
of  this   paper   begin,   as   the)    are    now    doing,    to    ri 
track  programs  to  be  undertaken  by  the  different  com] 

in   considering   tl  should    not 

overlook  'he  fact  that  the  linns  just  passed  have  served  at 
least  one  good  purpose  in  teaching  the  value  of  labor-saving 
devices   In    track   construction    and    maintenance.      Probably   no 

other  no  ans  would  have  taught  the  lesson  that  labor  costs 
could  be  lessened,  ever  at  increased  rates  of  wages,  by  the 
labor-saving  machinery  ami  tools.  Having  learned  the 
lesson,  it  should  be  their  plan  to  continue  tin-  use  of  such 
ami  at  tin  same  time  to  attempt  an  even  more  Dl- 
tensive  application  thereof.  The  fact  thai  the  labor  i 
lower    furnishes    no  am     letup    in    the    saving   of 

labor;  there  an-  yet  a  number  of  operations  in  track  main- 
tenanci  which  are  ripe  for  the  application  of  labor-savins 
.Is  and  de\  ices.  I'm  instance,  there  is  room  l"i  the 
mean  for  loading  excavated 
materials,  such  as  old  concrete,  earth  and  paving  mati 
upon   work  cars   following   tin-  removi  naterials   fro'" 

the  track.      MOBl   of  this   work   Is   -till   done  manually  an- 
must  be   -nine  way   to  do  it    mechanically,   in    part    al    I-  ■ 
a    lower   labor    cost.      Tlnre    an-,    ot    course,    many    operation! 
which   will   continue   to   require   manual    labor,   but    tin-   >jOg*n 
BhOUld    be   "find    a    way    or   make    one"    to  do    it    median. - 

Electric  Railway  Journal,  Mai    is.  1923 
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Drill  Steel  Sharpening 

Conditions     and     Treatment    Discussed     in     1921 

Transactions  of  the  American   Institute  of 

Mining  and   Metallurgical   Engineers 

By   CLARENCE   M.    HAIGHT, 

Franklin,  N.  J. 

The  general   practice   in  drill  sharpening  simps,   of   which 

l n  written,  is  about   as  follows: 

The  bil  is  heated  to  a  forging  heat  of  1,600  to  I,! F.  tor 

a  distance   back   from   the  cutting  edge   necessarilj 
than  the  length  of  the  finished  bit. 

After  forgii  oper  shape  and  size  in  the  sharpen- 

ing machine,  the  steel  is  allowed  t"  cool  and  is  then  p 
to  a  hardening  furnace  where  the  end  onlj  of  the  bit  Is 
heated  to  the  critical  temperature  or  a  little  higher,  or  to 
•  1,450  F.,  and  then  quenched  either  in  cold  water  or 
brine  or,  as  in  on.  case,  In  brine  with  a  layer  of  oil  on 
the  top. 

it    the    assumption    is    true    that,    as    a    steel    cools    »' 
slowly  or  rapidly  from  the  highest  heat  to  which  it  ha 
subjected,  it  retains  the  grain  size  that  corresponds 
highest  temperature;  then  there  is  a  condition  in  the  bit.  and 
D   shanks   if   the   same   process   is   followed,   that    I" 

is  detrimental  tor  the  best  service  from  the 

For  the   sake  of  clearness   let    the  following   assumptions 
be  made: 

That  the  forging  temperature  is  1,800     F. 

That   the   forging   operation    reduces   the    1,800     gra 
to  a  si/,,  corresponding  to  that  produced  at  1,600  . 

That    the   proper  grain   size   desired    is   that    produced    at 

That    the  bit    is  originally   heated   for  4   in.   back   from   the 
cutting  edge,  that   the  hammering  effect  acts  onlj   to  a   point 


--*+oo„o°0o0o0o0o0o  0o"o°  ou6"o°ot: 



Fig.   i.— steel  as  Taken  from  the   Fire.      A.  Normal  Size:   B.  Section 
of   Ch.inge    from    Normal    Size    to    1800     F.    Size;    C.    Size    at 
1S00     F.,   4   In.    Long. 


Fig.  2.— Steel   After  Forging.     A.  B  and   C  as  in    Fig.   1.      D.  Size  of 

Gram   at   ISM    F.,  3  In.   Long  from    Hammerino:   This   Leaves  C 

Only  1  In.  Long  with  a  Section  of  Change  Between  C  and  D. 

>+♦£+*■/''■ 


i-    is   shown    in    Fig.    1      Alter  tin-    forging   operation   has    been 

performed  a  different  conditii xists,  as  is  shown  bj    I 

The  heating  operation  to  harden   the  cutting  edge  pro 

still  another  effect,  as  is  shown  in  Fig.  ::. 

The   questions   that   naturally  arise   from   t li is-   an 

Will    the  cost    of   tin'   extra    heat    treatment    uecessarj    to 

Change    this    condition    (annealing  i    be    more    than    the    sa\iug 

that  nun  be  effected  in  the  drill  steel  or  will  ti xtra  beating 

be  an  economical  as  well  as  a  wise  thing  to  do? 

Is   this   condition    noeessarih    detrimental    to    the    maximum 
ervil       Of    the   drill   steel" 
Can  this  annealing  action  be  obtained  in   the  hardening   heat 

bj  beating  more  ot  t  ie  bit,  saj  ai  least  5  in.,  to  the  hardening 


Fig.  3— Steel   After   Hardening.      A.   B,   C   and    D   as    in    Fig.   2.      E. 

Section    of   Change   from    1600    F.    Grain    Size    to    Normal    Grain 

Size:   F.   Normal  Grain  Size  in   Hardened   Portion:   D   Has 

Been    Reduced    in    Length    by    E    and    F. 

3   in.   back   from   the   cutting   edge,   and    that    the    hardening 
heat  extends  back  only  1  in.  from  the  cutting  edge. 

Then- as  a  steel  is  taken  from  the  fire,  the  grain  condition 


Fig.  4. — Steel   as   It   Is  Desired  to   Be   When    Ready  for  Use. 
temperature    but    quenching    only    the    end    of    the    bit    by    a 

shallow   immersion? 

When  taking  up  the  question  of  heat  treatment  with  the 
1  run  of  mine  blacksmiths,  it  is  difficult  to  get  them 
lo  realize  the  part  grain  sizes  play  in  the  Structure  Ot  the 
steel  and  the  necessity  for  overcoming  a  wrong  grain  if 
obtained.  Perhaps  the  presentation  of  the  matter  in  this  way 
may   be  of  assistance. 


Pennsylvania   Railway  Official  Does 
Not  Fear  Highway  Competition 

Abstract  of  an  Address  by  Elisha  Lee,  Vice  Presi- 
dent, Pennsylvania  System,  Before  the  Trans- 
portation Club  of  New  York  on  May  6 

tun  American  railroads  are  confronted  with  the  rise  of 
rival  transportation  service.  The  relationship  the  motor  car 
is  likely  to  bold  with  respect  to  the  railroad  is  beginning  to 
define  itself  with  a  fair  degree  of  clearness.  It  lies  in  per- 
forming a  considerable  portion  of  the  short  distance  service, 
both  passenger  and  freight. 

As  Henry  Kurd  has  pointed  out.  development  of  heavier 
cars  ami  locomotives  and  longer  trains  on  our  railroads  has 
undoubted h  detracted  somewhat  from  the  flexibility  desirable 
m  the  handling  of  short-haul,  less-t ban-carload  traffic,  but  I 
think  .Mr.  Ford  is  wrong  in  assuming  that  we  should  reverse 
the  present  evolution  of  railroads  and  go  back  to  small  cars 
and  light  engines,  as  that  would  rob  us  of  the  great  efficiency 
and  economy  obtainable  in  long  hauls. 

In  time,  is  it  not  possible  we  may  come  to  look  upon  the 
motor  car.  motor  bus  and  the  jitney  not  so  much  as  com- 
petitors of  the  railroads,  but  rather  as  helpful  auxiliaries  to 
the  railroad  service?  I  do  not  anticipate  that  they  will  ever 
seriously   compete  With   the  railroads   for  the   longer  hauls. 

.Motor  bus  and  motor  truck  transportation  will  ultimately 
find  their  proper  places  in  the  field  of  distribution,  and  will 
be  '  0-ordinated  with  the  railroads,  probably  on  the  line  of 
taking  care  of  the  short-haul  freight.  That  this  will  ultimately 
he  helpful  to  the  railroads  seems  to  be  reasonable. 

A  passenger  who  rides  ten  miles  or  a  ton  of  freight  that 
moves  thirty  miles  needs  terminal  facilities  just  as  much  as 
the  passenger  or  freight  shipment  moving  a  dozen  times  as 
far  The  more  we  increase  our  proportion  of  long  distance 
business  and  decrease  the  proportion  of  short  distance,  the 
smaller  becomes  the  terminal  investment  necessary  for  each 
ton  utile  and  each  passenger-mile. 

As  to  the  possible  competition  of  air  transportation,  it 
seems  to  me  there  is  an  overwhelming  probability  that  the 
carrying  of  passengers  by  the  air  will  for  a  very  long  time 
be  restricted  to  a  purely  "de  luxe"  service,  far  out  of  reach 
of  the  masses. 


(ion 


472 


Engineering  and  Contracting   for   May    17,    1922. 


The   First   Interurban   Line 

In  thi  L897,  Charles  I.    Henry,  then  an  Indiana  Con- 

iilt    11   miles  of  electric   railway  track   b< 
Anderson  and  Alexandria,  Ind.,  and  commenced  the  operation 
of  it  with  a  city  car  on  the  Ural  daj  of  J  -      He 

dubbed  it  an  "interurban  Line,"  and  thus  started  the  modern 
Interorban  industry  of  the  United  States,  totaling  todaj 
miles.     Sum.'  Interesting  tacts  regarding  the   i 
line  are  given  In  the  March  akka.  trora  which  we  have  taken 
the  matter  follow  b 

Mr.  Henry  is  known  as  "the  father  of  the  Interurban,"  be- 
he  coined  the  name  of  "interurban"  and  pioneered  its 
:  us.  in .    At  the  time  li<'  buill  the  line  from   \nd. 
Alexandria  there  «;is  alr.-a.ly  a  line  operating  ou(  of  Cl<  ve- 
land,  but  it  had  attracted  little  attention, 

"I  got  tlie  idea  for  the  nam.'  'interurban,'"  Mr.  Henry  re- 
"al  the  Chicago  World's  Fair.  There  was  a 
small  electric  line  running  within  the  Fair  Grounds  there, 
known  as  'intramural,'  meaning  'within  walls'  Therefore, 
when  the  thought  of  running  an  electric  line  between  cities 
occurred  to  me,  1  simply  switched  the  name  to  the  Latin 
•interurban.'  meaning  between  cities." 

When  Mr.  Henry  started  his  line  he  already  foresaw  that 
the  Interurban  would  be  a  distinct  development  of  its  own 
and  would  require  much  heavier  roadway  and  equipment 
than  ordinary  city  lines  and  that  it  would  develop  the  han- 
dling of  freight,  but  he  was  not  able  to  foresee  its  rapid  and 
very  extraordinary  development.  He  laid  60-lb.  rails  on  the 
track,  and  while  the  first  car  operated  was  an  ordinary  city 
car.  it  was  replaced  as  soon  as  they  could  be  built,  by  heavier, 
specially  built  interurban  cars,  some  of  which  are  still  in  use 
on  the  lines  of  the  Union  Traction  Co.  of  Indiana.  With  a 
view  to  the  necessities  of  the  future,  he  secured  a  private 
right-of-way  for  the  line  in  preference  to  building  it  along  the 
highway. 

One  of  the  most  difficult  problems  which  Mr.  Henry  faced 
in  building  his  line  was  that  of  distributing  electric  power 
over  the  full  11  miles  so  that  it  would  run  cars.  In  those 
days  no  electric  railway  plants  had  been  built  except  for 
the  use  of  direct  current  from  power  houses.  Alternating 
current  for  distribution  on  electric  railway  systems  had  not 
Into  use.  The  result  was  that  when  the  ordinary  600 
volt    d  was    turned    into   the   line   at   Anderson, 

it  would  produce  only  200  volts  at  Alexandria.  This  weak- 
ness was  finally  overcome  by  putting  in  a  "booster,"  in  the 
power  house  at  Anderson,  producing  1.200  volts  there  and 
making  available  000  volts  at  Alexandria. 

In  some  respects  the  operating  of  cars  over  the  line  was 
very  crude,  but  In  others  the  innovations  started  by  Mr. 
so  progressive  that  they  still  continue  in  use. 
The  signal  question  was  taken  care  of  from  switch  to  switch. 
but  all  orders  were  given  by  the  dispatcher  to  the  motorman 
■  In  his  car  by  means  of  a  drop  line  from  the  telephone 
wire.  Ever  since  that  time  on  all  interurban  roads,  orders 
have  been  dispatched  i>>  telephone  and  many  steam  roads 
now  use  this  system. 

The  zone  fare  system  was   put  in  use  on  the  line  at  the 

outset.    The  line  was  divided  into  three  sections  or  zones  and 

collected  for  each  zone.     At   the  start  the 

road   carried  no  freight,  but   it   did   at   once  carry  the   mail 

from    Anderson    to    Alexandria.      The    lirst    car    was    CTO 

and  the  ioa.1  from  the  start  was  popular  with  the  public. 

Steam  railroads,  which  later  1" » - 1 1  keenly  the  Competition  Ol 
the    interurban.   paid    little   attention    to   the    Interurban    when 

as      Mr.  H-nrs   found  it  somewhat  difficult, 
i  o-operation  when  he  w  anted 

declining    to   set    ears    With    rails   or   poles   for    him   and 
also  refusing   to   permit   him  to  cross  its   tracks.     There   was 
'         main    for    him    to    take   ad 

a  lawy.-r.  he  kn.-w  that  it  wac  entirely  legal  for  him 

tracks  when   he  was  building  np.m  a   public  high- 

ind  be,  therefore,  arranged  for  bis  •  bo  have 

a  public  highway  at  every  point  where  he  wanted  to 

railroad   tracks.     There   was   no  law-  in   Indiai 

illy    giving  anyone    permission    to   build   a 
rural  line,  but  Mr    Henry  discovered  that  the  state  law  did 

I   tie  n    servi.  .-  into  the  country 
M 


upon  gaining  the  permission  of  tie  ..unity  commissioners, 
and  it  was  on  this  legal  ground  that  be  built  this  first  line 
and  afterwards  built  lun  miles  more  of  Interurban  road.  To- 
day, however,   he  says  laughingly  that  he  would  not  again 

k   surround.-. I   b>    all   the  difficulties   which 
i    be    encountered    and    without    the    right 
domain. 

Philip  Matter,  ot  Mari. ui.  Ind.,  l.-nt  Mr.  Henry  the  first 
$100,000  with  which  to  build  tin  Inst  int. -turban.  This  waa 
all   the  money   that   was   borrowed   lor   that    purpose,   but   soon 

after  George  P   McCullough,  o  >  id.,  ii    i    McGowan 

of    Indianapolis,    ami     Mr     Randall     Morgan,    of    Philadelphia, 

were    Interested    by    Mr    Henr>    in   tin-  organizati if   the 

Union  Traction   Co.   of  Indiana   and   this   group  developed   the 

I  property  ot  that  name,  Including  the  line  fi 
,-..n    to   Alexandria,     Gradually  this  line   was   extended   from 
Alexandria   to   Elwood  and    Marion,  ami   afterwards  thi 
from  Muncie  via  Anderson  to   Indianapolis  was  construi 
That  company  now    i  miles  of  interurban  lines  in  I 

Indiana   and    in   thi  IS    there  are  about  I 

.1.  s   ..l    lin.-. 

:  to  building  ti  ■  ,  Anderson  to  Alexandria  Mr. 

Henry  was  a  practicing   atti     nej    in   Anderson.   Ind..  for  about 

26  years.     He  bIbo   -.-.  d   real  estate  and  business   \ 

circles  in  the  old  "(las  !'.  It"  of  Northern  Indiana,  and  became 
interested  in  local  transportation  in  1891,  when  he  bought 
the  old  mule  line  of  about  live  miles  in  length  in  Anderson 
for  the  purpose  of  extending  it  for  factory  developments. 
Later  he  electrified  this  line  and  eventually  it  became  a  part 
of  the  lirst  interurban  road.     The  interurban  develops 

luntry  might   have     ome  quicker  had  not   Mr.  Henry 
interested    in    politics    in    1892.      He    then    ran    for  i{ 
s  but  was  defeat.  .1      Me  ran  again  in  1894  and  served 
two  terms. 

Mr  Henry  now  is  president  ami  general  manager  of  the 
Indianapolis  &  Cincinnati  Traction  Co  This  company  is 
nu  to  complete  its  road  to  Cincinnati,  the  downtown 
district  of  which  it  will  reach  by  way  of  the  n.-w  subway 
constructed  in  the  old  canal  bed.  thus  reaching  its  Cincinnati 
terminal  at  what  everybody  knows  as  Fountain  Square.  This 
extension  will  complete  the  original  project  for  the  road 
and  will  add  greatly   to   its  activities. 


Radio  and  the  Principles  of  Invention 

Of  sound  judgment  and  of  especial  interest   in   view   - 
wide  expansion  of  radio  activities  in  recent  months  are 
remarks  by  Hr.   F.lihu   Thi  m  on  made  to  a  graduating  class 
of   the   Massachusetts  Institute  of  Technology   in   June,  1920. 

Professor  Thomson  said  Note,  for  example,  the  seem- 
ingly unlimited  possibilities  in  wireless  transmission  follow- 
ing the  creation  of  thermionic  amplifiers,  the  thermionics 
engineering  of  the  future.  It  may  soon  be  that  a  station  in 
London  or  Washington  will  talk  to  tin-  whole  world, 
and  that  an  instrument  small  enough  to  be  installed  in  one's 
study  may  permit  us  to  hear  what  is  said. 

"Some  untrained  and  uninformed  minds  qual- 

ity of  originality  in  a  considerable  degree.  .  .  .  Unlesa 
tempered  by  sound  judg nt.  sense  of  proportion  and  ade- 
quate knowledge,  the  results  may  be  erratic.  Invention  in 
the  engineering  sense  Involvi  originality,  but  not  that  alone,  ' 
if  the  re8UltS  ar.-  to  be  of  value.  There  is  imagination  more 
or  less  fertile,  but  with  it  a  knowledge  of  what  has  beeB 
done  before,  carried  perhaps  >ry.   together   with 

•    of  the  present  or  prospective  needs  in  art  or  in.! 

"Necessity  is  not  always  the  mother  of  invention.  It  may 
I..-  prevision.  As  to  value  in  invention,  it  is  often  said,  and 
said  truly,  that  ideas  are  cheap,  but  those  which  are  reallj 
novel,  ami  which  will  bear  tin  cost  of  developing  them 
t.>  return  value  for  the  effort  Involved,  are  rat.  Not  all 
utly  good  ideas,  even  if  new,  mmeT- 

.  ...I  ii.-\ elopment 

"Shall  an  Invention  be  donated  to  the  public 

freely?     I   have  known  some  well-meaning  scientific  n 

is,  as  if  it  wi 
rath.-r  Belfish  and  ungracious  act,  essential!)   unworthj 
answer   is   very   simple.     Publish   an   invention   freely,  and  It 
will   almost    siir.-ly   die   from   lack   of    interest   in    It 

It    will    not    he   developed,    and    the    world    will    DO) 

eneflted      Patent  It,  and  II  valuable,  it  will  be  taken  op  and 

-:    into  a   ho     • 
0?i 
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Safety  Practice   for    Hoisting    Ropes  »%  tZ^T^  parUcularly'  ,,u'  uses  i,nproved  plcnv 

The  Mining  Section  of  the  National  Safetj  Council  recently  While  the  manufacturers'  recommendations  seem  to  be 
sent  (nit  a  questionnaire  to  operators,  regarding  the  class  generally  satisfactory,  it  is  most  Important  that  purchasers 
of  rope  used,  ms  required  or  obtained,  factors  of  give  clearly  their  working  conditions,  nature  of  shaft  lining, 
safety  observed,  methods  of  fastening  ropes,  lubrication,  attention  given  to  timbers  and 'guides,  the  factor  of  safety  de- 
Inspection  ami  points  observed  when  rope  is  to  be  discarded.  sired,  whether  mine  water  is  acid  or  not,  and  whether  harmful 
The  answers  received  from  this  questionna  re',  largel;  from  gases  are  encountered  in  the  lower  part  or  any  portion  of 
metal  mines,  gave  Interesting  Information,  which  was  sum-  the  mine.  The  rope  should  be  stored  undercover,  in  a  cool 
merited  bj  R.  M.  Raymond  In  a  paper  presented  Feb.  -1  at  place,  properly  oiled  and  not  left  on  the  ground, 
the  New  York  meeting  of  the  American  institute  of  Mining  The  Canadian  mining  law  requires  a  certificate  from  the 
and  Metallurgical  Engineers.  An  abstract  of  the  paper  manufacturer  showing  date  of  manufacture,  size,  weight, 
follows  number  and    size  of  wires,  class  of  core,  breaking  stress  of 

The  depth  in  the  majority  of  cases  noted  is  from  1,000  ft.  steel  from  which  wire  is  made,  and  estimated  breaking  load* 

0  ft.  and  records  come  from  a   number  hoisting   from  of  rope.     This  certificate   is  recorded   in  the   "Rope  Record 

depths  of    2, lo    :.. ft.      Hoisting   is   generally   done   in  Book"   and   additional  data   kept  of  operation  of  rope  when 

balance,   with   a   few    companies  using  counterweights.  in  use  at  the  mine. 

The  range  of  loads  varies  from  7  to  17  tons  and  greater  in  Factor      of      Safety.— The      factor      of      safetv      stipulated 

sea,  with  a  balanced  weight  of  4  to  7  tons.  or     estimated     varies     considerablv,     generallv     that     esti- 

Size  of  Drums  and   Sheaves.— The  size  of  drums  and  size  mated  by  the  manufacturers  in  supplving  rope'is  considered 

of   shea  -rally   in   accordance    with    recommenda-  satisfactory,    and    is   five   to   six   for   new   rope.     Factors   of 

tions  of  rope  manufacturers.    Only  one-half  of  the  operators  satety  for  worn  ropo  vary  from  three  and  one.nalf  ,,,  liv„  all(i 

use   grooved    drums:    one.    the   Sulphide   Corpn.,    V  *.    South  tne8e    variations    for   discarding   rope    correspond    somewhat 

Wales,  uses   wood-lagged   drums.     Very  few-   oper  Ujtlj  spee(j  antj  depth. 

drums    capable    of    holding    all   the   rope    in    a   single    wrap.  Xone  of  the  state  laws  in  thjs  countrv  indicate  any  factor 

Cone  drums  or  cone  and  cylinder  drums,  in  the  mines  heard  of  safety.     The  Canadian  mining  law  stipulates  a  factor  of 
from,  are  very  rare.  , ,,   of  six  in  shafts  less  than  2.000  ft.  deep;  and  in  shafts 

A  few  mines  of  shallow  depth  use  a  small  drum  and  large-  2,000  to  3,000  ft.,  not  less  than  five, 
sized  sheave.    While  this  may  be  allowed,  and  in  some  cases  e        .     .  „  ,  „  „        .  .     ..       .    „  .    _.         ,     . 

is    all    right,    the   size    of   drum    and   sheave   should    he   fully  .         «d°     "°f'"9V7   '"       1°   ,  „  f  "S"  SUbn""6d 

equal  to   that   recommended  by  the  rope  manufacturers  and  s  'rom   ,  nnn  «  c       ?!  T  •  "-^  ', 

should  be  at  least  60  to  100  times  the  diameter  of  the  rope  1'1?00  t0  3'000  "■  Derf  ra'n-   fSp,?ned for  hoisting  men  in  almost 

used,  or  one  thousand  times  the  diameter  of  the  largest  wire  a11  Cases,ls  reduc*d  *°  4°°  t0  60°  ft'  \noufh  m  a  few  cases  il 

jn  an.  Qda  runs  as  high  as  1,000  ft.  per  mm.     Acceleration  varies  con- 

OperaUons   show    two   wraps   wherever   possible,  and   not  s;derabl>--    depending    on    depth.      The    accompanying    table 

more  than  three  wraps  on  the  drum;   the  choice  of  several  shows    acceleration    practiced    by    several    of    the    important 

would  be  not  more  than  one  wrap  if  possible    and  not  more  s     ACCELERATION   IX   VARIOUS   MINES. 

than  two  as  good  practice.    A  few  operators,  though  too  few. 

give   importance  to  the  distance   at  which  the  engine  is  set  - 

from  the  shaft  and  the  fleet  angle  between  sheave  and  drum.  .=         -£  Cos.        g 

Overwind   and   Underwind   of   Ropes. — The  matter  of  over-  "i         °.j        a"     ^    g" 

wind  and  underwind  of  ropes  perhaps  receives  too  little  at-  ^_      -_-      —%    Sl>    £l> 

tention.     The  experience   of  operators   in   South  Africa,   ac-  £—      -l.i    2  ._■     _  1    00 

cording  to  Vaughan,  of  the  Mines  Department,  indicates  that  £  S§     %aB    ©S    8j     «j^ 

the   rope   which   underwinds   wears    more    rapidly    than   the  a  >£      Z-t     -Z    Ig    ^i 

overwind  rope  by  20  per  cent,  and  that  the  average  life  of  >-.    j.    zjnc    Co      Franklin,       " 

rope  is  prolonged  by  alternating  the  ropes  on  the  drums.  N.    J..  — .  — .'inclined        915    3.000    3.33    375    15 

In  a  majority  of  cases,  sheaves  are  cast  iron,  turned  out  gut.    ..  .!.  .C°'.'.  .Crel.gh!°n:  inclined     1600    1  100    '33    '60    15 
true.  1/16  or  1/S  in.  larger  than  the  size  of  rope  used.    Others  Witterbee-Sherman,     -Mine- 
use  special  lining  of  cast  iron,  which  is  removable:   the  best  Copped  Ranle   Co'..' '  Pai'nesl   InCHned      1,00°    1,2°°    133    15°    15 

type  of  this  is  the  Xordberg  sheave.     Several  companies  use  dale,  Mich '. Inclined      1500    2  360    2  48    130    10 

hardwood  blocks,  preferably  maple.     A  few  use  hemp  packing  ^gi^Utam^Ala.1™.1.  ^"   Inclined      5  400    8  200    147    459    25 

at  first  or  to  fill  the  groove  when  the  sheave  becomes  worn.  Sulphide    Corp..    x.    s.    w.. 

It  would  seem  that  more  attention  might  be  given  to  the  ma-  calumet^md  'Arizona.'  War-  Vertlcal        825    3,65°    506    300    15 

terial  of  sheaves  and  to  the  question   of  linings.  ren.  Ariz Vertical      1,500     1600    5  33      70      6 

Size  of  Ropes.— Ropes  varv  in  size  from  1  to  1%  in.,  gen-  ^pf^^taf.6  ,CoJ)per    Co-  ,.    ,.     ,        „„     ' 

„  r  ciarKsaale.    Ariz Vertical  S50     '000     4  7       11s;     irt 

erally  6  X  19.  hemp  center.     A  majority  of  the  operators  use  Xorth     Butte     Co.,     Butte,      eluc'"        sou    -uuu    *■'      110    10 

the  higher  class  rope,  plow  steel  or  special  improved  brands.  Crea°nBouider'  rroV '  b ;    T  Vertical     3-600    2-700    2-53    400    17 

and  a  few  use  a  flattened  strand,  6  X  25.     A  number  prefer  <ier.  w.  Va '.  Vertical     2.000    2.000    5  85      95      6 

the  Lang  lay.   which   is  the   favorite   with  larger  operators  Old  Ben  Coal  Corpn.  Frank- 

hoisting  from  the  greater  depths.     Lang  lav  ropes  are  used  '°r'    '" A  ernca!        475    3finn  ,2nn    lr'n      " 

in  nine  cases  out  of  ten  in  South  Africa:  they  are  in  very  Practice  in  Limiting  Life  of  Ropes.— There  is  considerable 
general  use  in  Australia,  and  their  use  is  becoming  more  (',versity  of  practice  in  limiting  the  length  of  life  of  ropes, 
general  in  this  country  Several  operators  discard  rope  when  the  wires  on  the  out- 
Few  companies  stipulate  specifications  for  rope:  reliance  side.  of  the  strands  are  worn  to  less  than  60  per  cent  of  the 
is  placed  on  the  tensile  strength  given  bv  the  manufacturers.  °rif lnal  &rea-  and  when  inspection  shows  signs  of  corrosion. 
Preference  is  shown  for  plow  steel  bv  the  larger  operators,  otners  take  more  particular  note  of  the  number  of  broken 
with  the  understanding  that  the  tensile  strength  of  the  wires  wires'  °ne  company  discards  rope  when  the  number  of 
is,  or  approaches  200,000  lb.  per  square  inch.  The  Interna-  Compared  with  the  draft  of  the  new  mining  law,  the  speeds 
tional  Nickel  Co.  calls  for  tenders  from  manufacturers,  gives  for  hoisting  and  accelerating  speeds  practiced  by  the  dif- 
full  description  of  working  conditions,  and  asks  manufac-  ferent  companies  do  not  show  any  excess  over  the  speeds 
turers   to   recommend  rope  for  these  conditions,   with   com-  recommended. 

plete  description.     It  requires  a  factor  of  safety  of  seven  for  Method    and   frequency  of   inspection   of  ropes   vary  from 

hoisting  ore  and  a  factor  of  safety  of  ten  for  the  man  hoist.  daily  inspection  of  terminals,  including  wraps  remaining  on 

The  United  Verde  mine  stipulates  low-phosphorus  steel,  high  drums,    to    weekly    inspection.      Fully    70    per    cent    of    the 

carbon  and  manganese,  with  a  tensile  strength  of  the  wires  operators  make  inspection   daily,  and  one  makes  inspection 

of  200,000  lb.  per  square  inch.     The  Copper  Range  Co.  stipu-  three  times  a  day  when  hoisting   men. 

!  lates  lU-in.  plow  steel.  6   X  19,  regular  lay:   58  tons  tensile  broken  wires  in  any  consecutive  10  ft.  exceeds  10  per  cent 

i  strength,  and  on  test  has  found  the  rope  to  have  a  strength  of  the  total  wires  in  the  rope;  another  very  careful  company 

of  75  tons.     The  Broken  Hill  mine  uses  lVt-in.,  6  X  19,  Lang  condemns  the  rope  when   twelve  wires  per  foot  are  found, 

lay  and  specifies  a  breaking  stress  of  the  rope  of  60  tons  and  or   if   the   wires   be   pitted   and    can   be   pried   out   of   place 

best  flexible  plow  steel  or  its  equivalent.    The  Anaconda  com-  easily,  even  if  no  broken  wires  are  found:   another  discards 
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rope   when   GO   to   70    wires   are   broken   in   one    •-nan.]      One  Some     Advantages     of     Electrical     Operation.     One     thine 

oj   imiis  that  a  decrease  of  %  In.  in  diameter  renders  which  Beems  ol  considerable  Importance  to  the  steam  man 

tiif  rope  unserviceable  and  cuts  grooves  In  the  sheaves;  an-  in  Brsl  operating  an  electric  locomotive  and   which  is  soon 

other  company  abandons  the  roj n  .1  decrease  ol  3  16  likely    to    be   forgotten    with    other   commonplace   things    is 

in    in  diameter   is   Bbown  or   when   Beven    wires   are  broken  that    no  slops   are  necessary    for  fuel   or  water.     When  you 

>n  an]  one  strand.    The  Anaconda  1  oppei   Co   discards  when  consider  thi    delays,  train  troubles  and  extra  work  of  water- 

noi    more  than   20  per  cent   of  the  strength  ol   the  rope  Is  Ing    engines,   encountered    In    mountain   traffic,   you   can  gee 

used  up  bj  abrasion  and  broken  wires     The  Sulphide  Corpn.  thai   the  complete  elimination  ol   such   is  no  small   item  b 

generally  discards  Its  6    -    7  rope  when  one  wire  In  anj   waj  bettering   train  operation      When   you  consider  that   a  larg.. 

shows  fractures;   even  U   apparently  In  good  c lition,  rope  pari  of  our  mountain  district   is  through  comparatively  dry 

is   discarded   after   two    yei                         One    Iron   company  territory   the  elimination   ol    pumping  plants   to  supply   thui 

turns  the  rope  end  tor  end  ever]     ix   months  and  discard?  water    represents   economj 

.1  us,-  ol  twelve   month-.     The   International   Nickel  Another  feature  which  applies  to  all  kinds  ol  service  and 

•  Co.,  which   takes  special   ci                   ropes,  abandons  them  of  which  we  have  good  reporl    li    that  although  tb 

after   two  years'   use.  even    if  rO]                            ally    slill    in   good  locomotives    weigh    more    OH    drivers    than    an>     steam    power, 

condition  thej  are  easier  on  curved  track,  at  least,  than  the  Bteam  el 

gini        On  tangent   track   the  difference  is  not  so  apparenl 

ri         .)_•       .1    Onoicotlnn    In    Mnuniain  but    il    may  be  stated   that    t  h.  r.-   have  been   no   raeli.-al   e-hang.-s 

ILiectricai  uperation  in  mountain      made  in  track  conBtruci Bince  we  electrified,  nor  has  there 

District  ' "    'n>  aPParen'  reason  tor  making  changes.     Considerlnl 

that  mountain  trackage  has  a  high  percentage  ol  curvature] 
tin-  advantage  « « r  electrical  operation  is  appreciable 

Benefits    Derived    from    Electrification    of    Main  But  in  order  to  deal  specifically  in  bringing  out  advantage! 

Line  of  Chicago,  Milwaukee  and  St.  Paul  Ry.,  "r    electric    motive    powei     In    the    mountains,    it    will    he 

Outlined     in     March     Milwaukee  '"  "''i  '°  *°  !T°  ,n,".",;,:,il .    '  Can  pernap8  d,°  "lis,  b°Bi  hv 

_  considering  different  kinds  ol  service  separately  and  by  giv- 

Employees  Magazine  mg  examples  ol  actual  op-ration. 

Bj    PRANK    RUSCH,  l'"'s|  '"  Importance  is  the  freight  service  in  which  we  have 
Superintendent   of   Motive     Pi                   \i    &   St.    P.   Ry.  reduced    the-    number    of   engines    required    and    the    work   of 
We  are   operating   electrically  on  the  main  line  over  five  keeping  them   in  service      We  have   practically  reduced   ouj 
mountain    ranges,    formerly    the    most    difficult    parts    of    the  running    time    between    points    by    10    per    Cent    and    have    ill- 
system,   the  Cascade   and   Saddle   mountains  in   Washington,  creased  our  tonnagi    In  tin    ivorsl  districts  by  about  the  same 

and    the    Hitter    Root.    Rocky    and     Belt    ranges    in    Montana.  amount.      In   spite  ol    increased   tonnage    the   drawbar   reportS| 

On  a  total  of  about  660  route  miles  we  have  two  maximum      snow  a  decreased   n bei    ol  accidents  ol  this  nature  after 

gradients  ol  2  per  cent  to  2.2  per  cent   tor  about  20  miles;  tne  men  have  become  accustomed  to  electric  operation.    The 

two   grades  Ol   1.6  per  cent   to   1.7   per  cent,  and   several  of  1  fuel  consumption  or  kilowatt  hours  at  the  locomotive  shows 

,  „,  marked  economy  and  then    is  no  doubt   but  that  With  a  suffl- 

Loads  Handled  by  Electric  Locomotive.   -In  freight  service  '  'j'"'    I1,m,,'"r   '"'   tr:,,,ls   "Plating,    marked   economy    for   the 

on  grades  ol  less  than   >,  per  cent   we  can  handle  as  much  wnole  ByBtem  !^  P08sible  '""  Bteam  operation 

tonnage   as    the   operating    conditions    will    permit    with    one  Benefits   of    Regenerative    Braking.     Freight    trains   can   be 

.lectric  locomotive  at  speeds  which  may  vary  up  to  30  miles  handled  over   mountain   grades   without   stopping   and  due  to 

an  hour.     On  1   per  cent  grade  ascending  one  electric  loco-  ,ne   regenerative   feature    may   he    handled    without   applying 

motive    will    handle    3,500    tons;    on    2    per   cent   grade,    1.250  an  :iir   brake  on   the   whole   train,  unless   for   some  reason  it 

tons,  on  2.2  per  cent  grade,  1,100  tons;  all  at  a  speed  of  about  is  necessary  to  come  to  a  dead  stop.   The  regenerative  braking 

15  mil.s  an   hour.     We  Ordinarily  use  a  helper  locomotive  in  not  onlv  saves  the  brake-  rigging   but   also  returns  energy  to 

freight    service    on    mountain    grades    so    that    our    average  the    trolley    which    may    be    utilized    in    helping   move   other 

freight  trains  will  run  about  as  follows:  trains.      Whatever    may    he-    the    return    on    this    regenerated 

35 t0n8  energy   the   saving   made   in   ease  of  train  handling  with  less 

em  grade    number  of  break-in-twos  with  consequent  damage  and  delays, 

1  7   per  cent    grade- 2.800  tons  ;„   .,„    jmnortmt     idvnntnire 

2,5 tons  is  an   lmpoitani  dovaiuage. 

adc 2.200  tons  The  various   tests   on   brake   shoes   in   making  a   run   from 

These  ratings  are  based  on  the  continuous  capacity  of  the  Avery  to  Harlowton  sh.  ..  that  about  one-fourth  of  the  brake 
locomotives  which  occurs  at  15  miles  an  hour  at  full  trolley  shoe  wa9  "'"'"  awa'  '"  controlling  the  speed  of  the  trains 
pressure  of  3,000  volts.  on  mountain  grade,  while  in  the  westward  movement  he- 
Comparison  with  Steam  Locomotives.— In  making  com-  tween  these  two  points  it  showed  approximately  one-fifth  of 
pari.-on  with  the  steam  locomotives  that  were  used  prior  to  the  brake  shoe  worn  away.  A  conservative  figure  on  the  value 
the  electrification  the  tonnage  rating  and  what  was  actually  of  ,ll('  m,'t;l1  dissipated  through  brake  shoe  wear  during  a 
hauled  over  the  Rocky  mountains  is  as  follows  and  applies  30-day  month  period  would  he  $6,000;  this  is  not  including 
to   freight    trains   only:  ,'1*'  saving  in  the  way  of  cracked  wheels  through  overheating. 

2  Mallet                                               2.500  tons  Both  of  these  itema  "r  expense  have  been  practically  elim- 

ild i  >.ein  tens  mated    through    electric   operation. 

:::::::::::;::  i  «*    expect   a«   some  future  date  .„   combine   regeneratlvj 

2  L2  engines.   Piedmont   to   Donald              i  100  tons  braking    which    sends    the-    current    back    into    the    wire    and 

Donald...                      2.500  tons  which    we    have-    at     present,    With    rheOStatiC    braking    which 

Th.    tonnage  hauled  over  this  mountain  is  greatly  in  favor  consumes  the  braking  I  D<  rgj   in  the  starting  resistors,  so  that 

of   th<-    electric-    meters       The    mountain    grade    from    Butte  we-  can  use  electric  braking  at  speeds  down  to  practically  a 

Yard  to  Donald  Is  1.6  per  cent  and  from  Piedmont  to  Donald  standstill.    This  will  he  a  matter  for  experimentation 

on   the  east  slope  is   2  pe-r  eel  Starting    freight    trains   on    ascending    mountain    grades  it 

de   ovei    the    Saddle   mountains   In  comparativelj   easy  and  not  at  all  likelv  to  result  in  drawbar 

Washington  two  electric  motes  haul  2,200  tons  at  a  speed  damage.     The  helpers  are  placed  In  the  middle  of  the  train 

of  ir,  miles  an  hour,  whereas  two  Mallet  engines  haul  1.600  and  ,,„.  ,,„.,,,  locomotive  can  when  starting  let  the  slack  back 

tons  at  a  speed  of  about  eight  ..-   ten  mtlee  an  hour  ;1   ;1S  th„  neiper.    The  helper  man  then  can  advance  his 

in  pa                      Ice  we  are-  not   using  anj    helper  power.  controller  to  give-   maximum  tractive  effort  and   is  ready  to 

otives   are-   built    strong   enough    to   handle   960  follow  with  the  slack  when  the  head  locomotive  starts     with 

passenger  equipment  over  an]   portion  ol  e,ur  track.  electric    operation    we    have   emit    braking    drawbars   almost 

They  mak<-  -i      entirely  in  the  i rata 

on  level  track  is  only  limited  by  operating  conditions.  We    do   col    need    engine    watchmen    with    electrle    motive 

rice  we  have  electric  locomotive  power  and  at  any   point  where  one  of  these  machine 

li.-e-r   Lodge  arui   Othello      In     i  up  it  is  euih   necessar]   tor  the  enginemen  to  drop  th< 

lows,    on    work    trains  graphs    ami    shut    the    doors    and    windows.      This    is 

and  for  wrecking  outfits,  and  obtained  efficient  results.  larly    advantageous   at    helper   tie-up   points       \t    Butt 
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Piedmont  when  we  tirst  electrified  we  bad  as  high  as  six  to 
ten  Bteam  engines,  mainly  required  tor  helper  service.  These 
were  replaced  with  two  electric  locomotives,  which  have  suc- 
cessfully done  the  freight  helper  work  since,  The  passenger 
trains  no)   requiring  helpers  have  to  sum.'  extent  made  this 

possible  Of  Course,  bul  this  Itself  is  also  another  advantage 
of  electrical  opera! ion. 

Regenerative  braking  makes  it  a  decided  advantage  to  use 

a  helper  descending  a  grade  as  well  as  in  going  up  on  the 
other  side.  We  have  only  one  heavy  grade  on  the  Cascade 
mountains  where  this  is  not  applicable.  Otherwise  our  help- 
ers ordinarily  go  char  over  the  summits.  It  is  common  for 
a  helper  to  go  in  a  train  upgrade  to  Boylston  and  down  to 
Beverly,  then  back  to  Kittitas  light  with  zero  consump- 
tion of  kilowatt  hours,  or  regeneration  in  this  case,  making 
it  possible  to  operate  helpers  in  eastward  traffic  from  this 
point  at  no  fuel  expense  whatever. 

The  Increased  safety  in  having  two  locomotives  In  trains 
of  this  sort  on  heavy  grades  can  be  appreciated. 

In  passenger  service  the  delays  and  rough  handling  n 
sary    to    the    operation    with    helpers    is    entirel)     eliminated. 
The  same  locomotive   which   may  haul  the  train  at.  50  miles 
per  hour  can  also  handle  it   with  ease  and  certainly  on   a  2.2 

Here  again  the  regenerative  braking  feature  is  important. 
One  who  has  tried  to  sleep  in  a  passenger  train  through 
mountain  districts  and  has  been  kept  awake  by  application 
of  brakes  at  frequent  intervals  can  readily  appreciate  the 
comfort  of  an  electrically  operated  mountain  trip  in  which 
it  is  impossible  to  tell  from  the  way  the  train  is  handled  as 
to  whether  a  grade  is  being  ascended  or  descended. 

The  smooth  handling  of  passenger  trains  is  a  point  of 
merit  and  occasions  many  favorable  comments  from  passen- 
about  our   service. 

The  entire  absence  of  cinders  and  a  certain  amount  of 
grime  from  coal  burning  locomotives  is  appreciated  by  the 
passenger.  Complaints  of  delays  caused  by  poor  fuel,  en- 
cm,  not  steaming  and  sundry  things  have  become  things  of 
the  past  We  do  have  our  troubles  with  electrical  failures, 
it  is  true,  but  these  are  nearly  all  in  a  class  not  to  be  called 
serious  and  fortunately  are  of  uncommon  occurrence. 

Saving  by  Electric  Switching. —  In  electric  switching  service 
we  find  that  the  energy  or  fuel  expense  at  the  locomotive  has 
been  more  than  cut  in  two  over  steam  operation.  The  locomo- 
tives are  quick  in  acceleration,  easy  to  handle  and  because  the 
engineer  has  little  to  look  out  for  other  than  the'operation  of 
starting  and  stopping,  he  can  lend  his  whole  attention  to  the 
business  at  hand  and  thus  gets  as  much  work  done  as  the 
yardman    can    attend    to. 

The  maintenance  of  these  machines  is  slight  and  because 
of  taking  but  little  energy  the  extra  demand  for  power  that 
they  require  is  not  very  noticeable  at  the  substations  which 
furnish   it. 

Wherever  the  trolley  wire  goes  the  electric  locomotive  has 
given  particularly  good  results.  In  rerailing  cars  or  engines 
or  pushing  snow  plows  the  uniform  rate  of  speed  for  a  given 
load  and  the  ease  wim  which  the  locomotives  can  he  con- 
trolled make  their  use  decidedly  advantageous. 

The  rated  tractive  effort  of  an  electric  locomotive  is  usually 
given  as  that  within  the  continuous  or  24-hour  capacity  of  the 
traction  motors.  This  is  72,000  lb.  for  our  freight  locomo- 
tives, but  does  not  mean  very  much  as  compared  to  the 
maximum  tractive  effort  which  the  locomotive  can  exert. 
This  is  only  limited  on  these  machines  by  the  slipping  point 
of  the  wheels.  With  sand  used  on  the  rail  they  have  been 
known  to  exert  a  tractive  force  of  160.000  lb.,  and  this  could 
be  maintained  for  a  period  of  time  until  the  tractive  motors 
are  in  danger  of  overheating  due  to  the  large  flow  of  current 
through  them.  Such  tractive  effort  makes  these  machines 
efficient  in  handling  certain  work  under  adverse  conditions 
as  mentioned  above. 

Because  the  tractive  effort  is  nearly  proportional  to  the 
current  flowing  through  the  motors  regardless  of  the  speed, 
it  is  very  easy  to  judge  train  weights,  proper  ratings  and 
other  things.  In  fact,  every  electric  locomotive  is  equipped 
with  its  own  instruments  so  that  it  is  a  very  good  dynamom- 
eter itself,  and  in  cases  where  the  engineer  runs  into  con- 
ditions of  overloading,  he  can  readily  judge  the  amount  and 
reduce  as  necessary.  There  is  no  argument  as  to  whether 
one  man  can  get  more  out  of  an  engine  of  this  kind  than 
another — they  are  all  placed  on  an  even  basis.  Moreover, 
the  normal  running  times  are  so  uniform  that  the  dispatch- 


ers, as  a  genera]  rule,  do  nol  have  io  figure  much  on  the 
personal  element  of  the  enginemen  in  supervising  train 
operations. 

There  are  possibly  other  benefits  to  be  derived  from  elec- 
trification, but  I  have  endeavored  to  stay  within  the  limita- 
tions applying  to  the  locomotives  alone.  There  are  disad- 
vantages, too,  of  course,  and  there  is  a  need  for  improvements 
and  developmental  changes,  as  is  true  of  all  electrical  equip- 
ment. However,  the  field  for  experiment  and  such  changes 
is  large,  and  with  the  successful  electric  motive  power  we 
now  have,  we  have  made  the  start,  and  further  improved 
tea  lures  can  be  inaugurated  if  necessary. 


Electric     Haulage    Systems    in     M  nes    at 
Butte,   Mont. 

Prior  to  1902,  tramming  ore  from  stopes  to  shafts,  in  Butte 
mines,  was  done  by  man  or  animal  power.  Demand  for 
greater  tonnage  and  the  need  for  more  improved  methods 
of  tramming  have  resulted  in  the  installation  of  electric  haul- 
age systems.  A  description  of  this  system  was  given  by 
.Mr.  ('.  D.  Woodward  in  a  paper  presented  Feb.  21  at  the  New 
York  meeting  of  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers,  an  abstract  of  which  follows: 

There  are  now  operating  in  the  Butte  mines  of  the  Ana- 
conda Copper  Mining  Co.,  185  trolley-type  locomotives,  each 
of  which  has  replaced  five  animals. 

The  haulage  conditions  in  this  company's  mines  have  many 
advantageous  features  that  are  not  always  found  in  under- 
ground mine  workings.  The  drifts  and  crosscuts  are  large, 
approximately  5  ft.  wide  by  7V2  ft.  high,  and  have  curves  of 
no  less  than  is  ft.  radius;  and  the  roadbeds  of  the  drifts 
and  crosscuts  have  a  uniform  grade  of  0.5  per  cent  in  favor 
of  the  loaded  trips.  In  all  of  the  mines,  except  two,  the 
track  gage  is  18  in.,  and  all  tracks  in  the  main  haulageways 
are  laid  with  25-lb.  rails.  The  average  haul  is  1,500  ft.,  but 
a  number  of  hauls  are  approximately  3,000  ft.  long. 

Usually  a  train  consists  of  ten  loaded,  roller-bearing  cars. 
Each  car  weighs,  when  empty,  900  lb.  and  holds  14  cu.  ft.  of 
ore,  which  weighs  about  1,800  lbs.,  thus  the  total  weight  of  a 
train,  without  the  locomotive,  is  13%  tons.  Normally,  ten 
trips  of  ten  cars  of  ore  each  are  required  per  8-hour  shift  on 
each  mine  level;  this  does  not  include,  however,  the  tram- 
ming of  waste  or  supplies.  Wraste  is  generally  hauled  during 
the  time  the  ore  haulage  is  light,  as  the  material  is  usually 
trammed  against  the  grade  from  the  shaft  to  the  stopes  for 
back-fill.  During  a  working  day,  the  locomotives  are  in  serv- 
ice 16  hours,  hauling  an  average  of  245  loaded  cars,  and 
returning  the  same  number  of  empties. 

A  mine  locomotive  with  a  drawbar  pull  of  750  lb.  would 
perform  the  work  that  has  been  outlined.  To  resist  the  abuse 
to  which  a  mine  locomotive  is  always  subjected,  larger  equip- 
ment has  been  installed.  The  trolley  locomotives  now  in 
service  have  a  drawbar  pull  of  1.450  lb.,  a  speed  of  5.3  miles 
per  hour;  and  weigh  3%  tons.  The  trolley  wire  is  carried  in 
an  inverted  wooden  trough  placed  at  one  side  of  the  tracks 
and  made  of  2  by  8-in.  strips  for  the  back  and  1  by  8-in. 
boards  on  each  side. 

As  the  trolley  wire  is  a  fire  hazard  and  a  potential  danger 
to  the  workmen  and  as  it  limits  the  use  of  a  trolley  locomo- 
tive, particularly  in  the  gathering  operation,  the  storage- 
battery  locomotive  has  been  installed  in  a  number  of  the 
Anaconda  mines.  The  first  storage-battery  locomotive  put 
into  operation  demonstrated  that  it  was  a  success  and,  as  a 
result,  thirty  additional  machines  were  purchased,  and  most 
of  them  are  in  operation.  The  total  weight  of  the  locomotive 
is  4%  tons.  It  is  rated  at  1.500-lb.  drawbar  pull  at  3%  miles 
per  hour  on  level  track,  with  a  maximum  drawbar  pull  of 
2,500  lb.  for  starting  and  accelerating. 

The  cost  of  a  trolley  wire  and  track-bonding  installation 
on  the  long  hauls  is  about  equal  to  a  set  of  storage  batteries 
for  a  locomotive,  hence  there  is  little  difference  in  cost  be- 
tween a  trolley  locomotive  and  a  storage-battery  locomotive 
installation.  The  cost  of  maintenance  of  the  two  types  of 
installation  has  been  in  favor  of  the  latter,  as  the  labor  neces- 
sary to  keep  the  trolley  wire  in  alignment  with  the  rails,  due 
to  the  movement  of  ground  in  a  number  of  the  mines,  and  the 
constant  repairing  of  the  guard  strip  over  the  trolley  wire, 
involves  a  large  expenditure. 

There  are  now  operating  in  the  mines  22  storage-battery 
locomotives,  hauling  an  average  of  245  loaded  cars  and  re- 
turning the  same  number  of  empties  in  a  16-hour  day. 
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Research  Reveals  How  to  Ventilate 

the  Hudson  River  Vehicular 

Tunnel 

One  of  the  most  difficult  problems  In  the  design  of  the 
Hudson  River  vehicular  tunnel  was  the  providing  of  ventila- 
tion facilities,  in  the  April  th  Compressi  d  Ui 
Magazine  Mr.  Robert  <,.  Skerretl  describes  how  ezpi 

conducted    to   determine   the   amount   of   fresh   air  re- 

quired,  the  means  of  propulsion  and  transmission,  and  other 

In  order  to  Insure  against  any  physical  dis 

comfort  occurring  to  any using  the  tunnel.    An  abstract 

of  the  article  follow s: 
The    Hudson    River    vehicular    tunnel    will    consist    funda- 
llj  of  two  cast  iron  tubes,  each  of  a  maximum  diameter 

the  water  at  mean 

low    tide,  and  having  a  span   from  portal  to  portal  of  fully 

■i      When  first  ready  for  service,  the  daJlj    traffic  will 

involve  the  movement  of  approximate!;    17. conveyances, 

most  of  which  will  undoubtedly  be  of  an  automotive  char- 
acter.   By  the  end  of  the  Bixtb  year  the  vehicular  tide  will 

tie  made   up  of   the   lo-and  fro   passage  Of  substantial!'. 

-  in  the  course  of  24  hours,  and  by  that  time  the  per- 
centage  of  self-driven  ears  and  trucks  will  have 
a  marked  degree:     By   1940,  it   is  computed  thai   the  tubes 

will  be  u.-ed  on  an  average  daily   by  something  like    16 

ong  which  the  horse-drawn  vehicle  will  be 
less  and  less  in  eviden 

it  is  obvious,  from  the  figures  cited,  that  a  steadily  aug- 
mentlng  volume  of  noxious  gases  will  have  to  be  dealt  with. 
Mr.  Clifford   M.  Holland,   Chiel    Engineer,  and   his  te> 

of   the  joint   New    York   and    New   Jersey    Tunnel 
Commission   have   been    I  from   the   very   start  to 

this  vital  aspect  of  their  problem;  and  the  burden  placed 
upon  them  has  1 n  all  the  heavier  because  very  little  help- 
ful data  could  be  obtained  from  the  practical  operations  of 
other  underwater  vehicular  tunnels. 

As  these  engineers  pointed  out  a  year  ago,  the  usual 
method  employed  in  ventilating  railroad  tunnels,  for  instance, 
is  to  blow  fresh  air  through  the  viaduct  from  end  to  end — 
forcing  the  air  in  at  one  portal  and  allowing  it  to  escape  at 
the  other.  To  ventilate  the  twin  tubes  of  the  Hudson  River 
vehicular  tunnel  in  this  fashion  would  require  a  very  large 
volume  of  circulating  air  and  would  entail  excessive  air 
[ties  along  the  roadways,  especially  at  points  near  the 
supply  nozzles.    Modifications  of  this  system,  in  which  shafts 

to  be  utilized  to  shorten  the  distance  between   li 
take  and  the  exhaust  portals,  were   considered,  but  this  ar- 
rangement,  in   itself,  was   found  unsuited   and  not  likely   to 
i  ally  better  conditions. 
Finally,   after   considerable   deliberation,   the    engineers   of 
the  commission  settled  broadly  upon  a  scheme  which  would 
introduce  fresh  air  into  each  tube  through  a  number  of  open- 
ings leading  from  a  supply  duct— this  passage  to  be  separated 
from  the  roadway,  and   carry  off  the  tainted   air  by   another 
duct  of  a  kindred  character.    This  disposition  of  ducts  prom- 
-sive  air  velocities  and  likewise  to  Insure 
throughout  the  length  of  each  tube  a  uniform  distribution  of 
fresh  air  and  a  corresponding   withdrawal  of  the  atmosphere 
>iui  gases.     Certain  experiments   made  in 
d  cate  that  ii  would  probably  be  advisable 

to  place  the  fresh  air  duct  below  the  roadway  and  the  exhaust 

ogement  was  tentatively 
further  tests  could  be  made,  to  settle  this 
I  Ion. 

Isely  decided  to  clear  up  all  of  the  venti- 
lating problems  by  practical  teste  carried  out   In   ways  and 

npon    811  would  furnish  conclusive  data.      This  re- 

hi  d    and  in  its  successful  pro 
tion  has  called  for  .-.  total  outlay  of 

The    Scope     of    the     Investigations.     Those    investigations 
fold    in    their    nature,    and    have    Bupplii 
formation  which  will  bi  ling  value  iii  a  number 

Ids  of  engineering,    Indeed,  boi 

Phe  first  two  lines 
of  inquiry  had  to  do  with  the  character  and  Quantity  of  the 
exhau  I  ted    bj    Inti  i  aal    i ngtnes 

running    and    with    the    physiological    effects    Ol   certain 

Dents  of  these  gaseoua   mixture      particularly  carbon 

monoxide. 


The  purposes  of  the  latter  research  were  to  ascertain  how 
human  beings  and  animals  would  read   when  breathing  for 

different  intervals  an  atmosj re  polluted  with  various  pro- 

1  of  carbon  monoxide  The  desire  was  to  determine 
how  long  such  admixtures  could  be  inhaled  without  injury  to 
health,  and  to  establish  the  maximum  of  carbon  monoxide 
"'"  m'sn<  be  carried  Into  the  bod>  the  while  without  harm- 
ing even  persons  of  ble  con  titution 

Inasmuch  as  the  Question)    toi    Investigation  were  closely 
allied    with    the   proper    ventilation   ol    manv    mining   under- 
takings, the   r.  s.  Bureau  of  Mines  collaborated   with  the 
Tunnel   Commission,     Road   testa   with   lOl  motor  vehicles,  in,- 
eluding  representative  tj  pi     ol    passenger  cars  and   ti 
were  conducted  by  the   i      S    Bureau  of  Mines  at   thi     P 
burgh  Experiment  Station    in  accordance  with  a  progra 
out  by  Mr.  Holland.     These  tests   extended  ovei   an   Interval 
•  months,  beginning  In  December  of  one  year  and  end! 

"*K  ""  ""'  last  of  Beptembei      ic ling     thus  covering  bod 

"  IT"''r  *nd  summer  operating  i  ondltlons. 
Test  of  Motor  Vehicles  at  Pittsburgh.-  The  cars  used  were 
■"    random   from   tho  •    offered  by  private  Individuals 
ttions,    and    automobile    dealers    of    Pittsburgh;    and  ' 

under  the  Circumstances   the   re   nits  mn>    be  considered   fairly 
typical  of  motor  vehicles  actually  running  on   tl 
divers  speeds  and  upon   changing  grades.     No  alterations  of    | 
carbureters  or  othei  nl      were   made;   and  the  cars 

and    trucks    contended    with    physical    situations   much    like 
""'s''  "llilh  will  exisi  o  tubes     As  a  result  of  these 

tests   il    was   discovered   that   the   average  volume  of  carbon 
monoxide  produced  wa     ■        idi  rablj   higher  than  previously 
computed.     This  meant  that  the  ventilating  plant  would  prob- 
Bave  '"  noliVS  li   air  into  each  tube  than  had 

originally   been   deemed    necessary.     Here   was   a  rev, 
that    potentially   entailed   a   larger  blower  equipment  and   a 
heavier  annual  outlay  tor  elei  trie  power. 

Yale  Tests  on  Effect  of  Carbon  Monoxide.— Happily 
physiological  inquiries  at  New  Haven  led  to  disclosures  that 
offset  the  findings  at  Pittsburgh.  This  work  was  conducted 
at  Vale  University  under  the  supervision  of  Professor  Yandell 
Henderson,  acting  pro  tern  for  the  U.  S.  Bureau  of  Mines  and 
indirectly  for  the  Tunnel  Commission.  It  was  recognized  by 
this  physiologist  that,  inasmuch  as  the  ventilation  of  the 
tunnel  ought  to  be  ample  enough  to  obviate  not  only  danger 
but  even  slight  discomfort  to  persons  in  transit,  his  function 
was  to  ascertain  the  maximum  permissible  absorption  of 
carbon  monoxide  by  the  body  within  tho  limit  just  men- 
tioned. Prior  to  this  investigation  at  Yale  there  was  no 
precise  definition  of  allowable  vitiation  of  the  air  by  ad- 
mixture with  carbon  monoxide. 

At  first,  it  might  appear  that  the  ventilation  of  any  closed 
space  should  be  such  as  to  insure  air  quite  as  pure  as  that 
of  the  city  streets;  and  had  this  standard  been  adopted  there 
would  have  been  no  need  tor  research,  tor  a  basis  of  one  part 
of  carbon  monoxide  In  Id. em,  parts  of  air  might  have  been 
accepted  at  once.  This  was  Impracticable,  with  tubes  having 
a  li  ngth  of  3,800  ft.  between  ventilating  shaft 
"blow-through"  system  was  employed,  which  would  demand 
an  air  stream  moving  from  end  to  end  of  the  tunnel  at  a 
speed  of  30  miles  an  hour:  The  tunnel  engineers  had  earlier 
ated  that  it  would  not  be  unsafe  for  passengers  In  the 
tubes  to  breathe  an   atmosphere   containing    three    pa 

'  al> monoxide  In  10, parts  of  air;  and  they  had  pli 

that  the  atmosphere  In  each   tube  should  be  changed  com- 
pletely at   regular  Interva  econds.     Even  so,  it  was 
recognized  thai  the  ventilating  plant  would  have  to  be  madetfj 
up  of  G5  electrically-actuated  blowers,  rangin  to  30fl 

Hp.    each;    and    this    equipment     was    sure    Iii    call    for    heavy 
annual    expenditures    for   operating   current.      Professor   HeS 
derson.    alter   exhaustive    experiments    on    human    beings    ami 
animal.-,     proved     that     B     still     higher    percentage    ol     .  arbon 

monoxide   could    be    Inhaled    without    inconvenience   or   hurt 

'''"'  •■'   much  longer  time  than  would  be  r ilred  to  maki 

lourney  through  the  tunnel  at  the  verj  slowest  pace 

In  one  series  of  tests,  the   mbjei  i   was  placed  In  a  com 
menl  that  could  be  made  airtight  and  which  bad  a  capacit] 
of  226  cu.  ft.:   In  the  second  seriei   n  chamber  having  a  i 
ii>  of  12,000  cu.  ft   of  air  was  employed.    In  this  was  Installed 
a  Ford  car  and  several  persons  were  exposed  to  the  varl 
vitiated  atmosphere.    When  the  small  compartment  wasnsed- 

red   amounts  of  pure  carbon   monoxide   were   IntTOdO 

after  a   subject   bad   entered,  and  ai    dill  irenl    Intervals  the 
latter   shoved   bis   hand    through    a    self-sealing    elastic    panel 
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so  as  to  facilitate  the  withdrawal  Of  blood  (or  analysis.  Per- 
sons submitting  themselves  for  test  spent  periods  of  one  hour 
in  an  atmosphere  containing  from  two  t  eight,  and  in  one 
case  ten,   parts  of  carbon  monoxide   in    10,1  of   air. 

While  they  sat  and  read  most  of  the  time,  there  were  a 
sufficient  number  of  acts— such  as  turning  on  an  electric  fan 
to  insure  a  thorough  diffusion  of  the  gas,  standing  up  to  look 
out  of  the  window  tor  a  moment,  opening  and  closing  flasks 
to  take  air  samples  for  later  examination,  etc  .  to  correspond 
fairly  well  with  the  activity  of  a  driver  of  a  car. 

Blood,  to  the  amount  of  20  or  30  drops,  was  drawn  from 
a  finger  before  the  volunteer  cut.  red  the  chan 
cubic  centimeter  was  similarly  obtained  at  the  middle  of  the 
period  and  at  the  end.  and  usually  once  or  twice  during  the 
ding  three  hours.  These  samples  of  blood  were 
analyzed  for  carbon  monoxide.  After  leaving  the  compart- 
ment the  subjects  were  put  through  various  tests  to  asi  ertain 
the  effects  of  the  inhaled  carbon  monoxide.  It  appears  that 
no  one  had  an  appreciable  degree  of  headache  after  remain- 
ing one  hour  in  the  chamber,  during  which  the  atmosphere 
contained  four  parts  carbon  monoxide  or  less.  With  six 
parts,  the  effect,  if  any.  was  usually  very  slight.  With  eight 
parts  there  was  decided  discomfort  for  some  hours,  although 
not  enough  to  interfere  with  efficient  work  in  the  laboratory 
or  at  the  desk.  After  an  hour,  with  ten  parts,  even  an  ex- 
ceptionally resistant  individual  was  rather  miserable:  averse 
to  effort  for  five  or  six  hours;  and  could  still  feel  the  effects 
after  half  a  day. 

In  the  case  of  the  experiments  in  the  larger  chamber. 
where  the  air  was  tainted  by  the  actual  exhaust  of  an  auto- 
mobile, the  disclosures  in  no  wise  differed  radically  from 
those  already  referred  to:  and  the  net  result  of  the  findings 
was  that  men.  women,  and  children — including  infants  and 
invalids — not  to  mention  soldiers,  who  might  have  to  march 
through  the  tunnel,  could  in  perfect  safety  breathe  for  an 
hour  an  atmosphere  admixed  with  four  parts  of  carbon  mon- 
oxide. Tests  with  dogs  and  horses  revealed  a  kindred  meas- 
ure of  immunity.  The  researches  at  Yale,  while  minimizing 
the  disquieting  motor-vehicle  investigations  at  Pittsburgh  did 
not,  however,  completely  neutralize  the  possible  conse- 
quences of  the  unexpectedly  large  propagation  of  noxious 
gas  by  cars  and  trucks,  and  the  question  still  remained 
whether  or  not  ample  ventilation  could  be  assured  without 
increasing  the  proposed  blower  installation  of  the  air  dis- 
tributing system.  The  settlement  of  this  problem  directly 
concerned  the  annual  cost  of  operation.  An  answer  to  this 
query  was  obtained  in  a  thoroughly  practical  manner  by  a 
second  series  of  investigations. 

The  Expense  to  University  of  Illinois. — The  first  of  these 
studies  was  pursued  at  the  Engineering  Experiment  Station 
Of  the  University  of  Illinois  under  the  supervision  of  Profeo- 
sor  A.  C.  Willard  and  in  accordance  with  a  program  pre- 
scribed by  Mr.  Holland.  There  was  built  at  Urbana  a  half- 
size  trial-duct  300  ft.  long.  This  duct  was  constructed  of 
reinforced  concrete  and  timber,  and  was  patterned  along  the 
lines  planned  for  the  full-sized  duct  designed  to  be  located 
beneath  the  roadway  of  each  of  the  tunnel  tubes.  Under  the 
terms  of  the  contract  entered  into  with  the  University,  the 
work  at  Urbana  was  to  deal  specifically  with  the  following 
subjects:  first,  the  determination  of  the  coefficient  of  fric- 
tion of  air  flowing  in  concrete  ducts  such  as  were  proposed 
for  the  vehicular  tunnel:  second,  the  verification  of  formulae 
used  in  computing  the  power  required  for  moving  air  through 
a  duct  from  which  air  would  be  drawn  off  at  designated  in- 
tervals: and.  third,  the  measurement  of  power  losses  due  to 
bends  in  flues,  ducts,  or  airways. 

During  the  earlier  tests  the  farther  end  of  the  duct  was 
generally  closed  and  the  exhaust  air  reached  the  outside 
atmosphere  via  the  side  ports.  Under  this  condition  the  duct, 
simulated  the  proposed  method  of  ventilating  the  vehicular 
tubes.  That  is  to  say.  the  ventilating  ducts  in  either  of  the 
tubes  are  not  intended  to  furnish  an  uninterrupted  flow  of 
inbound  and  outbound  air  from  portal  to  portal.  These  ducts 
will  be  blocked  by  bulkheads  at  the  center  of  the  river:  and 
the  blower  equipment  on  each  bank  will  therefore  take  care 
of  only  half  of  the  length  of  the  tunnel.  Such  being  the  case, 
the  primary  experiments  were  devoted  to  ascertaining 
'  whether  it  would  be  feasible  to  get  a  fairly  uniform  supply  of 
air  at  all  points  of  the  duct,  and  this  at  pressures  that  would 
not  be  markedly  different  at  stations  close  to  the  blower  and 
at  those  remote  from  it.  It  was  thought  that  the  first  and  the 
middle  sections  of  the  duct   would  have  enough  air  but  that 


the  third  or  last  section  might  show  a  deficient  flow.  Con- 
trary to  expectations,  the  most  distant  stretch  of  he  conduit 
gave  an  ample  discharge,  and  this  was  discovered  to  be  due 
to  the  back  pressure  built  up  in  that  area,  while  the  middle 
division  fared  worse  despite  the  shorter  distance  from  the 
i  his  mean!  that  the  outlets  In  the  middle  section  of  the 
duel  would  have  to  be  larger  than  those  in  the  third  one  in 
order  to  provide  the  required  volume  of  fresh  air  to  effect 
the  needful  dilution  of  motor  gases  throughout  the  corre- 
sponding part  of  the  actual  tunnel.  This  disclosure  contra- 
dicted the  commonly  accepted  theory  applicable  to  similar 
cases. 

The  foregoing  researches  emphasize  not  only  the  errors  of 
prevailing  formulae  but  establish  the  fact  that  the  coefficient 
of  friction  usually  employed  in  connection  with  the  flow  of 
air  in  concrete  ducts,  etc.,  was  about  100  per  cent  too  high. 
This  was  a  heartening  discovery.  Previous  data  had  been 
secured  by  somewhat  modest  laboratory  investigations,  while 
the  scale  of  the  duct  used  at  Urbana  was  large  enough  to 
prevent  the  mistaken  deductions  of  earlier  workers  in  the 
field. 

Another  line  of  inquiry  had  to  do  with  the  evolution  of  a 
type  of  expansion  chamber  which  would  best  serve  to  insure 
the  widest  dispersion  of  fresh  air  in  the  neighborhood  of  the 
tunnel  roadways.  Twenty-rive  different  models  of  expansion 
chambers  were  tested  at  the  Urbana  Engineering  Experiment 
Station  before  one  was  evolved  which  would  give  satisfactory 
diffusion.  The  accepted  pattern  is  so  shaped  that  air  issuing 
from  it  at  a  velocity  of  1.000  feet  per  minute  has  no  appreci- 
able force  at  a  distance  of  but  5  ft.  away,  and  yet  the  impulse 
will  carry  the  air  quite  to  the  middle  of  the  driveway.  In 
other  words,  the  fresh  air  entering  from  each  flank  of  the 
tube  will  meet  in  the  center  of  the  cross-section  and  provide 
complete  circulation. 

The  concluding  studies  at  Urbana  were  directed  to  deter- 
mining power  losses  due  to  blowing  air  through  the  bends  of 
flues,  etc.,  and  with  this  in  view  full-sized  elbows  of  several 
sorts  were  tentatively  fried  out  before  erecting  a  combina- 
tion elbow  at  the  far  end  of  the  300-foot  duct.  This  elbow 
represented  a  union  such  as  will  be  formed  where  the  vehicu- 
lar tunnel  tubes  join  the  four  ventilating  shafts  through 
which  fresh  air  will  be  fed  downward  and  foul  air  will  be 
drawn  off  and  sent  aloft  to  the  free  atmosphere.  In  the 
elbow  the  air  is  obliged  to  make  two  turns,  each  of  90  de- 
grees, and  it  was  important  that  the  change  of  route  should 
not  invite  any  needlessly  increased  resistance. 

There  is  a  well-recognized  law  that  the  inner  or  short 
radius  of  a  duct  shall  be  equal  to  the  diameter  of  that  pass- 
ageway. This  could  not  be  subscribed  to  and  the  desired 
result  realized  because  of  the  large  diameter  of  the  elbow. 
The  area  of  that  conduit  was  hound  to  induce  a  high  co- 
efficient of  friction  by  reason  of  the  lessened  velocity  of  the 
air  stream  threading  its  way  through  the  compound  turn.  As 
the  textbooks  tell  us,  the  coefficient  of  friction  varies  with 
the  velocity — i  e.,  the  greater  the  velocity  the  lower  the  co- 
efficient of  friction.  The  technicists  solved  the  problem  by 
interposing  a  vane  or  longitudinal  partition  in  the  airshaft: 
and  by  this  agency  the  single  passageway  was  transformed 
into  two,  each  of  them  having  a  short  radius  such  as  would 
meet  the  theoretical  requirements.  This  divisioning  caused 
the  air  to  rush  more  rapidly  through  the  tortuous  channels: 
and  the  added  velocity  so  diminished  the  frictional  resistance 
that  the  impulse  power  was  reduced  at  the  elbow  by  quite  25 
per  cent. 

Tests  at  Pittsburgh  for  Determining  Methods  of  Introduc- 
ing Fresh  Air. — The  researches  at  Urbana.  together  with  the 
finding  at  Yale,  completely  counterbalanced  the  rather  dis- 
couraging revelations  of  the  motor-vehicle  gas  tests  at  Pitts- 
burgh: and  the  only  ventilating  question  still  awaiting  settle- 
ment was  whether  the  fresh  air  should  be  fed  up  into  the 
tubes  from  ducts  below  the  roadways  or  downward  from 
similar  conduits  overhead.  Once  more  the  tunnel  engineers 
sought  the  aid  of  Government  experts.  Opinions  differed  as 
to  where  the  supply  and  the  discharge  ducts  should  be  lo- 
cated; and  there  was  much  logic  in  the  argument  that  the 
engine  gases  could  be  disposed  of  quickest  and  by  the  short- 
est route  if  they  were  carried  off  near  their  points  of  origin — 
i.  e.,  by  exhaust  ducts  running  beneath  the  floors  of  the 
tubes. 

In  order  to  approximate  the  subterranean  circumstances 
that  will  characterize  the  Hudson  River  vehicular  tunnel,  a 
test  tunnel,  130  feet  below  ground,  was  utilized.    This  tunnel, 
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nearly  oval  in  form,  was  constructed  al  Bruceton,  Pa.,  In  the 
mental  coal  mine  o(  the  i  S  Bureau  of  Mines,  and 
was  the  result  ot  uniting  two  existing  parallel  Minis  by 
curved  terminal  galleries.  Within  this  tunnel,  which  lus  an 
axial   lengtl  •  t,   was  built   a  tl  Inforced 

i  13    ha>  Ing  b   rectanguli  I  on   9  it    w Ide  and 

■  the  flooi  and  th<  i  elllng  i  Fnderl)  ing  the 
Boor  Is  a  duel  1  ft.  high  and  above  the  celling  there  la  an 
othei  tl  high,  and  arrangements  were  made  bj 
which  either  duel  could  be  used  al  will  tor  exhaust  or  supplj 
purpoE 

v  eighl  stations,  set  5  tt  apart,  on  one  ot  the  simian  Bee 
tions  ol  the  under-ground  m 1-way,  were  bung  at  different 

...ns  groups  ol  sampling  tubes  These  were  connected 
i>>  piping  with  a  central  iir  from  ;ili  of  them 

could  be  pumped.  An  Interval  ol  ball  an  hour  was  needed 
to  till  the  sampling  tubes  tor  testing     The  number  of  motor 

run  during  the  Investigations  ranged  from  one  to  eight, 
and  each  ot  these  vehicles  also  carried  sampling  tubes  one 
"it  top,  one  al  the  driver's  feet,  and  a  third  intermediate  be 
tween  these  extremes  The  automobiles  were  driven  uni- 
formly .it  ,i  rate  of  10  miles  an  hour  i  tiauffeurs  and  passen 
ted  to  examination  before  and  after  every 
triji  by  physicians  and  physiologists;  and  the  machines  were 

ted  t'."  one-hour  periods  Be  Ides  exhaust-gas  sampling 
apparatus,  each  motor  was  provided  with  gasoline  measuring 
facilities;  and  there  were  air  sampling  tubes  Interposed  In 
the  exhaust  duct  al  one  station,  where  samples  were  taken 
to  determine  the  make-up  of  the  air  as  II  lefl 
the  tunnel,  in  brief,  care  was  taken  to  guard  against  anj 
possible    errors    through    a    comprehensive    counterchecks 

a;  and  it  was  practicable  to  determine  the  composition 

of  the  air  at  any  vertical  or  longitudinal  poinl  in  the  tunnel. 

\n   told,  seventeen  ventilating  experiments  were  made  al 

ton  six  of  them  with  the  fresh  air  reaching  the  drive- 
way   from    overhead    and    eleven    of    them    with    the    tn 

issuing  from  the  duel  beneath  the  floor.     During  these,  two 

runs   were  made   with  one  ,ar.   two  with   three  ears,   live   with 
lour    ears,    and    eight    with    eight     Cars.       While    ii     was    ascer- 
tained  that   there   v.  as  apparently  no  striking  difference  be- 
lipward  or   downward   admission  of  fresh  air,   what   flit- 
ted   was  in  favor  of  upward   Circulation.     Further. 
the   developed    structural    features   of   the   tunnel   made   the 
latter  rse  more  desirable.    On  the  other  hand,  the  physio- 
found  that  the  absorption  of  carbon  monoxide  by  the 
■as  less  with  the  rising  movement  of  the  air  than  with 
■  scending  flow     the  percentage  of  CO  in  the  atmosphere 
being  the  same  in  both  eases. 
Carbon  monoxide,  al  atmospheric  temperatures,  is  a  trifle 

lighter  than  the  air,  and  the  total  average  of  all  the  exhaust 
gases  from  a  motor  ear  at  equal  temperature,  is  also  some- 
what lightei  than  the  air.  Therefore,  the  hot  engine  exhaust 
has  a  prom.  BCj   to  ascend  when  discharged.     This 

the  eddy  or  partial  vacuum  at  the  rear  of 
an  advancing  ear  and  is  further  stimulated  by  an  inrush  of 
fresh  air  impelled  ceilingward  from  low-lying  expansion  cham 
hers.  In  other  words,  the  noxious  gases  in  the  vehicular 
tunnel  will  thus  be  swept   toward  the  ceiling  and  got  rid  of 

before  they  will  have  S  Chance  to  diffuse  and  to  contaminate 
seriou  inually  changing  atmosphere. 

underground  tunnel  at   Bruceton  had  a  heating  plant. 

and    bl  In  from   the   pit    mouth  of  the   mine  it   was 

practicable  to  maintain  reasonably  uniform  temperatures,  and 
to   reproduce  at  will  conditions  substantially   identical   with 

that    will    prevail   al    various    seasons    within    the    tubes 

thai  are  to  be  driven  beneath  the  Hudson  Rivet  it  is  well 
worth  stressing  th  tacl  that  the  comprehensive  Inquiries 
described  settle  not  onlj  md  most  economically  to 

ventilate    the   tunnel    In    question    bul    thej    provide   data    ol 
value    for   many   other   engineering    undertakings   and 
show  wherein  the  technical  manual    oftoda: 
An  ii. i-   will  be  required  to  operati 

blowers    when    tie  .    ed    to    Capacity,    and    this    will 

Involvi  al   in  both  of  tie  ng  driveways 

.    <  ii    it    ol    air   per   minute. 

The  Hi  ie   the  up  trades  w  ill  be  al   thi 

'•'I    ft    per  minute  ..      f0    |   ,,i    |  h 1     the  Btl  I   li    down 

grades  will  have  a  volume  ol   126  cu    f(    per  linear  tool  of 

and    on    the    lew  I  the    tunnel    (be    air    will 

I    per  minute.    Thli  distribution  will 

■    the   dilution    I  I  dun.,    four   parts  Of 

■  In   10,000  parts  of  air 


New   Method  of  Culvert   Construction,  on 
the   Pennsylvania   Railroad 

The  following  Interesting  account  ol  the  construction  of  a 
culverl  with  no  Interference  with  traffic  I  taken  from  the 
Railwaj   Vlaintenani  e  Engim  ei  toi  Januai  s 

Railroad  culverl  tructed  undei   i  cistlt 

bj    two  general  method      ...  inch  consist  ol   excavati] 
and  of  tunnelii  ture  from   these  methods  was 

couth  carried  out  on  thi  inia  Railroad  neai 

\.  J.,  without   Interruption  ol   traffic  oi   the  use  ol   an 
orders    iii  ibis  work  two  nders  made  of  ■■„  in    bollej 

1  ere  jacked  through  th. 

embankment  beneath  thi  rack  line,  thus   taking  ihe 

place  ol   the  usual  excavating  and  cribbing  operal 

In  carrying  oul  this  construction  a  working  spa 
excavated  at  one  >i,ie  ol  the  tracks,  sufficiently  large  to  allow 
the  first  cylinder  or  Bhell  to  be  placed  in  position  for  jai 
Pour   35-ton,    worm-gi  jacks,    manufactured    bj    the 

MeKiernan  Terry    Drill    Company,    New     York,    were    used       \ 


Jacking    Shield 


limbers 


U-shaped  frame  built  up  from   1-  in.  by 

With    tie    plates    was    Installed    as   a    bearing   surface    to 

oi  the  lour  jacks. 

The  bearing  provided  to  rest  against  the  back  of  tin 
vation  oppo  iti  t  le  shell  i  on  i  ted  ol  I  in.  yellow  pine  vertical 
heeting  with  three  lines  ()f  lL'iu.  b>  11' in.  timbers  placed 
horizontally  on  either  ide  ol  It.  Work  was  advanced  10  in. 
at  a  time,  thai  being  the  full  extension  of  the  jacks,  after 
which  the  length  of  the  lacking  timbers  was  increased  and 
the  performance  repeated     The  upper  pan  of  the  shell  was 

through  stiff  clay  ami  hanlpan  and  Ihe  lower  part 
through  quicksand  The  average  progress  was  about  :'•'.■  Ii" 
ft  in  a  :<  In  day.  It  was  estimated  that  there  was  a  lo 
about  r.ii  tons  on  each  of  the  jacks  during  the  work  The 
top  of  the  shell  was  kepi  aboul  four  feel  below  the  I 
rail,  and  the  arch  ol  the  shell  was  found  to  be  sufficient!} 
strong  to  support   the  passage  ol   the  heai 

icklng  through  was  completed  the  interioi   ol   the  shell 
was   excavated   ami   -IS   in     bj    .M'l.^    In.    Masse)    concreti 
was  Installed  and  the    ipace  between  the  pipe  and  tie 
idled    u  ith   grout. 

The    work    was    done    1,\     Al  noil  More.    Inc.     Newark 

under  the  supervision  ol  F.  M.   Vrnolt,  who.  with  J.  <■ 
man.  Inspector,  dei  eloped  I  b<    underl]  ing 
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A  French  Automatic,  Air  Operated  Shovel 
for  Various    Uses^ 
\,  a   recent   meeting  of  the  SocletSde  I'Industrle   Mini 
_M    ,i.:  tuple  foi  m    ol    automatic    shovel, 

driven  bj  compressed  air,  tor  Oiling  coal  stowing  waste,  and 
othei  analogous  operations,  The  compressed  aii  acts  as  a 
sort  ,,f  "servo-motor"  tor  raising  and  tipping  the  bucket,  the 
latter  being  directl}    manipulated  by  the  workman.    A  chain 


Fig.    1 — Shovel    With   Vertical    Rope   Slack. 

attached  to  a  piston  driven  by  compressed  air,  aftei   passing 
over  a  pulley  placed  above  the  loading  point,  is  hooked  on  to 

the  bucket.  The  motor  itself  comprises  a  simple  tube.  62  mm. 
in  diameter  and  .'  85  mm.  in  length,  which  can  quickly  be 
Slung  In  whatever  position  is  required.  It  weighs,  all  told. 
about  57  kg.  The  stroke  varies  from  1.20  m.  to  1  50  m.  A 
small  piston  equipped  with  a  recoil  spring  is  placed  at  the 
I  the  cylinder.  Control  is  exercised  by  the  movement 
chain,  a  relatively  small  tension  on  this  compressing 
prlng  of  the  piston,  called  the  auto-exciter,  and  causing 
a  relative  displacement  of  the  piston  with  respect  to  the  ports 
Ol  the  cylinder,  thus  allowing  the  air  to  be  admitted  on  the 
front  id'  tin-  motor  piston.  The  load  when  raised  n  n  ains  sus- 
pended by  the  air  pressure,  the  tension  exercised  on  the  chain 
maintaining  the  spring  of  the  distribution  piston  compressed 
and  the  air  inlet  open.  As  soon  as  the  bucket  i>  emptied,  this 
tension  becomes  insufficient  to  maintan  the  requisite  pressure 
on  the  spring  of  the  piston,  and  the  air  is  exhausted,  while 
the  inlet  is  closed,  thus  causing  the  bucket  to  fall  again  to 
the  ground. 

The    bucket   may    take    different    forms,    according    to    the 


Fig.  2 — Position  for  Raising  Bucket  With  Vertical  Chain  Taut, 
material  to  be  loaded,  and  the  base  may  be  replaced  by  a 
fork  or  grid.  The  workman  pushes  the  bucket  into  the  pile 
and  rakes  the  material  into  the  same,  afterwards  giving  a 
slight  tug  to  the  chain.  By  the  modification  shown  in  Fig.  2. 
further  economy  of  labor  may  be  secured.  In  the  first  in- 
stance, the  vertical  chain  being  slack,  the  bucket,  under  the 


a,  tion   ot    ill,-   ohlique    chain,    swings    over    the    ground    and 
penetrates  the  mass.    As  soon  as  the  vertical  chi 
taut,  it  is  raised,  describing  a  hyperbola. 

Tests  of  the  appliance  have  been  carried   out    in  a   thick 
seam  at  Montramiiei t.  and  bj   mean    ol   il  a  youth  ot  sixteen 

has  1 n  abb-  in  till   without    fatigue  an  averag 10  tubs 

per   daj    over  a    period   oi    several    montl  cketful 

weighs  about  60  kg.,  and  the  complete  op. -ration  takes  about 
_■:,  seconds;  thus  in  tine,-  minutes  a  tub  of  il'u  k-  can  be 
fully  loaded — a  result  that  may  I,,-  attained  by  hand,  but  not 
without  excessive  labor.  In  practice,  it  is  stated  that  the 
output  per  workman  has  been  doubled,  and  as  man.', 
tubs   have  been   filled    pi  I    da;       1  or   op, -ration    in    the  open   air. 

the  appliance    is   suspended    from    an    improvised    jib    - 

Consisting    Of    a     balk     Of    timber     slum;     from     a     trestli 

mounted  on  a  wheelbase. 

The  consumption  ot  compressed  air  amounts  to  aboul 
litres  at  5  kg.  for  each   bucket   load,  35  lines  per  tran 
oi    tboul   11  'Hi    per  day,  or  about  a  twenty-fifth  or  th 
oi    the   power  required   to  drive  a   pick   machine   to   get    the 
equivalent   quantity  of  coal     Above  ground  it   has  an   Impor- 
tant    advantage    o\  or    the     steam     shovel,    owing     to     the     low 
first  cost. 


Transportation  Problems  Confronting 
the  American  People* 


Outline   of   the   Situation    and    Its    Requirements 

Given  in  a  Paper  Read  Before  the  Engineers' 

Club  of  Philadelphia 

By  EMORY  R.  JOHNSON, 

tation  and  I  '  >mmi  rce,  and   Dean  ol  th<    Whar- 

ton  Set I  of  Finance  and  Commerce,  University  oi  Pennsyh 

I  am  speaking  upon  a  theme  concerning  which  we  are  all 
more  or  less  ill  doubt,  and  1  am  quite  certain  there  is  nobody 
here  who  would  assert  that  he  has  a  solution  for  the  trans- 
portation problem,  and  certainly  not  a  solution  for  the  pres- 
ent American  railway  transportation  problem.  And  yet  I  do 
not  speak  as  a  pessimist.  I  am  by  temperament  one  who 
looks  at  lit,-  hopefully,  and  I  look  upon  the  present  transpor 
tation  question  as  an  optimist;  and  I  am  not  that  type  of 
optimist  I  heard  defined  not  so  long  ago.  as  a  man  who  didn't 
can-  what  happened  so  long  as  it  didn't  happen  to  him.  Now. 
I  do  not  want  you  to  be  pessimists  when  I  finish. — because 
I  heard  a  definition  of  a  pessimist  which  was  rather  sig 
nificant.  That  definition  was.  that  the  pessimist  is  a  man  who 
has  spent  some  time  with  an  optimist. 

1  spoke  two  or  three  weeks  ago  on  this  question,  before 
the  American  Philosophical  Society,  and  I  had  the  unique  ex- 
perience of  being  followed  immediately,  in  discussion,  by  j 
man  who  took  the  other  side  of  what  I  had  said,  and  he  was 
none  other  than  Doctor  Wiley,  the  celebrated  food  expert: 
and.  judging  from  what  I  see  going  on  before  me.  there  are 
numerous  food  experts  here,  and  there  possibly  may  be  a 
number  who  would  agree  with  Doctor  Wiley  in  what  he  said 
at  the  meeting  of  the  American  Philosophical  Society. 

1  might  open  my  address  by  stating  three  facts  which  I 
think  we  must  accept  at  the  outset  of  any  discussion  of  the 
railroad  transportation   problem: 

Three  Important  Facts. — The  first  fact  as  to  railroad  trans- 
position which  we  must  get  over  and  cannot  go  around  is 
that  the  business  of  the  country  and  the  progress  or  stag- 
nation of  the  nation  depend  upon  the  strength  and  growth  of 
the  railroads  and  other  agencies  of  transportation.  Transpor- 
tation development  sets  the  limit  of  national  progress. 

It  took  the  great  war.  with  its  tremendous  disturbance  of 
economic  and  social  conditions,  to  bring  home  to  the  American 
people  the  fact  that  the  progress  of  the  country  is  deter- 
mined definitely  by  the  strength  and  efficiency  and  pro- 
gressiveness  of  our  railroad  system.  Almost  up  to  the  war 
the  public  attitude  toward  the  railroads  had  been  one  of 
curbing  abuses  and  eliminating  that  which  was  wrong.  It 
had  been  an  attitude  of  restraint.  Now  the  public  realizes 
that  the  railroad  system  must  be  promoted  by  wise  measures. 

The  second  obvious  fact  is  that  probably  forty  per  cent  of 
the  railroad  mileage  in  this  country  is  owned  by  companies 
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■   time  virtual  1  j    Insolvent     Even  i  lie 
larger  companies  are  In  financial  difflcull 
vania  Railroad,  to  the  n 

dmit,  has  reduced  its  dividends;   bul  Its  own  revenues 
would  not  justify   the  too  i  II   has  tern 

ii.ir.irii>   decided  to  pay.     [da  ttion  is 

permanent,  but  it  Is  a  real  situation 
railroads  ol  the  United  B1   I  today  In  a  mosl  ui 

condition. 
The   third   equally    obi  that    the  only   » 

work  out  the  problem  <>f  railroad  transportation  successfully 
adhering  to  private  ownership  and   operation,     II   the 

i  or  confused  and 
bewildered,  and  adopt   government  ownership  and  operation 
railroads,  they  will  gradual]]    bul   surely   pass  into  a 
coma  and  over  Industry  will  Blow]  peeping 

paralysis.     I  do  nol  believe  you  men  believe  In  government 
ahlp  ol  the  railroads. 
Requirements   of   the    Present   Situation.     If   any    group    Of 
thoughtful  nun  and  women  were  asked  what  is  just  now  the 
•  riona  railroad  problem,  the  majority  would 
doubtless  say  it  is  the  problem  i  osts  ol  opera- 

ad   particularly   labor  costs;    while   it    is   also   probable 
Jority  of  the  group  thus  questioned  would  reply 
that  the  next  largest  railroad  problem  of  the  hour  is  how  to 
investors  the  billion  dollars  a  year  needed 
to  reconstitute  and  develop  the  railroads  ol  the  country. 

••  stating  in  this  manner  the  two  outstanding  problems 
< if  the  hour — and  I  think  1  have  before  me  an  exceptional 
tuse  many  of  you  engineers  deal  with  these 
questions  profoundly — I  believe  8  group  of  men  such  as  you 
would  enumerate  at  Last  five  other  specific  requirements  of 
sent  railroad  situation,  ami  If  1  mistake  not,  you  would 
enumerate  the  following  points: 

First,  the  necessity   for  the   federal   control  of  both  intra 
and  Interstate  rail;  mmediate  problem 

calling  for  prompt  action  on  the  part  of  the  States.  Prac- 
tically all  of  the  States  have  united  in  a  case  now  pending 
before  the  Supreme  Court.  By  this  case  it  is  to  be  determined 
whether  the  United  States  has  power  to  control  intra-state 
that  affect  interstate  commerce.  The  Supreme  Court 
approved  a  decision  giving  the  Interstate  Commerce  Com- 
mission the  power  to  set  aside  an  intra-state  rate  that  dis- 
criminates against  an  interstate  rite.  In  deciding  the  case 
now  pending  before  the  Supreme  Court,  it  is  to  be  hoped,  and 
is  expected,  that  the  Supreme  Court  will  uphold  the  power 
of  the  federal  government.  If  it  s  tould  so  hold,  it  will  give 
power  to  the  federal  government  to  control  the  revenues  of 
the  railroads  of  this  country.  Ten  per  cent  of  the  increase 
allowed  by  the  Interstate  Conn  m  to  the  car- 

ist   August  was  not  received  because  of  the  effect  of 
■■    laws  and  Commission   I 
The    second    point    is,    the   consolidation    of    railroads    in    ac- 
i  ordance  with  the  plan  worked  out  and  promulgated  by  the 
■mmerce  Co."  Railroad  consolidation   is 

i  ertain  to  come.  I  am  not  sure  it  will  come  quickly.  I  rather 
hope  it  may.  But  it  must  come,  because  it  is  certain  that  the 
-  that  constitute  some  forty  per  cent  of  the  railroads 
in  this  country  must  be  eliminated;  their  Insolvent  condition 
them  a  burden  to  their  Btronger  brothers  and  to  the 
public.  Every  part  of  this  great  country  must  be  served  by  a 
strung  railroad  system.     The  country  demands  it. 

Grouping    of    Systems.— The    only    way    the    weak    systems 

effectively  eliminated  is  by  the  grouping  of  the  rail- 

try    into  a  limited  number  of  systems  of  ap- 

proximatel)   equal  str.-ni.-tii   and   stability.     The  Acl    of  1920 

•e  Commerce  I  □   the  mands 

work   out    a    plan.     When   the   plan    has    been    adopted    and 
promulgated    by    the    Commission,    Individual    co 

D    accordance    with    that    general    plan    and 
with   th  the  Cod  oluntarily.    ii    that 

D    I   think   that   we   will 
datlon  of  railroad-  in  accordance  with  the 
the    federal   government     Consolidation 
■ 
i   means  a 

•■in   for  the  future.    This   1     ,i   problem  •  •:    the   near 
Thin  I    all    railroads    engaged 

thi    cod  equenl  subordination  of 
■  Kovern- 


meiit.    Federal    incorporation   Bhould    run   on   ail   fours   with 
consolidation.    It.  thus,  al  o  becomes  a   problem  of  thi 
are. 
it    is    Inconceivable   that    the    fifteen    to   twenty-five 

railroad  s\  stems  of  t he  future  these  permanent  consolidated 
osteins  of  which  I  have  Bpoken  should  bi  Bubjecl  to  thi 
individual   states,    They   should    legallj    be   federal   corpora- 

them     .-ueh     the     railroads     will     be 

benefited  and  the  public  will  be  Berved  better. 

Tin  fourth  problem  is  the  development  of  executive  ma- 
chinery tor  the  constructive  regulation  of  railroads  and  for 
tie    development    of   a   unified  ol    transportation    by 

railroads,  highways,  waterway:   and   possibly  by  airways.   This 

it    five    years,   during    which 

period  all  the  agencies  ami  facilities  ol  transportation  should 

he  welded   together   into  .Mini;   nil    parts   ol 

the  country  with  maximum  e<  momy  and  efficiency 
problem  ol  executive  machinei tj  no)  Beem  to  you  Impor- 
tant but  railroad  regulation  hi  long  sin...  r.i,-. I  t.,  be 
primarily  a  semi-judicial  problem.  There  remains  yel  the 
semi-judicial  problem  of  rat.-  regulation,  which  will  be  exer- 
is  far  as  the  federal  government  is  concerned,  by  the 
interstate  Commerce  Commission;  but  the  regulation  must 
be  constructive,  and  there  must  be  administrative  and  execu- 
tive machinery.  To  make  thai  regulation  helpful,  ex. 
or  administrative  machinery  must  be  provided.  The  Inter 
Commerce  CommisE  I  mg  of  eleven  men — semi- 

judicial  in  temperament,  tran,.;..  and  environment  does  not 
constitute  a  body  for  effective  executive  or  administrative 
Id  my  ludgment  a  Ti  insportation  Hoard  of  not  more 
-ii.  possibly  tin.  men  would  be  better,  should 
be  created,  with  power  to  bring  about  the  coordinated  de- 
velopment of  railroads,  highways,  waterways  and  airways. 
Economies  of  Operation.  The  fifth  point  is  as  follows:  The 
introduction  wherever  po-  bli  ol  economies  in  the  operation 
of  railroads.  Our  transportation  systems,  which  have 
oped  under  conditions  of  enforced  competition,  include  many 
duplications  of  facilities,  particularly  in  large  terminals.  By 
coordinating  terminal  facilities  and  by  operating  them  as  a 
unit  in  each  large  terminal  area,  it  will  he  possible  to  i 
the  expenses  both  of  the  carriers  and  of  the  shippers.  1' 
should  be  the  policy  of  the  Kovernmeut  to  facilitate  all  efforts 
of  carriers  to  bring  about  the  common  use  and  joint 
opment  of  terminal  facilities  The  Interstate  Commerce  Com 
mission  by  the  Transportation  Act  of  1920  has  been  given 
two  significant   powers:    'i>    ["he  joint   use  of  terminals,  as. 

lor  instance,  the  joint  use  Ol  the  Pennsylvania  terminal  by 
the  Baltimore  &  Ohio  and  the  Pennsylvania  railroads.  It  can 
thus  permit  or  compel  Beveral  railroads  to  use  the  same  ter- 
minal. (2)  It  also  has  the  power  to  bring  about  the  common 
development  of  future  terminal  facilities,  because  the  Com- 
mission must  pass  upon  security  issues,  for  when  railroad 
corporations  apply  to  tin-  Commission  for  permission  to  issue 

nity   for  the  development   .  t    a   certain   terminal,   if  the 
Commission   Is   ol   the  opinion    thai    sev.-rai   carriers   should 

rate    in    that   development   it    can   refuse    to    permit   the 
Issue  of  such  security  until  such  carriers  do  unite.    It  has  the 
power,  then,  under  the  Act  of  1920   to  bring  about   a   j 
degree   of  unification  under   private   operation    and   construc- 
tion,    its  authority   should  be  fully    exercised,  ami  if  expert- 

iiould  show  that  additional  powers  are  i led  by  the 

Commission,  such  powers  should  be  granted. 

Summary  of  the  Situation.  From  this  brief  statement  7>t 
the  main  requirements  Of  the  present  railroad  situation,  the 
following  diagnosis  may  be  mad.-  ol"  the  present  railroad 
transportation  problems  confronting  the  American  people: 

The  cost  of  operating  and  of  extending  the  railroads  must 
be  brought  down,  and  this  can  he  accomplished  only  tl) 
■  I..-  railroad  executlvi  regain  control  over  the  man- 
agement of  their  biisiiio-s  To  -..in.  extent  they  have  such 
control  ot   the  management   of  their  business,  but    from  the 

days  of  the  Adamson  law  there  has   been  8  otitrol 

by    them   over  their  own   properties.    The   railroads   have   been 

returned    to    their    owners    undei     conditions    which    make 

discipline,  economy   an.!  ii.in.lv    difficult      I  am 

of  that  old  school  which  belie-. , 

economic  transportation   unless   the   railroad   companies 

he  given  the  ant  ho i  it  v   t..  .|.  t.  rmlne  their  own  policies  I 

..p.  ration    ..i    their    properties      I    do   not    mean    the    federal 

ament     hould   not   have  a   large  share  of  control  over 

employer    and  employes,  bul   that  control  should  stop  short 
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of  reducing  the  power  of  the  company  to  enforce  dJ  Clpline 
in  the  management  of  its  affairs. 

il'i  Another  factor  in  the  coal  of  extending  and  operating 
the  railroads  is  the  reduction  in  the  costs  of  supplies,  equip 
in. mii  and  new  plant  These  should  be  made  as  low  as  mod 
erate  profits  on  the  part  of  producei  will  permit.  This 
redaction  In  the  cosl  of  railway  supplies,  equipment  and  plan! 
may  he  expected  to  accompany  the  return  of  industry  to 
more  normal  conditions. 

The  revenues  of  the  carriers  must  be  maintained.  The 
hampering  laws  and  commission  rulings  ol  the  sereral  states 
as   to   in  t  last  at.-   rat.-s   must    give   way   whenever   the   laws   and 

regulations  Interfere  with  the  unified  regulations  of  railroads 

ly   the  federal  government    .Moreover,  present   rates,  though 

•.illy  higher  than  they  ought  permanently  to  be,  must 

in    maintained  at  least  until  the  traffic  of  the  railroads  shall 

return  to  normal,  as  it  will  return  gradually  with  a  resump- 
tion of  the  building  trades,  the  construction  of  road  and 
bridges  and  the  renewed  activity  of  manufacturing  industries. 
if  voluntary  consolidation  does  not  work  out.  we  maj  be 
obliged-  we  shall  be  obliged — to  resort  to  compulsory 
consolidation. 

Both  the  government  and  the  great  body  of  investors  must 
facilitate  the  carriers  in  securing  the  added  amount  of  cap- 
ital necessary  to  rehabilitate  the  railroads  of  tie-  country. 
The  government  regulation  of  security  issues  must  he  made 
as  helpful  as  possible.  The  government  must  make-  the 
promptest  possible  payment  to  the  carriers  of  tin-  tour  hun- 
dred million  dollars  it  now  owes  them,  and  what  is  especially 
Important  the  banks  ami  buyers  of  securities  must  keep  their 
faith  in  American  railroads.  Capital  can  come  only  from 
private  or  governmental  sources.  If  we  permit  it  to  come 
From  governmental  sources,  we  shall  run  the  risk  of  fastening 
upon  ilo-  country  the  government  ownership  of  the  railroads. 
government  should  proceed  promptly  with  the  formu- 
lation and  publication  of  plans  for  the  grouping  of  railroads 
limited  number  of  competitive  systems  of  compara- 
tively equal  strength,  and  the  railroads  should  be  encouraged 
in  every  way  practicable  to  carry  out  these  plans  for  con- 
i  ion. 

And.  finally,  in  dealing  with  this  complicated  railroad 
question — with  its  labor  problem,  its  financial  difficulties,  and 
tin-  intricacies  of  government  regulation  of  rates  and  service 
— we  should  all  keep  our  heads  level  and  keep  them  cool.  We 
should  retain  full  faith  in  the  future  of  this  great  country,  in 
its  industrial  development,  in  the  progress  of  our  railroads, 
and  the  continued  dominance  of  those  moral  and  spiritual 
forces  that  have  made  us  successful  in  the  past  and  will  make 
us  triumphant  in  the  future. 


Valuations  by  New  York  Transit  Com- 
mission Protested  by  Companies 
and   Security   Holders  as 
Grossly  Inadequate* 

'l"he  tentative  valuation  recently  submitted  by  the  New 
York  Transit  Commission  for  the  various  traction  properties 
in  New  York  City  i  "Chronicle"  of  Feb.  25,  p.  803,  and  de- 
tailed table  herewith)  preparatory  to  the  adoption  of  a  plan 
for  the  merger  of  the  city's  transit  facilities,  has  met  with 
nphatic  and  impressive  volume  of  protests  from  the 
various  companies  and  committees  of  security  holders  most 
closely  interested.     These  replies  are  summarized  below. 

Since  prepared  in  most  instances  either  by  or  under  the 
supervision  of  eminent  counsel,  these  statements  possess 
more  than  passing  importance,  and  they  make  it  plain  that 
however  much  the  interests  concerned  might  like  to  unite 
in  furthering  the  merger  plan  for  the  public  good,  they  stand 
in  positions  of  trust  which  compel  a  stout  contest  against 
anything  like  confiscation.  The  reader  will  note,  also,  that 
many  of  the  companies  report  a  greatly  improved  financial 
outlook. 

Interborough    Rapid    Transit    Co.— Excerpts    from    Statement    by 
President   Frank   Hedley,    March  20. 
I'p    to   June    30,    1921.    the    cost    to    the    company   of    the 
construction  and  equipment  of  the  new  subways  and 
elevated   improvements   amounted    to $149,525,099 

„,.*GJ.eatl-v   condensed    from    a  statement    and    summaries   given    in 
the  Commercial  and   Financial  Chronicle.    March  25.    1922. 


Th.'   Bureau  ol    \  alua  Hon   report!    i  hat    I  hi    i  alue  ..i   i  he 

Identical  property  as  of  June  SO,   1921,  js 138,209,830 

Difference   between  actual   cost    and    reported   value.!  11,3 

As  the  greater  pari   ol   I iendltun       ren    mad.    before  the 

excesslv.  u  Ices  due   to  thi    wai     I  ■    pri  sent    value  of  the 

propertj    -     greatlj    In   Bxcesi    ol    It      l.  tual   cost    Im  tead  o 
over  $11,000,000   less   than   cost   as   reported. 

If  the  same  propertj  were  to  bi  reproduced  toda]  II  would  cosl 
not    loss,    than    $200, 

The  time  allowed  for  analysis  of  the  valuation  report   has  been 
too  short  for  exact  results  but   It  would  seem  as  if  tins  dlfl 
of  $11,315,209  Is   made  up  ol   Items  which   maj    bi    put    Into  three 
classes: 

Depreciation    $  ::   

Chief  engineer's  deductions  from   company   costs 

Discount   and   expense    4.387,504 

Total    $n,a 

The  alleged  depreciation  sei  mi    to   be  calculated  on  a    th 

or  soealled  straight  line  basis  having  no  relation  to  the  actual  con- 
dition of  the  property. 

The  company  denies  that  the  property  has  depreciated  in  value 
and   alleges  on   the   contrary   that   its   value    has  appreciated. 

The  chief  engineer's  deductions  are  also  objected  to  and  unless 
less  modified  upon  a   re-determination   will   have   to   be   submitted 

to  arbitration    before  an   impartial   board,   as  provided    in    tl n- 

tracts. 

The  matter  of  depreciation  will  also  have  to  be  arbitrated  as 
provided  in  the  contracts.  The  company  cannot  consent  to  have 
.  Ither  of  these  questions  "tried  out"  by  the  Transit  Commission. 
as  your  letter  of  Feb.  L':;.  1922,  sti.tes  that  you  purpose  doinn  upon 
receipt  of  objections.  It  is  not  consistent  with  fairness  to  permit 
a  party  to  be  the  judge  in  his  own  case.  It  was  for  this  reason 
that  the  contracts  carefully  provided  for  arbitration. 

As  to  the  discount  and  expense  of  procuring  the  money  which 
the  valuation  bureau  has  deducted,  the  company  objects  on  the 
ground  that  the  bureau  has  apparently  fallen  into  error  in  assum- 
ing that  it  should  ascertain  present  value  according  to  the  formula 
named  in  dual  contract  for  acquisition  of  the  property  by  the  city 
at  the  end  of  the  first  ten  years  of  operation  or  thereafter,  in 
which  case  the  city  must  pay  115%  of  the  "net  cost"  in  money  of 
the  property  or  a  gradually  diminishing  percentage  each  year  after 
the  tenth  year. 

That  premium  was  contracted  to  cover,  among  other  things, 
the  discount  and  expense  of  procuring  the  money  above  the  "net 
cost"  allowed  by  the  contracts,  and  it  is  absurd  to  propose  to 
take  the  property  after  only  3U  years  of  operation  without  making 
provision  to  cover  this  discount  and  expense. 

To  ask  investors  who  within  the  past  three  years  have  bought 
$38  144.400  of  the  company  notes,  and  within  the  five  years  prior 
to  that  bought  $162,106,000  of  bonds,  to  accept  less  than  par  and 
interest  savors  so  much  of  repudiation  by  the  City  of  New  York 
that  it  is  inconceivable  that  the  Commission  will  find  itself  able  to 
adopt  the  valuations  its  bureau  placed  upon  the  property  provided 
under  the   contracts  of  March   19,   1913. 

The  Commission  consented  to  the  sale  of  $52,615,000  of  the  new 
bonds  to  refund  the  investment  of  the  company  in  the  original 
subways.  The  exact  figures  agreed  to  by  the  city  experts  were 
$48,339,515  as  of  Dec.  31,  1912.  But  the  1922  report  cuts  this  down 
to  $43,S9S,4T9  before  depreciation — a  reduction  of  over  $4,000,000. 
and  on  top  of  this  cut  is  a  further  reduction  for  alleged  deprecia- 
tion aggregating  $7,887,251,  leaving  as  the  valuation  of  the  entire 
property  of  the  company  in  the  old  subways  $36,011,228  as  of  June 
30.    1921. 

The  actual  cost  of  these  properties  as  shown  by  the  books  of 
the  company  is  $62,655,243.  The  allowance  of  $48,000,000  in  1912 
was  for  tangible  property  only.  Ii  30%  be  added  as  the  usual 
percentage  to  cover  the  intangible  costs  above  mentioned,  the 
property  was  worth  in  1912  its  book  cost  of  $62,655,243.  It  has 
depreciated  in  value  since  1912.  Cm  the  contrary  its  cost  to 
i.  produce  at  the  present  time  would  approximate  $100,000,000.  It 
must  be  remembered  that  the  cost  of  the  old  subway  was  Incurn  6 
during  a  period   of  low-price  levels. 

From  the  foreging  it  appears  that  the  present  value  of  the 
property  in  question  is  at  bast  $300,000,000  instead  of  $174,221,058 
reported   by  your  Bureau  of  Valuation. 

Other  assets  not  appraised  by  your  bureau  but  which  are  repre- 
sented by  the  capital  stock  of  the  company  increase  the  presi  at 
value  of  the  entire  assets  of  the  company  to  a  sum  greatly  In 
excess  of  $300,000,000.  Yet  your  reported  valuation  would  not  be 
sufficient  to  pay  par  on  the  outstanding  bonds  and  notes,  thus 
leaving  nothing  whatever  for  the  stock. 

It  must  be  remembered  that  the  contracts  of  1913  contemplated 
that  this  company  would  earn  from  its  subway  operations  alone  a 
return  of  approximately  9%  on  its  stock.  It  has  been  calculated 
that  the  present  worth  of  the  rights  under  the  subway  contracts 
alone  is  in  excess  of  $70,000,000,  or  over  twice  the  par  value  of 
the  stock. 

This  company  understands  that  the  Manhattan  Railway  Co 
will    file   a    statement   of   its    own   views    concerning   the   reported 
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I    to  that       ol    tiiis  .    ■  oi    n,.    .,, ,n|     . 

the  iiald, 

This  The   Bureau   is  attempting   to   find    th<    fail    reconstructs 

theh    validity        lest  depreciation;   it   may   us, 
■■1    the    United       Ing  upon  the  reconstruction  coat;  bul   whili    purporting  to  us, 
original  coal    II    refuses   t..  accept    thi    nmouni   actuall}    ;,  , 
in   thi  .  standing  that  if  the  railroad  of  the  Manhattan  Co.  wet 

rransll    Comm  ted  today  thi    i  .  cured  in  any  ease 

paj  men!    of   ii    siiiii    far    in  •■'.. 1SI 

future  receive  .1  retun  il  and  1  tm^-  permit  thi    eompan) 

Excerpts    from     New    York     Railways     Adjustment     Income     Bond- 
holders'    Committee,    Statement   of    March    17. 
Excerpts     from     Piotest     by     Interborough  -  Metropolitan     Co.     4'  ,"„  The   Valuations   Submitted.     Our  examination   of   tl,.-   valuations 

Bondholders'   Protective   Committee    March   18.  ,,,,„,,.    ,,„.    ,,, 

«   oftered    to  ei  nder       ,,,  ,,„,.  8ympathy  „„,,  morts   to  solvi 

■'  "       cltj    bj   .  n>    hi.  Hi.  .1  wl 
'  itlng    Hi.     prop,  in     ul     the    wcurltv     hold 

Hi.    properties   us       V11I ,,  irolved. 

In   no   ev<  nl    could   «.    1  on   theory    wl 

that    •"""•   '■'  '  "s   "'    ""'    '"""!'■  on  condltioi  a   now    non-<  xlstenl 

■  rborough  and    M  uIU   ...  u,    ,     , 

-    problem   bi  fori    us  app< 

ni  11,..  r   who   has  vain  irket 

:  "r  "'•-  ll"•■,  Company's       ,.,,,„    a8   ,,f   Jun(    ;t„     ,,,_,,         ,,  .    ,,,,   „,,,    unaenitand    why    land 

should  bi    valued  al  whlli    thi  tltuents 

"on:  of  the  systi  n 

ugh  and   Manhattan  bonds  and  notes  outstand-  ,„.  constructed  from  20  to  *  .    were 

luslvi    o1    Interborough  bonds    In   the  sinking    wortn  „,,  „„,r,,  „,,„.  ,,,.,,,  .      ,, 

rund)  ■■  lOfl  Valuations  for  purchasi  il,    bi    based  on  prlncipl, 

aluatlon  of  ti..  h  and  Manhattan  Injurious   to  I    pi rtj    than    those   employed   in   the 

.I,, 1  bj   your  Valua-  ,,„,.  .^,,,,1..,,      ,  ,    powers       \t   leasl   us  many 

iuld    1      In,  H..I.-I    In   a    "pui  as    are 

1,1  flrst  ....Mini.. niy  considered  In  a  •      (Denvei    ■■       Denvi 

228.595,261        Water  Co.,  246  TJ    8.178     1         and  both  in  pui  and  in 

1  ■  s  "thi   valu,   ■  perty  Is  to  bi    determined  as  of 

1  ■    which  Hi.  alua-  ,  ,  ,  „  ,hl.  ,,,,,,,,,  v  ...,.■    (Wilcox  *-    C01 

ds  and  1  .   1      g     ,,, 

*    3.202.139  [n  In,    M|nnesota   1;.,,,    ,    ..,     23o   r    >    852,  the  Bupremi    Court 

eproductlon  cost  of       said:    "The   property    is   held    In   private   ownership  ami   it    is   that 
Manhattan   lines  .,1    1921   prices    less   depreclatii  property,  and  not   thi  t  of  It.  ol   which  the  owner  may 

on    proposed   by  your   Valuation    Bureau   Is  only   S238,-        not   I irived   without  law " 

This    valuation    es a    the    aggregate    amount    .,f    the  '..»    In  this  respect         nol   arbitrary,  It  a,-,-,.r.ls  with  com- 

.111,1   Manhattan  tion.ls  and  notes  outstanding  by  only        mon   sense  and   econo 

and    properties    ol    even     charai    ei     ad  •  endous 

•    appraisals  ol    the    Nev,    Sork       extent  which  the  prices  of   192]   have  doni    over  thosi 

Rajiv.  Interborough-       where  commodities  ol  every   kind  share  this  price-advance  "ti  sub- 

ratlonB,  ;t   is  enough  to  say   iiiat  the  aggregate       stantially   equal  termi      ind  dei  I    thai    the  values   ol 

of   your  Valuation    Bureau  on   the  basis   recom-       rail  apparatus  and   other  1    the   New   Y..rk 

men.,..  9.871,785,  which  is  less  than   half  ol   the  am,. um        Railways  System  have  nol   advanced   substantially   mor.-  than   the 

bonds  and  other  ol  ting  on  the  properties  which       prices    ol    food,    clothing  essarles— then    it    is   clear 

he  valu,    of  a  parttculai   commodity   has  nol  changed  as  com- 
eorganization  w    have  in   view  should   make  It  1  tared    with   the   values  mmod  ties     bul    that    the   value 

the  owners  of  tl"    tnterborougb  rate  with   your       ,,r  the  dollar  has  fallen  measured  in  the  terms  of  all  commodl 

ng  the  city's  transit  problem  and  you  may   reel        it   takes  no  more  steel  and   no  more  labor  to  produce  a   rail   now 
■  we  shall  at  all  times  be  ready  to  irrange-       than   it   ,iiil    in  illars  are   necessary   to   pay    for   the 

vlth  the   public  authorities  that   will  adequately  protect   the       rail  value  ol   thi    dollar  has  declined. 

Hows   that   payment    In   present-day   dollars  must    be 

Excerpts  from   Digest   of   Statement   by    Alfred   Skitt.   President  at    present-day     prices        ■      prices     are     mad-     by     the 

Manhattan    (Elevated)    Railway.  exchange    value   Ol 

Manhattan   Railway  Co.  has  engaged  Messrs.  Nor  could  wi    lustlfj   oui  irlty  holders  whom  we 

otherwise    em-        represent    In    bargaining    ....  operties   in    which    th.->    are 

aki    .,  report  of  the  valua-       Interested  at  less  than  tl ndemnatlon  value  of  thosi 

■    thi    properties   of   the   Manhattan    Railway  Co.;    these   en-  Of  the  ■"•',.   adjustment    Mortgage  bonds  of  the  New   York    I 

h  the  ,  ngineers       wa  life  Insurance  com- 

lation   in  examining  charitable   Institutions   and   other   seml-pul 

•  1    ,,f   their   valu.       Messrs.    Coverdale   &       and   119.845, are  hi  d  nvestors,   an   avei 

reporl        holding  of  less  than  fit 

According  to  the  method   ol   valuing   properties   In   this  country 

the   valuation   of  <   In  the  oplnl  Supremi    Court  of  th-  fnlted 

eers  representlnt  narlly  followed  the   present   value 

of    the    operating    properties    compi  o-ealled    New    York 

and    In    the    supporting   data    upon        Railways  System    (Including   thi    Fourth.    Eighth   and   Ninth    Ave 

,,,,,„,    ,,,„„, I    by    the        nu,  •    data   provided   by  the  Valua- 

pn  s.nt   the  fair       tion    Bur,  au    its.  it     ap]  • 

.lata   underlying   that    figure    we    shall    be   glad    to    inv, 

assure,!  that   smii  a  method  of  valuation   Is  serW 

•    found  the  actu  ouslj    to    be    considered.      [Th,  le    ngny 

follows:       nai  '  '""*" 

I  is  ,.f    !<>;i    prices,   namely.   J99.- 

756  522   as.   reported    by   th, 

5,042,982        stated    by    the   Commission    to   be   required    to   pit the   Bystem   In 

dltion 

1    1111    ,,f    J15.176    ' 
Vain: .1  •'•""" 

Ul     of     tl..         Second    Ave.     R.     R—  Receiver    Considers    Property     Much     Under- 
valued, 
to   prop- 

the   valuation   of   this   property.  »n 
undervalued 

valu.         building    of    ear   housi    and    the    r.al    estate    of    tin- 
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which    >  "ii    do   nol    Allow    as    much   as    I  placed 

thereon  by  the  Cltj   of  New  ^'<■rk  for  tax  purpose:      This  propertj 
In  accordance  with    ts  earning  capacity,  as  •  >.  di  rental 

ii .-.  \\  ni   i  hi  ii  for,   should   be  valued   for    i 

Excerpts  from    Brooklyn    Rapid   Transit    Co.    Digest   of   Stockholders' 
Protest    March    18. 

Vs nmltti  ■    on  anl   •  6   to  protect    the   Inti  rests  ol 

holders  ol   Urooklyn   Rapid  Transit  Co.,  we  represenl  .1  class  of  Ih- 
more    than    10,000    Individuals,    owning    In    the 

aggregati    ovet    $74 1"  stock,  all  ol  ■    Invested   In 

good   faith    hi    propi  rtles  ■»  r00   miles   of 

track,    and    which    have   always    been   consider! 

e  than  three  years,  these   prop<  been   In 

bond  issui  s  an 
the  operation   of   the   railroads   has   beei  I   under 

conditions,    and    tin    stockholders    ari     properl}    con- 
n  Ith  anj    sui  1  natlng   from  a  respi 

upon   the   future   ol   their  propi  1 1 
on   thi    •  xecul  1  ontracl    In    Marcl 

imptly    anil    faithfully    to   carrj    oul    Its    pari    of 

rgain  to  the  vers    letter.     The  stockholders  did   their  part   In 

placing  'in    companj    In  a  position  to  finance  its  obligations  under 

tl ontracl   bj   auth<  n  their  rapid  transit   and 

properties    to  P60.000.000   of   obligations   which    wen 

ei  essary  funds  for  >  1 nsti  in  1  Ion 

and  ei  mpany's  share  of  the  new    lines, 

•      was  expended  by  the  company  under 
Hi.-  ill'  on  and  control  of   the  Public   Servici    Commis- 

.    notwithstanding  the  rising  price:    and 
inantlclpated  burdens  Imposed   1  ■  >    the  World  War.  the  com- 
rk  proceeded  with  the  utmost  dispatch 
1  m  the  other  ham]    the  city  has  unreasonably  and  without    lust 
•  aiis.    delayed  the  construction  of  important  lines  which   it    under- 
took  tn  construct    with   due   diligence,   and   even   now,    nin< 

after   ■  ."I.-,   the  14th   St.    Bast    New    i'ork    Line 

from  a  revenue  and  servlei    standpoint,  one  of  the  most   impi  rtant 

— has   not    onlj    nol    been  completed,   hut  substantial   porl s   have 

'i  placed  under  contract;  and  the  construction  ot 
Nassau  SI  Loop,  tl"'  use  ol  which  we  are  advised  would  effect 
vi  r>  sul'stantial  i.j.i-i at  ing  economies  and  thus  materially  increase 
tl"  revenui  ol  the  properties,  has  not  even  been  begun.  These 
fusals  "f  the  city  constitute  violations  of  the  contract 
which  "■  art  advised  are  verj  largely  responsible  for  the  present 
predicament    of    these   properties. 

The  operating  ratio  of   the   rapid    transit   lines,    which,    In    voui 

report  t..  the  Board  of  Estimate  in  .May.  1912,  you  estimated  would 

nol    In   anj    .\    nt    exceed     ■",.    for   the   enlarged   system,   amounted 

•.    1,1    the  fiscal  year  ending  June  30.  1919.  to  Sl'.:^  in  1920, 

and   t"  94.43%    in   1921,  as  shown   by  the  tables  annexed   to 

■""   Bureau  ol   Valuations.    This  increase  was  due  not  only 
economii     conditions    prevailing    generally,    but.    to   .1    verj 
"'"-'■    extent,   to  the  failure   and   delay   on   the  part   ol   th<    cltj    to 
.'  mplete   the  lines  to  be  constructed  by  it. 

your   engineers    state    that    they   have   endeavored    to    ascertain 
actual  or  original  cost,  and  that,  where  this  has  not   been  a       1 
tainable,    they  have    "estimated"    the  same  on    various   theot 
assumptions   as   to   conditions    under   which    the    properties    should 
'■■■  •  "   constructed.     Apparently,   however,   no   real   effort    has 
■    check  the  actual  investment,  especially  with  respect 
Older  properties.     In   this  manner,  an  unfair  imp 
■'  "    "'     public,   and    both   your  Commission  and    the  public 
ma\    be   grossly   di  celved   tl"  n  bj  . 

The   actual    invest  mint    in   B.   R.   T.   system  exceeds  $238,000,000. 

This  does  not   include  any  value  for  franchises,  nor  does  it  include 

amount  chargeable  for  interest  during  construction,  appre- 

1    real    estate   over   original   cost  and    other    items    which 

Would   very  substantially    increase   the   above   amount. 

■    to    this    actual   investment,    which    is    $10,000,000    hi 

"f  the  net  capitalization  of  the  B.   R.  T.   System   outstand- 

'|'is  of  the  public  Dec.  SI,  1921,  your  engineers  propose 

basis    ..I    their    theoretical     assumptions     as      to 

"actual"'    or    "01      ..  ost,    only    $154, 01         difference    of 

Tnis    recommendation    is    obviously    so    unfair    as    to 
afford   no  basis   for  discussion. 

The    outstanding    debt    against    this,-    properties,    including 
underlying  bonds,   notes  and  bonds  issued  since  1913,  with   It 

certificates,    tort    claims    and    other    obliga- 
tions,  is   estimated    at    over  $135,000,000.   approximately    STs.ooO.OOO 
li    has    been    expended    sinci     1913,    under   the   direct    super- 
vision   and    control    ol    youi    Commission    or    your    predecessors    in 
authority. 

To   provide    for    this   debt    of    over    $135,0 0      four    engineers 

recommend  a  valuation  of  approximate!}    $96.0  ""0.000 

ide   for   the  debt,    thus   eliminating   com- 
all    stockholders'    equities    in     the    properties.       In     N 

\      this    valuation,    your    engineers    have    placed    a    net    vs .if    ap- 

I  proximately  $22,400,000  on  the  company's  extensive  elevated  rail- 
road syst.-m  in  the  Borough  of  Brooklyn,  which  was  given  an 
earning  power  under  the  contract  with  the  citj  of  $3,500,000  per 
annum,    which,    capitalized   at    5<%    (the   rat-    proposed    under    your 


plan),   would   support   a    valui    ol   at     east    -. the  prop- 
erty. 

in  conclusion,  we  would  1  ention  to  thi 

earning    powei    ol    these    properties    has    shown    marked    Improvi 
■  ".in   during   thi    current    fiscal   yeai      Conditions  are  beglnnini    to 

return    to  normal.     The  avi  1  agi    opi  ratini     rat 1  ludlng    taxi  si 

"i  thi    surface  lines  has  been  reduced   from  91  1  \%   In   L921   to  about 

01    the   firs!   seven   1 tths  of  the  current      eai     and   tl - 

rati eluding    taxes)    ol    the   rapid    transit    lines    has   simi- 
larly been  reduced   from   94.43%   to  about 

The  companj  has  a  contraci  with  thi  citj  which  it  has  lived 
up  to  under  most  trying  conditions,  bul  which  th hat  flag- 
rantly and   ib  liberati  i>    1  lolati  .1       1  hi    pi                        .    1  he  city  of 

Ig  "  Ions   "".I.  1   11 itrai  1     in  Ith   lu  I  pi  nsation  for  past 

defaults    which  we  are  advised  should  h.    at   least  $: would 

permit   the  receivership  to  be   terminated  at   once;  and   we  propose 
to  request  the  Court  and   Its   Receivei    to  taki    all  steps  appropriate 
i"  .in. .ii-.    the  company's  rights  in  this  connection, 
Nassau   Electric   R.   R.  Committee  for   First  Consols   Dissents   (Con- 
densed)    March    20. 

The  ."in.-  ol  Hi"  properties  of  the  Nassau  Electric  K.  R  Co 
recommended  bj  thi  Bureau  ol  Valuation  is  $3,227,539.  if  bonds 
for  this  amount  should  be  issued  under  your  plan  for  the  Nassau 
properties  there  would  remain  for  the  holders  of  the  $11,508,000  of 

Consols,  i"  represent   the  principal  amount   ol   such   1 1     and   the 

0,960    of    Interest    accrued    thereon,    after    payment    with    the 
new  bonds  at   par  of  all    bonds,   accrued    interest,    receiver'     cei 
ii" '.-Hi  s   and   other  claims   having   prioritj    over    the   Consolidated 
Bonds,   less  than   $4,000,000  of  the   bunds   you   propose   to   issue. 

'a  other  words,  the  holders  of  the  Consolidated  Bonds  would 
receivt  In  thi  new  '■■■ ,  bonds  less  than  :.',  0  the  principal  amount 
..I  their  iiouds.  and  nothing  whatsoever  on  account  ol  accrued 
interest. 

Other  protests  quoted  in  the  original  article  but  omitted 
from  this  condensation  were  filed  by  the  following  organiza- 
tions: 

New  York  Railways — First  Real  Estate  and  Refunding  Mortgage 
Committee. 

Lexington  Ave.  and  Pavonia  Ferry  R.  R. — Protective  Committee 
for    First    Mortgage   5s. 

Eighth    Avenue    R.    R.    Co. 

New   York   and    Harlem    R.    R.   Surface    Lines. 

Third    Avenue   Ry—  S.   W.    Huff.   Pres. 

Brooklyn    Rapid    Transit    Co.— Bankers'    Committee. 

Brooklyn    City     R.     R. 

Coney  Island  and  Brooklyn  R.  R.  Co. —  Bondholders'  Protective 
Committee. 

Brooklyn  Queens  Co.  &  Suburban  R.  R. — Consol.  Bondholders' 
Committee. 


Why  Old   Raihoad  Ties  Are  Burned 

The  question  as  to  why  worn-out  crossties  are  burned  by 
railroads  instead  of  allowing  people  to  take  them  for  fuel 
has  been  answered  by  Samuel  Porcher,  general  purchasing 
agent  of  the  Pennsylvania  Railroad,  in  which  he  states  that 
efforts  have  been  made  to  interest  dealers  in  firewood  in 
buying  the  old  ties,  but  thus  far  without  much  success.  The 
causes  appear  to  be  that  the  old  ties  are  often  dirty;  that 
they  contain  stone,  grit  and  slag  wedged  in  the  cracks  which 
might  injure  the  saws  used  in  cutting  them;  that  in  many 
cases  they  are  partly  decayed;  that  they  are  dried  out  and 
that  their  fiber  is  more  or  less  crushed,  so  that  they  burn 
out  quickly.  For  these  reasons  dealers  have  been  unwilling 
to  pay  the  railroad  company  enough  to  cover  the  cost  of 
collecting  the  ties  and  delivering  them  to  a  point  at  which 
they  could  be  removed. 

Efforts  have  also  been  made  to  dispose  of  old  ties  in  such 
ways  as  for  wood  pulp  purposes,  for  extraction  of  chemicals, 
for  burning  and  sale  of  the  ashes  for  fertilizer,  and  for  manu- 
facture into  charcoal,  but  without  success. 

Some  ties  have  been  sold  to  purchasers  living  on  or  near 
the  right  of  way  who  buy  them  at  nominal  prices,  usually  at 
from  10  to  15  cents  apiece.  Such  means  of  disposal  is  prac- 
ticable only  where  the  ties  can  be  delivered  at  a  public 
crossing  or  other  points  so  that  they  can  be  obtained  safely 
by  the  user  and  where  the  cost  of  delivering  them  is  not 
greater  than  the  nominal  prices  obtainable.  The  company 
feels  that  it  cannot  allow  the  public  to  go  promiscuously  over 
its  tracks  and  through  the  yards  to  gather  up  old  ties,  as 
this  would  be  practically  letting  down  the  bars  against  tres- 
passing on  the  tracks,  an  evil  against  which  the  Pennsylvania 
Railroad  has  struggled  for  years  and  which  has  been  the  cause 
of  about  half  the  fatal  accidents  on  railroads  in  the  United 
States.— Electric  Railway  Journal. 
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Steam  Shovel  Casting  Gas  Welded 

The  st, -.nil  Bbovel  is  .i  heavy  dutj  device  and  la  constructed 

ad  up  under  Bevere  working  Btr<    ••       Even  bo  II 

uncommon  for  sum.'  working  i  i  waj   In  the  racking 

vhicb  the  mechanism  i-  put;  ,  time 

the  necessit}   tor  quick  jrel  efficient  moal  pressing', 

Th>    end  -ill  casting  tor  :i  large  Bteam  Bhovel  repaired  bj 

Btylene  voiding  is  shown  In  the  Illustrations.    H   is  a 

hollow  Bteel  casting  aboul  *  ft  long,  3  n    high  and  from   10 

in    i,>  20  in    wide,  with  wails  i'j   i"    thick     The  castli 

centlj  cracked  in  a  dosen  ,,r  more  places  when  subjected  to 

an  overstrain.   Some  ,n  the  pieces  were  Bmall  fragments  thai 

broke  out  and  were  loal     Like  the  old  ahaj  of  the  rhyme,  it 


Fh  I 

m 

fiowL 

Casting  in  the  Shop  With  Breaks  Marked. 
had    done    yeoman    service    only    to    give    way    everywhere 
at  once. 

To  replace  the  broken  casting  with  a  new  one  would  have 
kept  the  equipment  idle  tor  several  weeks.  In  the  ernei 
the  cracked  and  broken  casting  was  Bhipped  to  the  Oxweld 
ompany,  Newark.  N.  J.,  and  was  repaired  by 
welding  in  that  company's  j,>b  simp.  It  was  promptly  Bhipped 
back  and  was  Immediately  returned  to  service,  more  than 
saving  the  cost  of  the  repair  in  the  time  gained  over  replace- 
ment delay. 


Permissible  Wear  of  Rail   Heads  on  Inter- 
urban  Lines 
la.  What  in  your  opinion  should  be  considered  the  safe  limit 

:   on  head  ni   rails  used  on  Interurban  lines,  expressed 

in  term-  oi  per  rent  of  the  total  head  area,  before  rails  should 

e,!v     ibi  What  factors  control  such  wear  limit'.' 

The  above  questions  and  the  following   series  of  answers 

from   operating  officials    were   printed   in    the    May   issue  of 

Aera. 

K    D.  Echrood,  General  Superintendent  of  Ways  and  Struc- 
Northern  Ohio  Traction  Ucron,  <•.     Max- 

imum of  30  per  cent.    The  wearing  limit  being  controlled  by 
itht  of  equipment  In    ervlce  or  the  ability  of  the  rail 

to    withstand    BtreSS    placed    upon    it. 

i   B   Hyatt,  engineer,  Maintenance  of  Way.  Chicago,  North 
Shore   &■   Milwaukee   Railroad,    Hlghwood,    111.     (a)    On    high 

main    line,    rails    should    be    renewed    after    they    show 
I  oi   branch   lines  and  slow 

■  of  26  pei  i  enl  ol  head  area  I 
(b)  The  wear  limit  Is  controlled  bj   amount  of  traffic, 

'   traffic  and  s| d 

;    01 ■    "I     Way.    Ea 

Co.,  Easl  91  Louii .   Mo      (a)  Ap] 

•  nt       i  hi   Tie  '  rolling   such   wear 

limit  .  -   tangent  track,  bj d  of  car.,,  wel 

'    guard    rail 

red  curve  worn  rails  to  approximately  4o  per  cent 

of    lead    area    but    do    not    consider    them    safe. 

,•1  ins   that   guard    rail   was   not    I 
of   curve   worn    i  ion    is 

I  k    may    be    kept    at    COITI  Cl    gage. 

to   Qeneral    Manager,   San   Fran- 
(11 


Oakland    Terminal    Rj    ,    Oakland,   Cal.     (a)    Fifty    per 
cenl  approximately,     (b)   Difficulty  of  maintaining  alignment 

and    [ 

W.  I.  Wilson,  chief  Engineer,  Maintenance  of  Waj  and 
Structures,  Dea  Moines  Cltj  u-  Co.,  Des  Moines,  la'.— (a) 
About  25  per  cut.  ibi  Weight  of  rail  (new)  and  amount  and 
character  of   traffic. 

W.    F  Chlel    Engineer,    Montreal   Tramways    Co., 

Montreal,  Canada      (a)   Thirl  I    undi  i    ordinal-] 

Interurban  traffic,     (b)  Si i  and  weight  of  cars,  foundation 

of  track  and  the  condition 

Edward  M.  Graham,  President,  Bangor  Ity.  ,v_-   Electrli 
Bangor,  Mi  ud  tions  as  much  as  50  per 

cenl    "i    the   rail   head  can   be   considered   a     tht      ate   limit 

ear  on   Interurban   lines   where  cars  as   light    as   28, 

ind  rails  as  heavy  as  80  lb    tee  are  u  ed  and  the  speed 

is    not    excessive.      U.i     !  atrolling    such    wear    limit 

ill    Welghl  In    ,,f   cars; 

i  3  I    Bpeed   Ol    cars;    I  I  i    v  mils. 

1      \    Smith.  Superintendent   ol    Roadway,   Georgia   Ry.  A 

Co.,  Atlanta,  G  ntj    per  ■  •  • 

Btralghl  line  the  limit  would  be  somewhat  lest  than  this,  due 

to  the  fact   that  the  rail  would   become  unsuitable  for  high 

traffic   before  this   limit    was   reached,  due  to  surface 

Ol    tails  and  failut 
Comment    by    Special    Engineer,    American    Electric    Railway 
Association. 
The   above   answers    Indii     ti     that    there   is    quite   a   range  Of 
Ible  wear  of  rail  I  I  tiding  on  whether  si  ■ 

track    or    curves    are    bell  red,    and    on    the    amount. 

Weight   and  speed  of  t  la  i  I     i     rails.      This   matter   hav- 

1  n    studied    h-  i     on    Way    Matters    of    the 

i    In     L921,    the    following    references 
are    giv.,,    i,„.   (hose   who    wish    to   inquire    further    into  the 

Proceedings  American   Electric  Railway  Engineering 
elation,   1921,   |  >  107. 

Also  see   Electric   Railwaj    Journal,  Julj    31,    1915, 

by    Mr     E.    M.   ll..as. 


Personals 

Fmnk  McCune,  gem   a  r  ol   the   Mi  onnect- 

i  appointed. 
H.   T.   Bently  was  on   Maj    i   appointed   general   superintendent 
•  i  motive  power  and  ma                        e  Chica    o&       irthwi    tern  Ry. 
F.    H.    Fuller,   assfa  ta  for- 

merly working  from   Pa  -                    transferred   i.    Spokani 
Graham    W.    Curtis    is    appi    nted     Industrial    cemn 
|    n    Lines,  Canadiai  ■.  ,  .        inm   n     p.  Tlm- 

J.   P.   Carey,   until  n  perintendent  >>f  the   Nebraska  Di- 

i    made 

■  endent  ol   the   I  I  Ion. 

Joseph    S.   Goodwin  an. I    Ross   Schram   .ire,    respectively,    general 

amalgamated 
city  and  company  strei  Detroit. 

Robert    Quayle,    gi  ••    power    and 

t,r    ilftv-four 
years  of  service  with  thai  •  that  he  be  retired 

Geo.    Harries,   civil 

Navy    Denby  with    I  Distinguished    .- 

I  >urlng  the  war  Mr.   n  the  United  Stati 

Ralph    Modjeskl.  coi  r,   and   the   lirm   ,.f   Modjeskl 

■  at    28   E.  .lack.-,,,,    boulevard.     This  will  t„-  n,,ir  address 

Frank  D.  Danielson.  a  cl  village  man- 

in.,   en    April    i    this   year      Mr.    Danielson    has 
•     Including  n 

E.  E.  Mayo,  formerly  division   engine. 
Company's  Portland 

He-  same   position   on   the   F  with    headqi 

at    Sacramento.   Calif.     II     A     Hampten,    fermert.v    assistant    ■■ 
Bed 


Obituaries 

William   R.  Allen  of  Richmond  lied  ot4 

graduate   ol  %  Ivanla.      !.,« 

-I    1891       He  v  nn    Shipbuilding   i  •,ir- 

J.    P.    McDonald,   said    ,•■    l.a\.     i    .  many    miles   ,,f    rallraS 

Knox\  llle,   Tenn  . 
,,u   May  '■.  at   the  age  ol   6'-      Mm  u  ,,f 

lailll    9T   miles 
17  tunnels   in   thi    Island  ol  Ri  Government, 

and  he  consti 

Col.   Clement  A.    F.   Flagler,   commanding    ofllor   ,,l 
United  Stat,      I 
Hopkil  il"   wan    51    ■  •  in      old       During    the    Worl 

the    t'mli     II 
ward    I  ,'1  •  t.,1    and    pi  I, 

he  Third 
St     Mil 

the    famoUF 
■ ..  ,  m  or       While   •■   ■ 
i  tted  with  the  Croix  a.    Guerre  and  the  medal  "f  toe 
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Roads   and   Streets — 1st   Wednesday 
(»)    Roads  (c)    Streets 

(b)   Quarries  and  Pits  <d)   Strict     cleaning 

Waterworks    and    Hydraulics — 2nd    Wednesday 
,:n    Water    Works  (c)   Sewers    and 

i  in    Irrigation   and  Sanitation 

Drainage  (J)    Waterways 

(i   I    Quarries     and     Pits      for      Ballast 
and    Concrete 


Railways — 3rd    Wednesday 


(a)    Steam    Hallway    Con-  (b)    Blectrli       Railwa) 

Struction     and  Construction     anil 

Maintenance  lam  ■■ 


Buildings    and    Structures — 4th    Wednesday 

(.11   Miscellaneous 


(a  >    Buildings 
(b)   Bridsrea 

(c)    Harbor 
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The  Real  Magnitude  of  the  Building 
Boom 

Few  people  realize  the  magnitude  o£  the  building  boom 
that  is  now  in  progress.  During  the  first  half  of  1920  build- 
ing construction  was  back  to  the  pre-war  normal,  but  the 
business  depression  that  started  just  two  years  ago  caused 
a  great  decrease  in  building  operation.  The  building  revival 
started  last  September,  and  is  now  in  full  swing.  Table  I 
gives  the  total  building  contracts  awarded  in  27  northeastern 
states,  as  compiled  by  the  F.  W.  Dodge  Co.: 

TABLE    1   -Bl   [LDING   CONTRACTS    AWARDED  IN    27 
STATES. 

1920.                     lf»21.  1922. 

January     J193.098.000       $87,422,000  $147,585,000 

i-'ebruary     165,633.000  S2. 130,000  156,2 

March     243.721.0C0  130. 134. 000  241,639,000 

April      241,101,000  172.S43.ooil  277.811.000 

Since  building  costs  were  about  40  per  cent  higher  in  April, 
1920,  than  in  April,  1922,  it  follows  that  the  volume  of  build- 
ing was  50  per  cent  greater  this  April  than  two  years  ago. 

Although  the  number  of  square  feet  of  floor  space  is  not 
a  very  accurate  gauge  of  building  construction  in  abnormal 
years,  still  it  serves  roughly  to  indicate  relative  building 
activity.  The  total  floor  area  in  square  feet  corresponding 
to  the  above  given  values  of  contracts  is  as  follows  for  April 
of  each  of  the  three  years: 

.       ,  Sq.   ft. 

April.  1320     60,962,000 

April,  1021     34.471,000 

April.  1922    5S, 146.000 

For  the  year  1913  the  monthly  average  of  total  construc- 
tion contracts  awarded  in  the  27  states  was  $71,475,0nn  iu- 
'  eluding  public  works  contracts.  Since  public  works  contracts 
'usually  average  in  value  about  20  per  cent  of  the  total  con- 
struction contracts  reported  by  the  F.  W.  Dodge  Co.,  it  is 
probable  that  the  monthly  average  of  building  contracts  in 
the  27  states   was   about   $57,000,000   in   1913.     Building   con- 


struction costs  are  now  about  75  per  cent  above  the  costs  in 
1913,  so  that  at  present  prices  the  monthly  average  of  build- 
ing contracts  awarded  in  the  27  states  in  1913  would  have 
been  $100,000,000.  Contrasting  that  $100,000,000  average  with 
the  $278,000,000  of  building  construction  contracts  awarded 
last  month  in  the  27  states  gives  a  pretty  clear  conception 
of  the  true  magnitude  of  the  building  boom. 

The  Commercial  and  Financial  Chronicle  publishes  periodic 
statements  of  building  permits  in  286  cities,  thus  covering 
practically  every  city  having  a  population  of  more  than  25,- 
000,  or  70  per  cent  of  the  total  urban  population.  Table  II 
is  from  the  April  29  issue  of  The  Chronicle. 

The  recent  abnormal  increase  in  building  operations  in 
Xew  York  City  is  attributable  not  only  to  the  housing  con- 
gestion  that   occurred   during   the   war,   but   to   the   existence 


To  Our  Subscribers: 

Owing  to  our  increased  business  and  circulation,  our 
circulation  department  has  found  it  advisable  to  install 
an  entire  new  addressing  and  mailing  system,  operated 
upon  the  most  modern  methods  and  with  the  latest 
and  most  efficient  mechanical  equipment  to  be  had. 

This  change  of  system,  which  has  been  under  way 
for  some  six  weeks  and  is  now  almost  completed,  in- 
volves more  labor  and  more  difficulties  than  are  prob- 
ably realized  by  most  readers  unfamiliar  with  such 
matters;  and  during  its  progress  there  are  inevitable 
errors  and  delays  in  correspondence,  changes  of  ad- 
dress, new  orders,  etc. 

With   any   of   these   annoyances   by    which   you    may 

have  been  affected  we  ask   you  to   be   patient;   but  at 

the  same  time  kindly  to  inform  us  of  any  errors  which 

you  wish  rectified  or  of  any  continuance  of  such  errors. 

ENGINEERIXG  AND  CONTRACTING. 
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■i   and  Contracting  for  May  24,  1922. 


of  a  law  that  exempts  now   building 

The  boom  In  Los  Angeles  la  largel)  attributable,  we  think, 
to  a  great  .  unpalgn     The  slogan  "i  real  estate 

men.  contractors  and  bankers  alike  has  been 
"Own  Yom  Own  Home."  Freedom  trom  labor  troubles  has 
also  contributed  greatl]  to  the  Loa  Angeles  boom  in  fad 
that  citj  is  an  example  of  what  can  be  accomplished  under 
Industrial  freedom  when  energeth  business  men  are  at  the 
ln-lni. 

TABLE    11      VALUE   OF    BUILDING    PERMITS. 
No 
Feai  ilde  cities.  Total  all 

,0,82S.1M 

1919  .  ■  '    ."".lv.  1.243.424,570  1,504 

1918  140,921 

[03  ,,.  x  .... 

1,440  1.140,1 

:m  i:i\.n.-..2<a 

.  . ■  ■■!       -  S18. 029.278  980 

228.601  208 
1911     . 
1910     .-  223  213,848.611  ..;  I    I6S  183 

r8.108.l  1,018.785.9' 

.  i   .    .  • 

200  197.818.715  171.735  802 

241,064.458  584  181  )05.551 

$3,413,511,627       *13. 148. 711. 065       $16,562,222,692 
ijigeles     Chi  Los  Angeles.    Chii 

ISO  104.610        191  i  H7.361  1.651,610 

1920  .  76,178,150        l'.'i::  ::i  i:ii.vli         v- 

1919  ....   28.253.619       104,198.850        1912  31,367,995 

1911      ....    23,004,18 
1917                                      64,188,760        1910 
1916     -  112,886,160        L909     13, 260, 703         90 

Note:    The  buildii  or  relative  building  cost,  "f  the 

Associated  General  Contrai  >     1918,   100  per 

■  -      1916,    98;    1916  108:    1917,    i  '•      1918,    i  18;    191  I 

121     189;   Dec,   1921,  186. 


The  New  "Index"  of  Building  Material 
Prices 

The  U.  S.  Bureau  of  Lahor  publishes  monthly  an  "index" 
of  building  material  prices  which  shows  the  general  price 
level  of  building  materials.  Hitherto  steel  has  not  been  in- 
cluded among  the  materials  whose  weighted  average  pri<  es 
have  been  used  in  calculating  the  building  material  price 
index.  But  hereafter  structuial  steel  is  to  be  included.  Ex- 
cluding structural  steel  and  a  few  other  building  materials 
the  building  materials  price  index  for  April  was  201,  as  com- 
pared with  100  for  the  year  1913.  But  including  structural 
steel  and  other  important  building  materials  not  hitherto 
included,  the  price  index  for  April.  1922,  is  156. 

The  difference  between  201  and  156  is  so  great  as  to  make 
it  certain  that  the  entire  difference  it  not  attributable  to  the 
inclusion  of  structural  steel.  It  is  true  that  the  "weighting" 
hitherto  used  has  been  based  on  the  quantities  of  building 
materials  produced  in  19<i9,  whereas  hereafter  the  "weight- 
ing" is  to  be  based  on  the  production  in  1919.  But  no  change 
in  "weighting"  accounts  for  so  great  a  change  in  the  index 
price.  We  have  written  for  a  statement  in  detail  of  the 
materials  and  their  "weighting,"  so  that  in  our  next  Building 
and  Structural  issue  we  shall  be  able  to  give  all  the  reasons 
why  the  building  materials  price  index  has  been  changed 
so  radically. 

hown  elsewhere  in  this   issue  the  wholesale   price  in- 
t    all    commodities    was    162   In    April   of    this   year  as 
compared  with  154  a  year  ago. 


Standard  Contract  Form  for  Indiana  Architects. — The 
State  Accounting  Department  Of  Indiana  has  completed  a 
I  contract  form  to  be  used  between  public  officials 
who  contract  for  public  work  and  architects.  One  of  the 
first  provisions  of  the  contract  is  thai  the  public  official 
-bull  prepare  a  certified  statement  showing  the  indebtedness 
and  constitutional  debt  limit  of  the  employing  unit.  The 
architect  is  obligated  to  ascertain  or  have  the  state  account 
ing  department  ascertain  the  correctness  of  the  statement 
or  the   arch.-  ted.     The   foi  D 

scribes  bow  the  ar<lilh  et'a  f(  II   be  Collected   bu 

not  state  the  percentages  of  the  fees,  bis  being  left   to  local 
arrangements,     'i  lea  constitute  the  provlel 

Dtxact   and  main    of  them   work   Into  the  law    morel;,    the 
present  requirements  of  the  laws  on  tbe  subject. 


Are  the  Coal  Miners  Demanding  the 
Hindu  "Caste  System?" 

n  s  bundred  educated  Men  '  to  stale  the  funds 

mental   cause   ol    oui    remarkable   economic    progress   of  the 

century,    probabl]    than    "o    would    repl)    th 

sen  'in  e  must   be  given  the  credli      Hut   is  there  noi  .< 
back   ol    Bi  nine    Itsell "      I  in       not    .hi    ,  ffecl    ol    .1    ca 

1  bat  «  e  ol  todaj   are  prone  to  fo 

Whoever  has   read   ol    the    pri   editions   ol    the  earl) 
lists   can   scarcely    have   failed    to    be    impressed    b)    tin 
that    science    thin  itmo  phere    ol    freedom] 

Wherevei    Individual   opinion    and   Initiative   have   been   sup. 

pressed,  progress   n  In    man)    i 

we  still  And  an  almo  mental  slaver)  of  tbe  people] 

in  India  the  slavery  is  thai  ol  the  caste  Bystem  In  China 
ii   is  also  thai   of  Bocial  and   religion.     From   bu<  b 

ins>ii  societies  may  we  not  Infer  thai  it  was  repression  of 
individual   freedom   thai  cience   In   check   for   :!"  cenJ 

tuiie-    alter   the  early   1;  ai     th(  tematic    study   ot 

It    has   often    been    pointed    out    by    historians    that    drees 

science  came  into  existei  aftei  Q ce  bad  freed  itself 

ii. in  the  bondage  ol  ligion. 

Individual  freedom  and  rapid  economic  progress  have  al- 
ways been  associated,  ami  in  the  absence  of  Individual  tree 

dom    there    lias    never    1 11    rapid    economic    progress.      This 

much  I11  . 1 , ■  1  >  has  taught  so  clearly  that  tew  will  question* 
the  generalization. 

Constraint  is  usually  of  a  social  kind,  and  where  it  has 
been  of  long  duration  it  is  not  apt  to  be  regarded  as  objec- 
tionable. Customs  relating  to  dress,  for  example,  are  not 
often  objected  to  by  Individuals,  no  matter  how  detrimental 
to  health  they  may  he.  Similarly,  if  a  man  has  been  brought 
up  to  regard  it  as  Inevitable  that  he  shall  always  follow 
the  trade  that  his  father  has  followed,  that  man  is  not  apt 
In  rebel  against  the  BOCial  custom  that  really  makes  him 
a  slave.  So  we  neeil  nol  marvel  that  the  caste  s>stem  ot 
India  and  the  labor  union  systems  Of  Europe  and  America 
rarely  cause  the  men  brought  up  In  those  systems  to  regard 
themselves  as  in  any    waj    deprived  of  libert] 

There  is  food  for  thought  in  the  following  utterance  of  the 
editor  of  the  Financial  Chronicle: 

"But  is  it  not  true  thai  unionism  and  organization  looking; 
chiefly  to  wages  does  so  segregate  and  so  bind  employe  to 
the  single  industry.  Beet  ion  and  plant,  and  by  this  conceit  of 
will  and  action  tends  to  destroy  their  individual  libert]  to 
seek  severally  other  employment  where  the  hope  and  prom- 
ise of  greater  equalit>   ol     Djoyment  exists?     The  dignity  and 

value  of  all  work  1 hi  &  by  the  tree  embracement  of 

our  unbounded  opportunities   in  a  free  life. 

"We  do  not  attempt  to  apply  this  strictly  to  the  present  as 
to  any  'strike.'  We  seek  to  develop  the  principle  that  the 
workman    in   a    trei  dvance    him- 

self educationally,  spiritually,  if  we  may  use  the  term  In 
contra  to  the  physical,  as  well  as  tinaneialh  namely,  tbe 
securenient    of   higher   wages    with    which   to   buy   equality   of 

enjoyment.      The   very    spectacle    of    t'.iiP.I men    engaged    in 

a  single  industry  voluntarily  retiring  from  work  at  thi 
time,  with  no  idea  of  seeking  other  employment  permanentbj 
for  betterment  (possibl)  toi  better  or  for  worse)  shows  an 
utter  disregard  for  the  benefits  of  tree  opportunity,  shows 
their  willingness  to  be  miners  underground  for  life — unlet!1 
they  can  secure  arbitri  commensurate   with   theff' 

preconceived  propel  "cost  of  living."  If  all  men  would  form 
themselves  into  these  enslaved  classes  the  very  mobility  of 
advance  would  be  destroyed,  opportunity  in  a  changing. 
aspiring  life  WOUld  be  n<  gatived,  and  wages  and  proflls 
would  become  like  the  frozen  hummocks  of  the  sea,  forever 
uneven  and  Impossible  ol   equalization." 

While    we   are    not    in    accord    with    one   of    the    undi 

thoughts  In  the  foregoing  paragraph,  namely,  that  the  I 

coal    miners    show    a    willingness    to    be    miners    for    lifi 

we  do  believe  that    ver)    fev    ol   them   realize  that   th< 

tern  tta  to  1 '  ianl  progress.     Th< 

I  Ing    on    a    li  hour    day    w  ith    a    \  ii  w    to 

permanent     jobs     to    200, I   men    who   are    nol 

miners,    they   are    vlrtuall)    endorsing    thi 

India,   and   asking    America    to   abandon   the    principle  Of   it"11 

vidua!   fr lom   under   winch   this   countr)    has  attain 

economic  i imlnence 
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Index  Numbers  of  Wholesale   Prices 
1913  to  April,  1922 

The  accompanying  tabulation  shows  the  index  number  of 
wholesale  prices  by  groups  of  commodities,  as  computed  by 
the  U.  S.  Bureau  of  Labor  Statistics.  The  group  cf  miscel- 
laneous commodities  includes  such  important  articles  as  cot- 
tonseed meal  and  oil,  lubricating  oil,  jute,  rubber,  newsprint 
and  wrapping  paper,  rope,  soap,  laundry,  starch,  tobacco, 
Manila  hemp,  sisal,  phosphate  rock  and  wood  pulp.  The  com- 
modities, composing  the  other  groups,  are  as  indicated  by 
the  title: 

\     NTMBERS    OF    WHOLESALE    PRICES    IV 
TEARS    AND    MONTHS,    1913.    TO    MARCH,    1922,    BY 
ROl    PS  I  »F  C<  >M  Ml  'I  >1TIES. 
(1913—100.) 


II 


Year    and     £  n 
month.       ny 

ha 
100 


1913  . 
Jan 97 

April      . .  ; 

July     101 

Oct in:; 

1914    103 

Jan mi 

April    103 

July     li| 

103 


105 
102 
107 
10S 
105 
122 
108 
114 
118 
136 


Oct. 

1915  .. 
Jan. 
April 
July 
Oct. 

1916  .. 
Jan. 
April 
July 
Oct. 

1917    189 

Jan 148 

April   181 

July     199 

Oct 198 

i9is  220 

Jan 207 

Anril    217 

July     ....  224 

Oct 224 

1919    234 

Jan 222 

April   235 

Julv     246 


Oct. 
1920    

Jan.   ... 

Feb.     . 

March 

April 

May    . . 

June 

July     . 

Aug-.     . 

Sept.    . 

Oct.    .. 

Nov.    . 

Dec.     . 
1521: 

Jan.    .. 

Feb.     . 

March 

April 

May    . 

June    . 

July     . 

Ausr.    . 

Sept.    . 

Oct.   .. 

Nov.    . 

Dec.     . 
1922: 

Jan.    .. 

Feb.     . 

Mnr 

Apr.      . 


230 
.  21S 
.  246 
.  237 
.  239 
.  246 
..  2  It 
..  243 
.  236 
.  .  222 
..  210 
..  182 
,.  165 
.  .    144 

..  136 
. .  129 
. .  125 
..  115 
. .  117 
..  113 
..  115 
. .  118 
..  122 
..  119 
..  114 
. .  113 

..  116 
.    126 

.  .    127 


102 
103 
102 

95 
104 
107 
101 
106 
105 
104 
103 
126 
113 
117 
121 
140 
176 
150 
1S2 
181 
183 
189 
187 
178 
184 
201 
210 
207 
211 
216 
211 
236 
253 
244 
246 
270 
287 
279 
268 
235 
222 
204 
195 
172 

162 
150 
150 
141 
133 
132 
1?.4 
152 
146 
142 


134 
138 

137 


.£  o 
Uo 
100 
100 
100 
100 
100 
98 


12S 
110 
119 
126 
138 
181 
161 
169 
1S7 
193 
239 
211 


350 
356 
356 
353 

347 


290 
273 
257 
234 
220 

208 

ins 

192 
i  ••: 
181 
ISO 
179 
179 
187 
190 
186 
185 

183 
183 

ISO 

181 


;b  |« 


_ 3  c!e,j  ;o 


100 
103 


96 

119 
105 
108 
108 
133 
175 
176 
1S4 
192 
146 
163 
157 
157 
166 
167 
173 
170 
167 
171 
181 
238 
184 
187 
192 
213 
235 
246 
252 


207 
199 
194 
187 
1S4 
182 
178 
182 


183 
183 

183 
187 


S  E  s  co  E 

100  100 

107  100 

P>2  101 

9S  101 

99  98 

87  97 


102 
100 
148 
126 
147 
145 
151 
208 
183 
208 
257 
182 
1S1 
174 
177 


152 
158 
161 


192 
195 
193 
190 
191 
193 
192 
184 
170 
157 

152 
146 
139 
138 
138 
132 
125 
120 
120 
121 
119 
119 

117 
115 

11 J 
117 


101 
124 
106 
114 
132 
114 
151 
136 
146 
154 
158 
192 
161 
162 
186 
231 
308 
268 
300 
324 
341 
341 
337 
333 
328 
318 
313 
274 
266 

239 
222 
208 
203 
202 
202 
200 
198 
193 
192 
197 
203 

202 
202 
202 
201* 


£■= 

<UT 
X.  c 
Urt 
1  I'M 
101 
101 
99 
100 
101 
100 
100 


114 
103 
102 
108 
121 
159 
150 
172 
156 
150 
198 
159 
170 
198 
252 
221 
232 
229 
216 
218 
179 
191 
178 
171 
174 
210 
189 
197 
205 
212 
215 
218 
217 
216 
222 
316 


182 
178 
171 
168 
166 
166 
163 
161 
162 
162 
162 


159 
159 
159 

160 


c*  |i 


ion 
100 
100 


100 
101 
100 
100 


196 
161 
172 
199 
226 
236 
218 
217 
245 
264 
366 
324 
329 
329 
321 
329 
362 
362 
363 
371 


283 
277 
275 
274 
262 
250 
235 
230 
223 
218 
218 
218 

214 
213 
213 
211 


120 
107 
110 
120 
132 
155 
138 
149 
153 


220 
236 
227 
227 
230 
23S 
246 
247 
243 
240 
239 
229 
220 
205 

190 
180 
167 


176 
151 
172 


204 
212 
203 
203 
218 
223 
243 
248 
249 
253 
265 
272 
269 
262 
250 


150 

143 

149 

148 

14; 

152 

146 

152 

145 

15" 

145 

149 

148 

149 

146 

148 

150 

151 

152 


•Revised  index  numbers,  including  structural  steel  and  other  im- 
portant  building  materials  not  included   in  the  above  figures,  and 
with   prices   weighted    l.v    1919   instead    of    1909   census   'lata,   are  as 
\w  ii.    L921,    L67;   .March.  1922,  1.",:,;   April,   1922,    I 

Stucco  Investigation. — The  Bureau  of  Standards,  in  co- 
operation with  interested  manufacturers,  is  to  carry  out  an 
investigation  of  stucco  bases  made  of  woven  wire  cloth  and 
expanded  metal  lath.  It  is  expected  that  3  types  of  base  now 
j  in  general  use  will  be  applied  over  sheathed  construction, 
and  the  performance  of  the  various  panels  will  be  noted  and 
analyzed. — U.  S.  Department  of  Commerce,  Bureau  of  Stand- 
ards. Technical  News  Bulletin.   May  10,   1922. 


The  705-Ft.  Span  Rondout  Creek 
Suspension  Bridge 

By  C.   Y.    WANG, 

The  Rondout  Creek  bridge  at  Kingston,  N.  Y.,  which  will  be 
opened  to  traffic  this  spring,  is  one  of  the  largi  I  bridges  of 
its  kind  built  in  the  country  since  1909.  The  structure  spans 
Roudout  Creek  about  2  miles  above  its  mouth  and  forms  a 
connecting  link  for  one  of  the  most  important  of  the  New 
York  state  highways. 

The  bridge  is  of  the  suspension   type,  having  a  main  span 


Rondout    Creek    Bridge    of    New   York    State    Highway    Department. 

of  705  ft.  and  shore  spans  of  176.25  ft.  each.  Its  total  length 
from  anchorage  to  anchorage  is  1,145  ft.  The  maximum  clear 
headway  from  mean  high  water  level  is  85  ft.  The  bridge 
provides  a  roadway  of  22  ft.  width  with  sidewalks  on  each 
side  of  the  roadway  of  7  ft.  6  in.  Owing  to  the  trusses  of 
the  bridge  the  actual  width  of  the  sidewalk  is  4  ft.  4  in. 

The  steel  towers,  box  form  in  section,  are  each  153  ft.  above 
the  concrete  piers  which  have  a  difference  in  elevation  of 
20  ft.    The  piers  are  built  on  solid  rock  foundations. 

The  main  cable,  9  in.  in  diameter,  is  composed  of  1,974 
high  carbon  steel  wires  of  No.  6  R.  G.  in  seven  strands. 
The  suspenders  which  hank  the  trusses  to  the  cables  consist 
of  l'/i-in.  galvanized  steel  ropes.  Each  main  cable  is  an- 
chored to  the  anchorage  with  16  eye  bars  9  in  x  1  9/16  in., 
and  these  in  turn  are  tied  to  the  anchorage  proper  which  is 
made  of  24  Bethlehem  H-sections  12  ft.  long.  The  anchorage 
was  sunk  to  a  depth  of  about  60  ft.  in  the  rock  and  the 
shaft  then  filled  with  concrete. 

The  stiffening  trusses  having  bottom  chords  slightly  curved 
is  of  the  Warren  type.  Their  average  depth  is  about  11  ft. 
Bach  panel  is  17  ft.  7%  in.  long.    Both  top  and  bottom  chord 


Northeast   Anchorage   Before  Concreting. 

are  composed  of  two  15  in.  channels  with  double  lacings. 
Two  10-in.  channels  form  the  diagonals  of  the  trusses.  Floor 
beams  are  spaced  a  panel  length  apart  and  are  composed  of 
28-in.  Bethlehem  girders;  18-in.  I-beams  spaced  4  ft.  7  3/16  in. 
apart  form  the  strings.  The  whole  floor  system  is  well  braced 
with  12-in.  plates.  The  total  amount  of  steel  used  on  the 
bridge,  including  the  anchorages,  trusses,  cable  work,  and 
the  floor  system,  weighs  about  3,000  tons. 

The  roadway,  which  is  9  in.  thick  at  crown,  is  composed  of 
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reinfoi  ced   ( on<  rel  I  •  « alks, 

4  In.  in  thickness,  are  made  ol  l  2   ■ 

In  :  roadway,  Bldewalk      ind   approaches,  7.' 

;   Pennsylvania  Portland  I  s"  tons  ol  Have 

roadway   was   laid 
vorklng   days   and   the   Bidewalks   laid   In   -1    working 

Tw,  resting  on  timber 

ted    along    tli 

Their    li 


One  of  the  Saddles. 


Ml 
BCr-^ 

main   trusses   were   erected    from    both    tower     toward 
centei      A  Bpecial  traveling  Bcaffold  was  Installed  to  operate 
on   the   wind   chorda,   binning   pari   of  the   sidewalk   fi 
atter  the  main  nu  ther.     Bj   means  of  this  scaf- 

told  the  erection  and  taking  down  ol   timber  forms  for  the 
roadw  i  ises  and  the  Held  paint' 

ing.     ■  ■  plished     « ithout      Inten 


Operation    of    Cable    Stringing. 

Efficient  supervision  and  organization  was  well  man 
the  absence  of  any  aingle  accident  during  the  work. 

The  actual  construction  was  started  in  September,  L920J 
and  an  average  force  of  60  men  was  actively  employed  on  the 
work  for  a  period  of  about  one  year.  The  bridge  will  be 
opened  t.i  traffic  this  spline 

The  bridge  is  designed  o  carrp  a  continuous  load  of  in  ton 
trucks  It  has  a  grade  of  aliotit  .".  per  cent  on  the  Kingston 
side  and  y.  per  cent  on  the  Port  Ewen  side  up  towards  its 
center.  The  total  estimated  cost  of  the  bridge  is  about 
|7 ""i 

Terry-Tench   Co.,    Inc.,  of   New    York   City,   were   the   con? 


K 


Cable     Band     and     Suspender    Socket. 


Southwest    Chamber    Under   Construction. 

them  ability  to  answer  an  rectlon.    Traveling 

denii  I  In  the  Brat  stage  ot  ma  I  i  rei 

tion.  tuit  owing  to  ihir  comp  m       the]    Bnall) 

irj   itlfl  leg  derricks.    They  were  hauled  to 

i   t  ■  <  mi   each   main  cable 

The 


One  of   the 


ibers   In    First   Part 


Ming    Derricks   Picking   Up   Men 
of   Main   Span    Erection. 

tractors,   with   II.    D.   Robinson    as   their   consultii 
The    New    York     State     Highway     Commission,    under 

on    the    work    was    dene,    was    represented    by   w 
Joyce  a     r<    Idenl   engineer   In  charge  of  the  project      P 

M..r..n    and    \V.    II  for   the   d«l 

the  substructure  and  the  superstructure  n 
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ni  the  arches  from  crown  to  skewback  was  found  to  be  such 
thai   the  Boffll  of  the  arch,  except   quite  neai    the     kewbaek, 

practically   the  arc   ol   an   i  llipse.     A    trui 
resulted    tor    the    curve    of    the    soffit    from    thickening    the 
arches  quite  clo  e  to  the  skewbacl       I  tcepl    In  the  i 

Hal   arches,   the  designer  <>f  this  bridge  li:t«  found   thai   a   seini- 

ellipse  tor  the  soffit  is  uol  possible  tor  the  mosl  dmical 

design  of  curvature 

Needlei      to   saj     tl lad    load   horizontal  thrusts   of   all 

the  approach  arches  are  exactly  the  same,  so  that  there  is 
mi  turning  moment  on  the  piers  from  dead  loads.  The  hori- 
zontal thrust  ni  the  30  ft.  arch,  by  making  the  small  ir  arches 


Canada's  Greatest  Concrete  Bridge 

234  Foot  Main   Span   and    Ten   Approach  Spans       True  Spandrel  Arches       No  Beam 
and   Slab   Floor  System      Beauty  of  Structure  Given  Special   Consideration* 

Bj    PRANK    BARBER, 
Consulting  Enginei  i   of  Frank   Barber   &    Associates,  Ltd., 

Toronto. 

The  high  level  bridge  over  the  Otonabee  Rivei    Peterboro, 

recently    completed,    represents  one   of   the   most    Important 

of  construction  work  carried  out  da   in  recent 

Work    was    commenced    In     ^.ugu        L919,    and    com- 

.   just    two  y.ars   later   in  August.    1921.     The  structure, 

illy   known  as  the   Hunter   St.   Bridge,   replaces  a  steel 

bridge  of  two  spans,  of  much  lower  elevation. 

The  in  w  bridge  is  o  and  is  madi 
approach  arches,  Bve  on  each  side  of  the  river,  with  one 
mam  river  span  which  is  234  ft.  in  length  the  largest  single 
ie  arch  span  in  Canada,  it  was  built  a  tin  result  of 
an  agreement  between  the  Quaker  Oats  Company,  who  own 
the  land  on  either  side  of  the  river  at  this  point,  md  the 
i  ugh,  following  the  disastrous  fin  at  He- 
above  company's    plant    in   1917.     The  bridge   contains    15, I 

CU,  yd  .'"'I    Is"  tons  of  steel.     Th.r.    are   1,172  lin. 

ft.  of  concrete  In  the  eleven  arches  and  approach  walls,  four 
of  the  arches  being  30  tt.  in  length,  six  60  ft.  and  the  main 
river  arch  234  it.  with  a  total  of  7,000  cu.  yd.  of  earth  till 
on  both  sides  ol  the  river.  The  floor  of  the  bridge  is  52  ft. 
above  low  water  level.  The  roadway  is  35  ft.  wide  between 
curbs  ami  carries  a  single  track  electric  railway  line. 

Approach  Spans. — The  sidewalks  on  the  approach  spans 
project  out  over  the  spandrel  walls  L"2  ft.,  by  the  cantilever 
construction  on  the  top  of  these  walls,  but  aside  from  this 
feature  the  arches  are  of  the  ordinary  earth  tilled  type.  The 
piers  under  the  approach  spans  are  solid  from  side  to  side 
of  the  bridge,  at  the  height  of  the  skewbacks,  but  below  this 
each  pier  is  pierced  by  a  transverse  arch,  dividing  the  pier 
into  two  parts,  with  tl'  ft.  spaces.  In  order  to  provide  uni- 
form bearing  upon  the  foundations,  of  four  tons  to  the  square 
toot  the  maximum  allowed  oy  the  chief  engineer  of  the 
Ontario  Railway  Board — spread  footings  were  used  for  the 
piers  The  structure,  at  the  west  abutment,  rests  upon  bed 
rock,  the  eastern  abutment  being  on  a  very  hard  haul  pan. 

The  necessary  clearance  for  an  overhead  crossing  of  the 
Bteam  railway  sidings  at  tie-  w  !Sl  approach  was  the  factor 
that  determined  the  elevation  of  the  bridge  floor,  it  being 
impossible  to  alter  the  elevations  of  the  railway  tracks  as 
they  must  conform  to  the  loading  floors  of  the  Quaker  Oats 
Company's  plant  immediately  on  the  north  side  of  the  bridge. 
This  condition  resulted  in  the  elevation  of  the  bridge  floor 
being  6  ft.  higher  than  the  general  elevation  of  the  city 
Streets,  which  necessitated  a  grade  up  to  the  bridge  on  either 
side. 

The  Problem  of  Crossing  Sidings. — One  of  the  first  prob- 
lems to  be  solved  in  the  designing  of  the  bridge  was.  there- 
fore, to  devise  a  type  of  structure  that  would  leave  the  floor 
at  as  low  a  level  as  possible,  for  traffic  accommodation,  while 
fulfilling  the  requirements  of  the  Dominion  Railway  Board 
as  to  clearances  above  the  railway  siding.  The  problem  of 
bridging  railway  sidings  in  pairs  would  be  comparatively 
ally  speaking,  as  railway  sidings  are  ordinarily 
13  or  14  ft.  apart,  center  to  center,  but  the  sidings  in  ques- 
tion were  BOmething  over  20  ft.  apart  on  centers  and  would 
cross  the  bridge  approach  on  curves  and  cut  a  sharp  angle. 
The  location  of  the  sidings  was  altered  as  far  as  pi 
to  suit  the  necessities  of  the  bridge,  the  sidings  being  made 
more  nearly  to  approach  a  right  angle  crossing,  which  layout 
was  approved  by  the  Railway  Board.  After  extensive  inves- 
tigation to  seine  a  type  of  construction  with  the  least  dif- 
ference in  elevation  between  the  floor  of  tl 
under  side  of  it  for  the  space  required  by  the  Railway  Board, 
according  to  their  diagram  of  clearances.  Hal  arcb  construc- 
tion was  decided  to  be  a  better  solution  of  this  particular 
problem,  than  steel  girders  or  concrete  beams 

Approach  Arches.— The  soffits  of  these  flat  approach  arches 

mi-ellipse,   the  curvature   being  found   in    the  following 

manner:     The  dead  line  of  resultant  pressure  was  made  to  fit 

ixactly  the  neutral  axis  of  the  arch  and  the  required  depths 


The  Peterborough  Bridge, 
sufficiently  flat,  is  made  equal  to  that  of  the  60  tt.  arches. 
The  elevations  of  the  30  ft.  arches  were  kept  sufficiently 
low  iii  allow  the  dead  load  line  of  resultant  pressure  on  the 
smaller  arch  to  meet  that  from  the  larger  arch  on  the  vertical 
center  line  of  the  pier. 

The  Design  of  Curvature.— Although  the  curvature  of  the 
neutral  axis  may  be  made  to  fit  the  line  of  resultant  pressure 
by  a  "Trial  and  Error"  graphic  method,  the  direct  design  of 
curvature  is  possible  by  a  much  simpler  analytical  method, 
using  a  hook  of  tables  of  hyperbolic  functions,  which  method 
lias  been  used  by  the  author  in  the  design  of  all  his  arches 
for  some  years.  There  can  be  no  bending  moments  in  such 
a  design,  in  any  part  of  the  arch  ring,  from  dead  loads,  and, 
consequently,  dead  load  stresses  are  uniform  compression  on 
any  section.  Tensile  stresses,  however,  result  from  live 
loads  and  temperature.  As  sometimes  happens,  the  maxi- 
mum tensile  stresses  are  not  as  great  as  the  dead  load  com- 
pression stresses  in  which  case  there  will  never  be  tension 
on  any  part  of  the  arch,  and  therefore  reinforcing  steel  is 
not  necessary.  In  very  large  arches  where  the  dead  loads 
are  great  compared  with  live  loads,  this  is  generally  the 
case.  In  this  structure,  the  river  arch  ring  is  plain  con- 
crete without  any  reinforcing.  It  may  be  interesting  to  note 
that   most   of  the  designers  of   the   great    arches   Of   the    world 


iew,    Toronto. 


have  found  similar  conditions.     In   1911,  the  i  of  this 

bridge  made  a  list  of  all  the  concrete  arches  over  i;r,  ft. 
in  span,  thirteen  in  all.  of  which  only  four  were  reinforced. 

The  river  arch,  as  is  the  custom  in  all  great  arches,  was 
poured  in  voussoirs  of  about  14  ft..  leaving  key  spaces  ol 
about  4  ft.  between  them,  which  were  concreted  after  the 
voussoirs  had  set.  Two  purposes  were  accomplished  by  this 
method:  it  prevented  internal  stresses  due  (1)  to  the  set- 
tling of  the  arch  ring  upon  the  centering  and.  (2)  from 
shrinkage  of  the  concrete  in  setting,  which  developments 
had  practically  taken  place  before  the  key  spaces  were  con- 
creted. The  arch  ring  contains  over  2,000  cu.  yd.,  without 
the  superstructure,  and  consequently  weighs  upwards  of  4,000 
tons. 

Advantages  of  Temporary  Hinges  for  Arch  Rings. — To  en- 
sure  the  neutral  axis   following   the  line  of  pressure,  as  re- 


(93) 


490 


i  'ontr acting    for   May    24,  1922. 


quired  by  theory,  the  arch  ring  was  built  with  temporary 
hinges  near  thi>  skewbacke  and  al  the  crown,  which  expe- 
dient of  temporary  binges  baa  been  used  bj    man]  desi 

ge  arches.    Alter  the  superstructure  was  completed  and 

the   full   dead   weights   applied,    the   binges    were   concreted 

•  irther  movement,  at  which  time  the 

line  of  pressure  must  pass  throngb  I  the  section 

;it  the  three  binges  and  consequently  follow    it  very 

other  points.     There   is  a  further   possible  advantage 
of  building  a  large  concrete  arch  with  temporary  bingi 
is  necessary,  in  order  that  thi  hould 

have  the  minimum  effect,  that  the  pi  ol  tempera- 

ture in  the  arch  ring  above  the  average  temperature  should 
al  to  the  fall  of  temperature  below  it      A  thermometer 
was  buried  in  this  arch,  in  thi  ir  one  skew- 


Halt   Elevation    of    Main    Span    Showing    Effect    of   Varying    the 
Length   of   Spandrel    Arches. 

back,  and  when  the  temperature  of  the  ring   had   fallen  to 
b     p.,   the   average    local    temperature,    'lie   temporary 
fixing    them    against    further 
movement.     As   is  often  the  case,   when  an  arch   is  closed  in 
a  warm  season,  it  might   lie  noted   that  the  natural  heat  of 
ison  and  the  unnatural  heat  generated   from  the  set- 
ting of  the  cement,  cause   tie-  arch   ring  to  attain  a  greater 
ature   than   is   to  be   expected   at   a   later  time.     Thus, 
the    maximum    temperature    stresses,    which    would    in    this 
case    occur    in    the    coldest    weather,    would    be    more    than 
double  what  they  would  have  been  had  the  tin'.:  been  closed 
when    its    temperature    was    midway    between    the    high    and 
mperature   of  the   year.     This    principle  of  minimizing 
nperature   stresses   had   been  taken    advantage  of  for 
the  first  time,  it  is  believed,  in  this  structure. 

Spandrel  Arches  with   Fill  Above.     I'nlike  most  open  span 
drel  arches  built  up  to  Hich  have  been  of 

beam  and  slab  construction  in  the  floor  system  this  river 
arch  with    true    spandrel    arches,    being    barrel 

arches,  with  a  cinder  fill  above  them.     Comparing  the  merits 
ms,    it    will    be   found    that   beam   and   slab 
construction   results   in   slightly   less   concrete  and  less  dead 
■    imposed   on   the  large   ring,  but,  on  the  other   hand. 

this    tyj :  [on  '      ■       much    more    steel    than 

arches  and  Involves  greater  labor  and  false  work.  Although 
previous  to  the  beginning  of  the  war  the  saving  of  concrete 
material  was  worth  more  than  the  saving  of  labor  and  steel 
in  arch  construed  ins,  at   the  time  this   particular 

arch    was   designed,    bad    changed,    CO  rials    having 

not  advanced  in  pi  as  labor  and  steel. 

Two   further  examples  of   simil  iction    were   the  re- 

cently   completed    bridges   at   Lyons.    France,    and    Pont    Sidi 
M.  Aim  ria. 
Where  the  floor  system  is  of  beam  and   slab  construction, 
.•    of    tli.-    sidewalk    is    gi 
cantilevers    upon    which    the    sidewalk    rests    are    simply    the 
ends  of  the  floor  beams.     In  spandrel  arch  construction,  how- 
ure  no  floor  beams,  of  course,  and  sidewall 
•    to  overhang  to  the  same  extent. 
In   spandrel  arch   construction,  an   advantage   worth   noting 
pandrel  arches  may  be  do  Ively  smaller 

from  the  ski  •■■n.  this  foreshortening  of  the 

spandrel    an  Iting    in    saving    of 

arches  becoming  smalli  I  piers 

rter,    while   it    mo  I  dmitted    that    the 

appeal  ed  over 

Unary  case  r  I  d 

Economy,  hi  that  the  size  and  reinforcing  of 

the  jo  i  action  be  uniform.     The 

marily  on  account 
ecoming  ap- 

lltlng    architect   on 


the  bridge,  is  responsible  for  this  feature  in  the  design,  which 
Is   believe. 1   to  be  original. 

Cost  of  Structure. — It  was  originall]  estimated  by  the  civic 

authorities    in    1917    that    this    -tincture    would    Cost    $-'l~-.< , 

but  when  tenders  were  called  In  iii'  fall  of  1918,  bids  reci  ived 
ran  from  $:t:i4,000  to  $381.0nn.  winch  necessitated  the  suhmis- 
a  by-law  authorising  the  extra  expenditure.    No  diffi- 
culty   was    experienced    in    having    this    bylaw    ratified,    how- 
si. 1  tenders  were  called  again  tie    apring  of  1919,  three 

bids    being    submitted   on   the    lump    sum    basis,    ranging    from 

BO,  and  eighl  contractors,  who  figured  on 

the    cost-plus    basis,    estimated  tie              from    $240,000    to 

;  Ltd  .    were   finally 

awarded  the  contract  at  cost  plus  a  fee  of  $29,500,  this  amount 

to   cover   plant    rental,   etc.      •  total   cost,   however,   was 

slightly  over  $500. ma  lining  rapidly   in   price 

at   this  time.     A   fairly  do  I     to  this   was   that   of 

the    Fairmont    bridge,   in    Wesi    Virginia,     This    brldgi 

begun  a  little  before  the  Pi  igh  bridge,  and  completed 

somewhat    later    than    it.  Thi     quantities    were    somewhat 

r,  and  the  Contract  in  the  same  way.  cost   plus 

$40,000.    The  estimated  i  (8,000,  and  the  final  cost 
somewhat  over  $800,000. 

The  bridge  was  design  ■•  riter,  and  Claude  Brag- 
don  was  thi  '  "ii  being  supervised  by 

'flier,,  wa-  '    three   resident   en{ 

on   the   bridge.   Mi  being   chief.     Mr.    R    n 

Parsons  is  city  engineer  ol  rborough 


Lightning  Rods  and  Fire  Losses 
Eleventh    Annual    I;    port    of    the    Stale    Fire    Marshal 
a   for  the  year  1921  includes  the  following  with   n 
to   tire   losses   where   lightning    and    lightning   rod   protection 
is   involved: 

"The  use  of  the  lightnim:  rod  is  almost  an  absolut 
tection  against  loss  by  lightning.  1  have  gone  into  this  mat- 
ter very  thoroughly  and  the  records  will  show  that  in  1919 
there  were  227  lightning  fin  -  of  which  131  were  farm  barns, 
only  7  of  which  were  rodded.  The  loss  on  these  farm  barns 
was  $265,945.  Of  the  balance  of  these  lightning  fires  only 
two  were  rodded. 

"In    1920    there   were    157    lightning  losses.      In    143   cases 
no  rods  and  the  loss  was  $362,390;  lightning  run- 
ning in  on  wires.  5  with  a  loss  of  $1,119;  9  losses  with  rods, 
causing  a  loss  of  $26,209. 

"In  1921  there  were   158  lightning  losses.  142  without  rods, 

causing  a  loss  of  $284,203;   lightning  running  in  on  wires,  6, 

loss,  $3,963;  10  with  rods,  lo -.-.  .$32,775;  and  there  is  evidence 

to  show  that  when    ::  .    rodded  buildings  were  struck, 

were  either  defective  or  not  properly  installed." 


Cost  of  a  Wood  Block  Factory  Floor 

The  following  data  on  ted   wood   block   Boor  were 

obtained  from  the  Republic  Creosoting  Co  of  Indianapolis, 
who  furnished  the  material  for  the  job.  The  base  used  was 
an  old  plank  floor.  It  was  covered  with  tar  paper,  mopped 
down,  and  the  blocks  laid  irfai  •      The  blocks  were 

2%  In.  thick.  4  in.  wide,  and  in  random  lengths  from  6  to  y  In. 
Pitch  for  filler  and  bed  totaled    1"  lb.   per  sip  yd.     A  total  of 
1,650  sip  yd.  of  floor  was  laid.     <  >n  account  of  freight   .  I 
the  cost  of  the  blocks  will  vary  somewhat  with  location,   but 
the  other  items  are  quite  stable. 

total  cost  wa  ■   sq.  yd.,  made  up  as  follows: 

- 



Sand.  '■!   J2.00  pei  cu.  yd.,  api i 

Laying    30  ■ 

Tar    pa]  ""•/ 


Student  Chapter  of  Industrial  Engineers.     A  ■  hapter  of  the 
Society  of  Industrial  Engineers  was  recentl;  among 

student-;    at    Carnegie    Institute    of    Technology.    Pittsburgh, 
to   be    Known   as   the   Carnegie    Industrial    Engineers   So 
This  is  the  third  chapter  to  be  organized   In  tins  country. 


Cost  of  Operating   Municipal  Testing   Laboratory.     1 
during    the    year   i 
April   10,  1923,  the  City  ol   St     Louis  has  appropriated  | 
oi  w  hich  $22, 100  i-  for    ai.it  es    ind  ■•■ 
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A  Bad  Time  to  Bid  Low 

By   M.   V.  AYRES, 
Statl:  i  iclan     Vs  oclat<  A    i  !eni  ral    Conti    ctor:     dI     \  mei 
Rumors   come   to  us  that  contractors  generally  are  exhibiting 

a  tendency  to  bid  lower  on  all  kinds  of  construction  work 
Hum  they  were  willing  to  do  a  tew  months  ago  Does  the 
present  outlook  justify  lower  prices  tor  construction  work'.' 

The  general  level  of  prices  has  been  going  up,  now,  for 
the  past  two  or  three  months.  All  authorities  agree  that  the 
business  depression  has  reached  the  bottom,  and  we  are 
now  on  the  upgrade.  Their  is  practically  no  exception  to  the 
rule  thai  prices  generally  increase  Bomew  hat  during  the  period 
following  a  depression,  when  business  is  recovering.  We 
believe  that  this  Is  now  occurring  and  will  continue  prob- 
ably for  at  least  six  months  to  come.  The  long  time  tendi  I  i  > 
of    prices    will    probably    be    downward    for    main     years,    but 

for  the  present,  and  for  some  time,  thej    are  going  up.     it 

is    noi       ifi     to    cul    bid     on    the   assumption    thai    pri 

materials  will  be  lowered. 

Wages  in  many  lines  i!   reduced   rather  severely 

during  the  past  few  months.  Doubtless,  many  employers  feel 
that  they  must  come  down  still  more.  Unquestionably,  in 
places  and  in  some  industries,  where  wage  are  still 
at  the  peak,  some  reduction  Will  be  made,  but  a  time  of 
Improving  business  is  not  a  time  when  wages  generally  can 
be  reduced.    Immigration  has  been  restricted  in  such  1 

greatly  reduce  what  has  in  past  years  been  the  principal 

Bourci  lor  the  ranks  of  common   labor.     An    in- 

in  busini  ss  prosperity  will  raise  the  cost  of  living  and 

increase  the  demand  tor  labor.    We  do  not  feel  that  bids  can 

be  made  at   lower  levels  on  the  assumption  that   wages 

duced. 

.Mm  b  has  been  heard  to  the  effect  that  freight  rates  must 
a,  if  prosperity  is  to  tettirn.  The  Importance  of 
this  factor  has  been  greatly  overstressed.  Business  is  im- 
proving and  freight  rates  are  staying  up.  Some  reductions, 
it  is  true,  have  been  made  and  some  more  may  occur,  but  the 
railroads  have  made  only  a  beginning  toward  a  recovery 
from   b  ite   financial  plight  in  which  they   have  been, 

and  they  will  not  willingly  submit  to  any  very  drastic,  or 
ve-.y  extensive  reduction  in  their  charges.  We  do  not  be- 
lieve  that  prospective  reductions  in  fregiht  rates  are  any 
justification  for  bidding  low  on  construction  projects. 

It  is  perhaps  quite  as  important  that  a  contractor  should 
get  his  materials  when  he  wants  them  as  that  he  should  get 
them  at  the  right  price.  At  present,  stocks  of  most  things 
tire  large,  and  production  capacity  is  not  being  used  to  the 
full.  These  conditions  are  favorable,  but  how  long  they  will 
stay  so  is  problematical.  Demand  is  increasing.  If  the  coal 
strike  continues  all  summer,  many  industries  will  not  be 
able  to  produce  up  to  their  normal  capacity  or  perhaps  even 
at  their  present  rates.  We  do  not  feel  that  contracts  can 
be  taken  with  any  assurance  of  prompt  deliveries  of  large 
quantities  of  material  several  months  from  now. 

If  business  picks  up  as  we  hope  it  will  there  is  going  to 
be  a  car  shortage  before  the  summer  is  over.  The  railroads 
are  under-equipped  both  in  cars  and  locomotives  for  handling 

the  normal  business  of  the  country.     Even  if  their  equij nl 

were  all  in  good  condition  a  car  shortage  would  be  the 
hardly  avoidable  accompaniment  of  the  next  period  of  even 
ordinary  prosperity.  Hut  it  is  not  all  in  good  condition. 
There  are  nearly  200,000  more  cars  unfit  for  service  than 
there  ought  to  be  under  normal  conditions  of  maintenance. 
If  conditions  were  such  that  a  car  shortage  existed  of  pre- 
cisely this  amount,  200,000  cars,  it  would  be  a  v.-,y  serious 
shortage.  We  do  not  think  that  low^  prices  for  construction 
work  tire  justified,  if  they  are  based  upon  the  assumption 
that  freight  cars  will  always  be  available  when  they  are 
wanted. 

Anyone  contemplating  making  a  low  bid  on  construction 
work  should  not  do  it  on  the  assumption  that  materials  are 
going  to  be  cheaper,  that  wages  will  be  lower,  that  freight 
rates  will  be  reduced,  that  deliveries  will  be  prompt,  that 
freight  service  will  be  adequate  and  that  all  things  will  be 
harmonious,  for  not  one  of  these  assumptions  is  likely  to 
be  true. 
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Brick  Association  Moves— The  Common  Brick  Manufac- 
turers' Association  of  America  will  occupy  new  quarters  at 
2121  Discount  building.  Cleveland,  Ohio  after  May  19— Ralph 
P.  Stoddard,  Secretary-Manager. 


Special  Features  and  Methods  of  Handling 

Work,  Outlined  in  Paper  Before  Boston 

Society  of  Civil   Engineers 

By   THOMAS   C     AT  WOOD, 
i  if  T.  i'    Atwood  Oi     u  I        pel  Hill.  N.  C. 

The  trustees  of  the  Universitj  of  North  Carolina  were  sud- 
denly confronted  with  the  problem  of  spending  some  $1,500,- 

for   buildings  and  other   improvements,     I   say   suddenly, 

because  within  a  few  days  near  the  close  of  the  last  ri 
session,  i he  legislature  appropriated  ibis  sum  and  also  abol- 
ished the  state  building  commission  which  had  up  to  that 
nine  handled  the  construction  work  for  all  state  institutions 
and  threw  each  institution  upon  its  own  resources.  The 
trustees   appointed   an  unusually    able    building     committee 

which  desired  to  proceed  at  once  with  the  work  as  the  n 1 

of  increased  facilities  was  great. 

The  program  which  I  suggested  to  them  seemed  to  make 
the  correct  analysis  of  the  situation  and  they  engaged  me  to 
carry  it  out.  This  program  was.  in  brief,  first  to  organize 
a  force  of  architects  and  engineers  to  design  the  work  on 
the  ground  and  supervise  its  construction  and  second  to  let 
the  entire  work  to  a  capable  contracting  firm  on  some  form 
of  cost  plus  contract  and  to  get  them  started  just  as  soon 
as  i  lie  first  plans  could  be  prepared. 

Why  the  particular  form  of  contract  was  selected. — The 
form  of  contract  selected  was  a  modification  of  the  "cost 
plus  fixed   fee"  and  was  selected  for  the  following   reasons: 

It  was  desired  to  start  construction  at  once  without  wait- 
ing for  preparation  of  plans  and  specifications  and  letting  of 
lump  sum  contracts. 

The  construction  was  to  be  in  a  small  town  of  less  than 
1,500  normal  population  with  little  available  labor,  and  to 
have  two  or  more  contractors  fighting  each  other  for  labor 
would  be  unfortunate. 

There  was  no  housing  available  for  the  construction  forces, 
and  as  this  must  be  constructed  it  could  be  done  most  eco- 
nomically under  direct  ownership  of  the  university  and 
remain  for  future  work. 

The  introduction  of  a  large  construction  force  into  a  small 
country  town  was  fraught  with  dangers  which  could  best  be 
controlled  under  such  a  form  of  contract. 

It  was  desired  to  control  the  speed  of  progress  in  order 
to  secure  the  buildings  when  most  desired.  The  most  recent 
building  constructed  at  the  university  had  been  delayed  for 
many  months  because  it  was  let  on  a  lump  sum  basis  in  a 
falling  market  and  it  was  to  the  advantage  of  the  contractor 
to  delay  it. 

On  the  other  hand  there  was  a  very  real  objection  to  what 
was  termed  the  "wasteful  cost-plus  war  time  contracts"  and 
the  problem  was  to  produce  a  form  of  contract  which  would 
meet  the  necessities  of  the  case  and  yet  avoid  the  objection 
stated  above. 

The  form  of  contract.— The  form  adopted  as  given  here- 
with: 

AGREEMENT. 

This  Agreement,    made  this   17th  clay  of  June.    1921,    by  and   be- 

tween    the    Trustees   of  Building   Committ r    the    University   of 

Xorth  Carolina,  of  Chapel  Hill.  N.  C.  (hereinafter  called  the 
Owner)  and  T.  C.  Thompson  &  Brothers  of  Charlotte,  X,  C.  (here- 
inafter called  the  Contractor). 

\\  itnesseth:    That  the  parties  agree  as  fellows: 
ARTICLE  1. 
Contractor  to  Furnish. 

The  contractor  shall  furnish  a  skilled  organization  and  shall 
on  the  work  of  construction  of  college  classroom  buildings', 
dormitories,  dwellings  for  members  of  tie  facultj  and  such  others 
as  may  be  designated  and  the  overhauling,  changing  or  repairing 
of  any  buildings,  and  any  other  structm^s  which  the  own.  i  maj 
require,  all  to  be  located  at  Chapel  Hill.  x.  c.  and  shall  provide 
sufficient  supervision  from  his  main  office  to  insure  efficient  and 
economical  handling  of  the  work. 

ARTICLE  2. 
Plans   and    Supervision. 

The  Owner  has  appointed    T     C.     \tw I.    Engineer,   as   his  Ex- 

ecutive  Agent  on  all  matters  pertaining  to  this  contract  and  all 
matters  involving  expenditures  are  to  be  approved  by  him  or  mem- 
bers   et   his  organization  acting  within    the  scope  of  the    authority 
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expenditures 

the    T     C 

.ui.i  all  work 
•   ■ 

\i:ti. 
Financial. 
■ 
rk   ami   the   Oonl  I   n  nder  sti  li 

howlng 

All     -  !•'.      Illi 

dividends,   uni  . 

UtTICLE   i 
Guaranteed   Estimates. 

ibmll    to 

th     plana   and 

- 

upon   whoa  hall  both    parties 

loying  this  third  luallj 

b]  tli.   i  i  Hi.,  i  lommlttei      S  ould 

i  .  .1  upon,  sui  li  .  iccess  cosl   ol   thi 
structure  shall  be  borni   by  thi   Contractoi   up  to  thi    amount 
fee  iii"''!  this  structure. 

URTH 
Liens. 
Th<     Contractor,  shall    Indei  the    Ownei 

from  laborers'  and  n  I         ork     o  bi 

der  tliis  .  ..iif 

ARTICLE  i 
Bond. 

■  ■  tor  shall  furnish  a  nount  of 

■  ni  per- 
formance of  thi  and  this  bond 
shall  )-.  approved  by  l                                             on  thi   bond  will  be 

■  o\  nt  r. 

[i  i.i:  7. 
Traveling   Expense. 
Whi  iy   in   the  Judgment  of  the  Owner,   traveling 

one  way  shall  !••    allowed  i"  men  in  the  job  or- 
ganizatioi     to  be  paid  aftei  i      Return  >> 

will  not  he  all. 

ARTICLE  3. 
Fee. 
ntractor  Bhall  am   fee 

of  —  mpleted  vail i   work  of  $1,100,000  or  a 

propon  a]  value  of  completed  work  be  less 

than  this  sum.     If.  on  the  other  hand,  the  value  of  completed 

ater  than  Jl.  100,000  an  additional  fee  of shall  be  paid 

LddltlonaJ  value,   no  fee  being   paid   for     i 
(100,000  to  the  main  I  tail  be  ] 

I        I  the  value  i       ■■    i      done  during  thi 

month  compai  cent  of  I  he  fei 

r    until   the    satisfai 

URTH 

Fee    Includes. 
The  fee  paid   ;o  the  Contractor  shall  Lncludi  ■  nsation 

and  all  i  -t  of  the  |ob 

ctor  will  Include  his  home 
elepl  »ne  and 
i 

to    be    furnlshi  d    by    thi 

n  ing:     Ml   woi 

I  he  s.i  ting   up 

when  - 

i    ..f  the 
|ob  bj 

■   :  I 
Termination    of    Employment. 

effect 


>  >»  ii. -i-  all  pi 


shall  ubi  i  iforts  to  u  in  over  ti 

ami  records  in  the  besl   i. 

Contractor  shall  be  entitled  to  receivi    sucb   proportl i 

te  Ol    i.  i  in  ma- 
ll, .ii.   i  I  nd    payabli  hat  dnti      >•.  ai    to   thi 
estimated  •  icpenditun    on  his  poi 
pro\ .  ili 

\ktiii.i:   u. 

Access    to  Records. 

I  ontrai  tor  shall  pel  mil   the  Owm  icci 

to   ail    ri  ind  similar    papers 

relating    to   the   work   and   all  remain    the 

ART1C1 

Insurance. 
Owner  will        ...  ering  losi     by   I 

.  ■  .  .     . 
bllity   for  Injui 

i  he  p.. 

Sub-Contracts. 

. 

the  mi"  ii  Imum,     The  placing  of  sub- 

el     Is  to  b(    approved  bj    tin    Owner.     The  right  is  r. 

bj    the   < >w tier  to  plai 
i  tor, 

in    Will. 

• 
..mi   seals   thi    i  '    above   written 

Special   Features  of  the  Form  of  Contract.— You  will 
several  special  points  regarding  this  contract.     First.   It    is 
a   "cust   plus  axed   tee"  contract,  based  on  a   certain   Bzed 
expenditure    with    tee   reduced    proportionatelj    ti 
expenditure.    Second:     Provi  ion  is  made  tor  Increasing  the 
expenditure  by  securing  d  tee  tor  each  addi- 

tional $100,000  of  added  expenditure.     Thus  the  state  is   pro- 
n  (  payment  of  the  full  tee  if  unforeseen  conditions 
require  the  amount  expended    o  be  materially  reduced  while 
the  contractor  is   i  ainst   being  required   to 

largely   Increased  expenditures   without    compen 
contractor,   it    is    true,   may    be    required    to   exp 
without  added  fee,  but  this  is  only  an   incret 
In  the  principal  sum   and   is   not   unreasonable.     To  alio 
added  fee  for  smaller  sums  would  be  practicallj 
the  straight  "cost  plus  a  e"  contract  which 

expressly  desired  to  avoid.  Third:  It  is  provided  thi 
fore  beginning  work  on  each  structure  an  estimate  of  its 
cost  shall  be  prepared  and  agreed  upon  between  the  contrac- 
tor and  the  engineer  of  the  committee  with  provision  tor  arbi- 
tration in  case  of  disagreemi  nt,  and  the  contractor  shall 
guarantee  this  estimate  to  the  full  amount  of  his  fee  on  each 
structure.  This,  you  will  observe,  gives  the  state  the  benefit 
of  a  reasonably  close  approximation  of  cost  in  advance  on 
each  structure  and  also  provides  the  necessary  incentive  tor 
economical  work  on  the  pan  ol  t lie  contractoi 

It  is  true  that  this  requires  a  considerable  degree  of  mutual 
confidence  between  the  contractor  and  engineer,  but  this  has 
come  to  be  recognized  more  and  more  of  late  years  as  an 
extremely  desirable  feature  ot  construction  work.  In  tin 
prcseiii    case   halt   ol    tin-   total  expenditure   is   di 

bj  these  guarai d  i    til  n  no  case  has  tin  re  been 

any  thought  of  the  nece  orting  to  arbitration,  all 

estimates  having  been  mutuallj  agreed  upon  with  little  ditii- 

CUlty    and    the    respect    Ol    each    side    for   the   other    lias    been 

constantly  strengthened 

Fourth:  A  bond  is  required  This  was  not  original b  con- 
templated, but  when  I  went  over  the  contract  with  thi 

niial.  be  thought    i  ill  for  a  bond  prim  ip.illy 

because   It  is  im    for  .ill    public   contracts   to   require 

one,  tl  ourse  being  due  to  the  fact  that   the  majority  ol 

such    contracts   are   ol   the    lump   sum    variety.      In    this   case 
tin    iiiimi  Instead  ol  beini   tl  r>  construction  bond  was 

to  a  "fidelity"  bond  In  the  sum  of  $2! 
to    provide    for    proper   handling    ol    business,    tin 

tor  the  carrying  on  of  this  work  being  advanced  to 
the   contractor    by   the   univei  unusual    natt 

i  in     i  n  by  the  fai  I  i  hat  I 

propi  late   blank  and   it  iry   to  take 

BOnal"  bond  blank  and  altl 

Fifth:     It  is  clei  isl   v.  hat   we  would  do  In  the 

way  o  for  travelit 

only   to   men   in   the  job  organization   and   only  oni     wi 

•a  e  admitti  il    i  hi    necea  Itj 
have  been   but    few  cases   In  which   travel 
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allowed.  The  railroad  fares  of  labor  it  was  necesaarj  to 
tmporl  baa  been  advanced  as  usual,  but  later  deducted  from 
the  wages  due  and  wi>  have  had  do  difficulty  in  getting  labor. 
This  gives  you  an  Idea  of  how  nearly  we  are  getting  hark 
to  normal. 

sixth:    The  contract  clearlj  atates  thai  taid  to  the 

contractor  includes  not  only  his   profit,   but   also  all   expen  • 

eh  he  is  subjected  except  the  coal  ol  the  lob  orj 
tion.     It  covers  his  home  office  Including  salaries, 

traveling  expense,  telephone  ami  telegraph  chargea  and  speci- 
fies in  considerable  detail  the  work  ana  traveling  which  is 
expected  of  the  home  office  force 

I  have  handled  a  great  deal  of  "cost-plus"  work  in  the  last 

t'i "a  years,  and  have  found  that  there  an    ;i  ni    ill      petty 

annoyances  In  the  home  office  expense  accounts  and  greater 
difficulty  in  checking  them  up  than  in  any  other  one  thing  on 
ib,  and  determined  t<>  eliminate  tins  cause  of  friction. 
B]  specifying  clearlj  the  minimum  number  ol  trips  to  be 
by  members  of  the  home  office  organization,  this  item 
could  be  readily  approximated  for  putting  in  the  bid  and  the 
question  as  to  whether  too  many  trips  are  being  mad 
not   arise. 

The  telephone  and  telegraph  expense  is  small  but  it  is 
slightly  disconcerting  to  find  some  subordinate  in  the 
office  sending  numerous  long  telegrams  or  submitting  heavj 
long  distance  telephone  chargea  in  regard  to  materials  which 
will  not  be  purchased  tor  weeks  or  months  and  on  which  the 
mail  would  be  sufficiently  quick  and  as  a  rule  more  satis- 
tactoi  j 

Seventh:  Termination  of  Employment.  Provision  is  made 
for  terminating  the  employment  of  the  contractor  at  any  time 
on  ten  days'  notice.  Nothing  is  said  about  termination  for 
cause  and  this  omission  was  made  after  due  thought.  With 
is  it  reads  the  contractor  can  he  discharged  at  any 
time  without  the  necessity  of  giving  reasons  or  making  trou- 
blesome  explanations  which  may  form  the  basis  of  financial 
Claims  or  even  of  law  suits.  The  terms  of  settlement  are 
made  a  part  of  the  contract  so  as  to  avoid  claims  for  antici- 
pated profits  on  the  uncompleted  part  of  the  work.  It  is  true 
this  method  of  termination  puts  a  powerful  weapon  in  the 
hands  of  the  owner,  but  the  contractor  knew  in  advance  the 
men  with  whom  he  had  to  deal,  and  besides  the  owner  will 
always  lie  reluctant  to  make  a  change  in  contractors  as  the 
trouble  and  expense  of  such  a  move  is  sure  to  be  great  and 
to  be  undertaken  only  as  a  last  resort. 

In  all  28  bids  were  received,  two  of  which  were  irregular, 
but  the  remainder  bid  on  the  contract  exactly  as  written 
ami  without  a  protest.  The  list  of  bidders  included  some  of 
the  largest  and  best  known  firms  in  the  East,  and  all  seemed 
not  only  willing  but  anxious  to  undertake  the  work  on  these 
terms.  The  price  bid  varied  from  $40,000  to  $80,000,  or  a  fee 
of  about  4  to  8  per  cent. 

The  methods  of  handling  this  work  have  been  thoroughly 
worked  out  and  are  given  below: 

Purchasing. — The  contractor  Is  required  to  secure  the  au- 
thorization of  the  engineer  before  making  any  purchase 
amounting  to  $100  or  over.  Smaller  purchases  he  is  allowed 
to  make  without  prior  authority  but  must  submit  these  bills 
with  the  others,  so  no  purchase  escapes  scrutiny.  A  special 
form  of  authorization  is  used,  which  I  designed  some  years 
ago  on  similar  work  and  have  since  used  exclusively.  It 
provides  spaces  for  the  following  essential  points: 

1.     Description  of  article  to  be  purchased. 

-      Bids  received  per  unit  and  total. 
D(  in  ery  offered. 

4.  Point  of  delivery,  that  is,  whether  f.  o.  b.  job  or  where. 

5.  Recommendation  of  contractor  as  to  which  bid  is  most 
advantageous  and  why. 

6.  Signature. 

7.  Approval  of  engineer. 

This  you  will  notice  places  on  file  all  the  needed  informa- 
tion on  a  single  sheet  in  a  form  easily  referred  to. 

The  question  frequently  arises,  why  was  a  certain  article 
purchased  from  the  firm  and  in  the  manner  it  was.  This  is 
easily  looked  up  in  the  file  of  purchase  authorizations  with- 
out recourse  to  the  contractor's  file  of  bids  and  again  com- 
paring them. 

It  is  sometimes  the  case  that  the  engineer  disagrees  with 
the  contractor  by  reason  of  more  complete  knowledge  of  the 
necessities  of  the  case  and  decides  to  order  from  a  different 
firm,  perhaps  at  an  increased  price.  If  so.  the  record  is  clear 
and  complete  and  the  responsibility  properly  fixed. 


Accounting. — The  contractor  is  required  to  hand  In  each 
week  a  balanced  financial  statement,  showing  all  expendi- 
tures  made   to  date,   hacked   up   by    vouchers. 

This   shows  the   state  of  the   finances,    hut    of   course   does 

how  the  commitments  nor  the   way   in  which  the  job  is 

progressing  as  compared  with  the  estimated  cost.     The  latter 

ii    i".    periodical     I  itementB  which   show    the  cost  to 

date,  plus  the  estimated  cost  to  complete.     Daily  cost  sheets 

hy  the  cost  clerk  are  sent   to  the  engineer's  office  by 

noon  of  each  day,  showing  the  unit  labor  co  ••  incipal 

items   for  the  previous  day,   thus   giving   an   opportunity   to 

continually   compare   actual   with    estimated   labor   cost    and 

take  remedial  steps  before  it  is  too  late. 

Employment  of  Labor. — Standard  rates  for  the  different 
classes  of  labor  were  set  at  the  outset  and  have  been  ad- 
hered to  so  far  with  little  deviation.  Common  labor  is  paid 
20  ct.  per  hour,  carpenters  50  ct.  to  60  ct.,  and  brick  masons 
75  ct,  Overtime  is  paid  for  at  the  same  rate  as  regular 
time.  The  labor  camp  is  run  on  a  contract  basis,  the  man 
in  charge  of  the  camp  being  paid  $5.00  per  week  for  each 
colored  man  boarded  and  $6.00  per  week  for  each  white  man. 
This  amount  is  deducted  from  the  wages.  Colored  labor  is 
housed  in  a  separate  camp  from  white.  The  colored  labor  is 
of  the  regular  shiftless,  slow,  easy-going  kind  usually  found 
in  the  South,  happy  and  care-free,  ready  to  work  hard  if  the 
proper  singing  leader  is  provided,  but  preferring  to  loaf 
rather  than  to  work  any  day.  A  sharp  lookout  has  to  be 
kepi  tor  labor  agents  from  other  towns  trying  to  get  our 
men  to  leave.  There  are  laws  in  North  Carolina  making 
this  a  hazardous  occupation  and  more  than  once  I  have 
called  upon  the  mayor  to  see  that  a  certain  party  ceased  his 
llattering  but  annoying  attentions.  The  old  way  used  to  be 
to  waylay  the  offender  and  beat  him  up,  but  this  method, 
simple  and  direct  though  it  be,  seems  to  be  falling  into 
disfavor. 

Inspection. — The  work  is  carefully  supervised  by  a  resi- 
dent civil  engineer  and  one  or  two  inspectors.  There  is.  of 
course,  less  need  of  detailed  inspection  than  on  a  lump  sum 
contract,  but  I  have  never  seen  the  construction  job  of  any 
kind  where  an  intelligent  inspector  was  out  of  place  and 
unnecessary,  and  most  good  contractors  feel  the  same  way 

Working  Out  of  Contract. — Our  paths  have  not  always  been 
strewn  with  roses,  but  on  the  whole  everything  has  worked 
ouc  admirably.  There  has  been  no  difficulty  in  agreeing  upon 
guaranteed  estimates  and  in  the  case  of  the  jobs  which  have 
been  finished,  the  records  show  costs  to  run  very  closely  with 
the  estimates.  The  only  exception  is  in  the  carpenter  labor 
which  has  run  high,  showing  that  the  efficiency  of  this  class 
of  labor  has  not  returned  to  normal.  Recent  figures  on  the 
dormitories  show  that  they  are  running  close  to  the  estimated 
costs  with  a  possible  saving  of  about  3  per  cent. 

So  far  our  experiment  seems  to  be  working  satisfactorily 
and  all  hands  are  working  faithfully  together  to  make  this 
continue  to  the  end. 


Gas-Tar  Protects  Concrete  Against  Alkaline 
Waters 

In  its  search  for  a  means  of  protecting  Portland  cement 
concrete  against  the  action  of  alkaline  waters,  the  Bureau  of 
Public  Roads,  United  States  Department  of  Agriculture,  an- 
nounces promising  results  from  treatment  with  a  very  fluid 
water-gas  tar,  such  as  may  be  obtained  as  a  by-product  from 
many  artificial  gas  plants.  So  successful  have  the  tests 
been  that  further  investigations  of  the  alkali-resisting  prop- 
erties of  tar-treated  concrete  and  mortar  are  under  way  and 
the  protective  effect  of  water  gas  tar  on  mass  concrete  struc- 
tures is  being  studied. 

The  treatment  consists  of  simply  immersing  the  concrete 
in  the  liquid,  which  is  soaked  up,  even  by  a  dense  concrete. 
Cement  drain  tile  treated  in  this  way  and  stored  from  six 
to  eight  months  in  a  strong  alkali  solution  have  shown  no 
indications  of  disintegration,  and  samples  tested  for  tensile 
strength  were  as  strong  as  those  stored  in  pure  water.  On 
the  other  hand,  untreated  samples  showed  both  disintegration 
and  a  loss  of  strength. 

In  certain  parts  of  the  country  where  alkali  salts  exist 
concrete  drain  tile  and  concrete  structures  have  been  at- 
tacked. In  many  such  places  concrete  is  a  very  desirable 
material  on  account  of  the  accessibility  of  the  materials  that 
go  into  it.  The  bureau's  investigations  aim  to  devise  means 
of  using  concrete  with  assurance. — U.  S.  Department  of  Agri- 
culture Press  Service. 
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The  Importance  to  the  Contractor  of 

Better    Cooperation    Between 

Contractors  and  Engineers* 

Bj    c    II     Mo  U  LIST]  R 

It   is  the  aim  mi"  the  respoi  •  liable, 

skillful  and   bonesl   construction  to   tbe   owner 

and  his  representative,  tbe  enginei  is    well  as 

profitable,  ti>  tbe  contractor  bin 

The   relationship   betw  ■  •  ■     I  od    the   conl 

should  be  one  of  mutual  responsibility  and  ol  clo  •    coopera- 
tion,  by   which   the   Interests   ol   both   cai 
and.  by  the  promotion  of  thl 

ctor    (through    the    work    ol    the    \     G     C.)    seeks    to 
avoid,  as  far  as  possible,  differ*  i  opp  n  tunities 

lor  misunderstandings,  and  very  often  expensive  law  suits. 
All  of  these  no)   only  breed   -  ontrai  tor   in 

the  mind  of  the  engineer,  bul  result  In  the  writing  of  speci- 
fications, bo  full  ol  restrictive  beyond 

at  the  conb  couraged  (■>  gamble     if  be  bids 

.a  all    adding  an  unreasonable  amount  for  contingencies  which 
e  in  carrying  out  a  contract   in  which  the 
rved  unto  himself  arbitrarj    authoril 
bas  decided  In  advance  questions  ci  responsibility, 

which  verj   often  arise  through   I  n  ol   the  structure 

or  the  written  provisions  tor  its  construction. 

Restrictive  Clauses  in  Specifications.     Thi     Associated  Gen- 
erica    know    that    the    Irresponsible 
■  tor  is  largely  to  blame  for  such  restrictive  cl 
in  specifications  and  that  this  Is  particularly  true  of  public 
works  contracts.     There  is  In  tins  Association  a  determina- 
eliminate  conditions  which  encouragi    irresponsibility, 
embracing  as   it   docs   unfair   p  :  Eective  work,  de- 

llberate  violation  of  agreements,  etc.,  etc.  This  Association 
propo-  ip  a  plan  tor  the  promotion  between  owner 

and  contractor  of  thai   relationship  ol   mutual  responsibility 
which   will   insure  the  elimination  of  unfairness  and   estab- 
lish that  cooperation  which  will  ultimately  result   In  a 
of  time,  money  and  temper  to  both  parties  ol  the  contract. 

It    is    this    which    the    Asscx  ral    Contractors    of 

America  has  in  mind  In  presenting  this  matter  to  you  today 
for  discussion,  requesting  of  the  engineer  his  cooperation  in 
this  important  undertaking,  believing  that  the  engineer  is 
also  vitally  interest.  ,1  in  the  elevation  of  the  construction 
industry. 

The    first  standardization   as    far   as   possible. 

of  specifications,  particularly  of  those  general  clauses  which 
either  ir  so  little. 

Plans    Bhould    be   clearly   drawn   and   should   be   comph  te 
before  they  are  given  out.     The  opportunity  for  disputes  be- 
nt" additions,  eliminations  or  deductions   should   he  re- 
i    to  a  minimum. 

Engineer  Should   Back   Borings. — Borings  or  test   pil 
vations   should   be   made  and   the   results   published    by    the 
engineer,     it  is  the  general  practice  to  make  borings,  ex- 
hibit them,  and  thei  h ei  I ■  i-    m 

trouble  in  connection  with  foundation  work  due  to  lack  of 
reliable   information   as   to   soil    com!  I  i      with 

i  ol    general    construction;    and.    while    we 

that  the  present  hit  or  miss  method  of  making  borings 
:id  misleading,  we   believe  that  bor- 
in  be  made  or  test   piti   dug   which   will   fairly    ■ 

This   information   will   in 
to   eliminate   the   opportunity    to   gamble   and    to    p 

unbalancing  of  bids,  saving  many  times  over  tl I  of  the 

preliminary   investigation  Iving   the  engineer   him- 

from  whicb  to  accurati 
ibstructure  ai  to  his 

tnitted  fc  i    bids. 

notified    to 

te    of    the    woik    and    satisfy    1, 

the  condil 

■  ractoi    w  ish 

I       likely  that  be  would  need  offii  lal 
m  on  puidic  iari Icularly  on 


and   highways.   We   hold   that   the  furnishing  ol   this 
Information  should  be  as  much  .,   pan  of  the  owner's  duty, 
as  it  Is  the  furnishing  ol  the  plans  and  specifications  govern- 
be  i  onstruction  ol   I  n<     I'ork 
The  Gamble  in  Contracting.     In  examining  plans  and 

before    tbe    Bubml      on    ol    a    bid,    the    responsible 
contractor  general!  plant  layout  for  the  handling 

ol    the   w ork      til    n  i  i     the   approximate 

quantities   which   are    submitted    to    him    as    a    part    of   the 
cations   tor  the   design    ol     i    plant    layout      Consider 
how   he  must   neccssarih    gamble   on   this  large   Item 
it'  be  is  furnished  with  que  i  h  are  not  approximate. 

Of  course,  we  realize  thai  a     ■  itement  of  quantitli 

Imati  .  bul   i  hey  should   \  •  <  •   onlj    i  y  a  small  pi 

ices  could  i"   i  Ited  to  show  the  unreasonable 
expense  to  whicb  contract  been  placed  througl 

failure  on  the  part  of  the  e     iei   and  his  repre  entatlve,  the 
•     to  |  ive  the   bid  Informal  Ion   at   the   I  one 

of   requesting   the   bids      u  i        i  be   englm  i  i  bat 

iii     biddi  i  o  largely   upon   the  correct- 

ness of  the  quantities  give  i  i  that  these  are  not  only  for 

the  purpose  ol  a  com] bids  but  bj 

the  responsible  contractoi    In  preparing  his  bid,   -■ 
he  will  then  consider  it   ol       eat   Importance  to  himself,  as 
well  as  to  the  bidder,   to         e   these  quantl  nearly 

correct  as    it   is    possible         get    them.     Specifications,   of 

Course,  contain  clauses  advi  ing  the  bidder  to  satisfy  him- 
self as  to  these  approxlmati  quantities,  son  ■  itions 
even  placing  u] tbe  i  infractor  the  obligation  ol  clock- 
ing the   plans   and   specifications   and    Imposing   upon   him   the 

dutj   of  notifying  thi    i  i  ol  errors  of  omission  or  com- 

mission.    It   is  uni  to   expect   the   contractor   with 

his  engineering  working  force  to  do  in  a  few  weeks  what 
it  has  taken  the  owner's  engineering  force  several  months 
to  do.  If  a  responsible  contractor  took  cognizance  of  all 
such  clauses,  it  would  mean  the  employment  by  him  of  an 
engineering  office  I .         bich.  added  to  his  over- 

bead,    would    mi    in    bis    inability   to   compete   against    thl 

sponsibl ntractor  for  any  work  at  all. 

Standardize  Specification  Clauses. — The  cooperation  of  the 
engineering  fraternity  is  earnestly  requested  in  the  stand- 
aridzation  Of  general  clauses  of  specifications.  It  is  our 
to  eliminate  clauses  whicb  are  restrictive,  indefinite, 
and  which  would  probably  tend  to  promote  serious  misunder- 
standings. It  is  also  inn  di  ire  to  have  clauses  which  defi-| 
nitely  restrict  the  irresponsible  contractor  from  prosecuting 
his  work  in  an  unskillful  manner  and  attempting  evasion 
of  clauses  covering  honest  .onstruction.  We  believe  that 
there  is  a  necessity  for  Intel  eni  and  (rained  supervision, 
and  realize  that  a  favorite  clause  in  specifications  which 
provides  that  the  contractor  shall  make  good  any  defei  tS, 
even  though  the  work  has  been  inspected,  could  be  strength- 
ened to  the  advantage  of  both  parties  by  providing  thi 
owner  shall  furnish  competent  inspectors,  rather  than  men 
who  get  positions  because  ol  political  Influence.  An  Inspec- 
tor of  experience  and  engineering  training  who  is  fair  minded 
is  often  able  to  adjust  without  i  wrangle  questions,  th 
(lenient  of  which  in  the  hands  ,,f  an  incompetent 
tive  of  the  engineer  in  charge  would  cause  trouble  between 
i  he  engineer  and  the  com  rai  tor. 

Employer-Employee    Relations.     Many    specifications   cover- 
ing   public    works     consl  i      provide    restrictions    on    the 
Contractor    in    relation    to    his    employi  Phi     i     clauses    re 
strict    the    contractor    to    thi     number    of    hours    which    shall 
in    titute    a    day's    work    and    a    week's    work,    and    also    pn> 

vide  a   minimum   rate         i  liospite   the   fact    that    such 

re  trictive   clause  part    ol    the   contract,   some 

contractors  are  permitted  to  openly  violate  (hem.  While 
others  are  held  strictly  to  theii  at       li   incorporated 

unities    recognize    tin     law    covering    such    restr 
mbodj    them   in   their     pei  ifii  at  Ions,   it    is   fair   to 
contractors  who  have  submitted  bids  tor  such  work  and  who 
intend   to   live  up   to  tl  that  these  ci  imm 

should   also   act    when   tie  are   disregarded 

Wo  are  pleased   to  not  ■  Ions   « bleb 

ha  v.-  n  i '  nt  Ij    been  I    iu<  d  i  ontain  a  i  lam  e  >  m  . 

i  lie    American    Institute    ol    Architect!    and    tie 
\  ne  i  ii  an    Engini  1 1  cognize  the 

ciple  ol   arbitration   In   their   present    standard   bulldlnj 

1 1  act   ii  i  in.  ami  we  belle\  e  th 

it    ait.  ni  uni   iii   connection   with 
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our   study   of   the   relation    betwei  ir    and    contractor. 

No    fair-minded    engineer    questions    the    right    of    th(     con 

>r  to  present  his  side  in  a  di  pute,  who  would  gladly 
submit  his  case  to  a  board  of  arbitration  as  provided  tor 
in   a    contract,   unless    he    willfully    intend  ade    his 

responsibility.     We  are  therefore  in   tavor  ot  embodying   In 

eneral  clauses  of  the  contract   a    provision   tor  arbitra 

ehich  will  provide  tor  a  settlement,  possible, 

ol  .ill  disputes  which  may  arise  in  the  intei  oi  speci- 

iv,,i or  in  i  be  execution  ol  the  i  ontract. 

What  of  Concrete   Aggregates?— We   belli  lecifica- 

Uons  covering  the  proportioning  oi    thi     •  u  ed  in 

mixing  concrete  should  be  simplified  and  d.  The 

ictor  liases  his  estimate  on  the  u  e  ol  satis- 
factory mat. 'rial;  the  Irresponsible  contractoi  generally  fig- 
ures mi  the  cheapest   materia]  it   is  possible  to  buy,  regard- 

ol  its  quality,  and  hopes  by  some  means  to  have  this 
materia]  passed  If  he  secures  the  contract.  Bei 
conditions  existing  at  different  places,  as  far  as  variety  of 
materials  is  concerned,  specifications  should  deflnitelj  cover 
the  quality  desired  by  the  owner,  and  there  should  be  no 
opportunity  for  the  irresponsible  contractor  to  become  mis- 
led through  the  specifications.  It  should  be  the  dul 
every  reputable  engineer  to  thoroughly  investigate  the  qual- 
ity of  the  materials  available  tor  his  work,  so  that  he  may 
definitely    specify    what    is    to   he    used.      The    specifications 

ng  the  proportioning  of  the  aggregates  should  be  care- 
fully drawn.  .Many  times  expensive  cement  is  wasted  be- 
of  the  Indifference  of  those  interested  in  the  proper 
proportioning  of  the  aggregates.  If  this  was  given  careful 
attention  the  reputable  building  supply  dealers  in  the  various 
communities  would  of  necessity  have  accurate  information 
for  the  contractor  as  to  the  weight  of  the  aggregates  per 
cubic  yard,  the  percentage  of  voids  contained  in  such  com- 
modities as  gravel,  crushed  stone  and  slag,  and  would  also 
furnish  through  their  sales  department  a  report  on  the  char- 
acter and  quality  of  the   material. 


For  a  Great  Clearing  House  of  Con- 
struction Information 


Racommendation  by  the  American  Section  of  the 
Committee  on  Construction  of  the  Inter- 
national   Chamber   of   Commerce 

The  American  Section,  acting  upon  recommendations  made 
by  the  International  Chamber  of  Commerce  at  its  meeting 
in  London  in  June  and  July,  1921,  has  now  submitted  its  re- 
port on  this  subject.  The  recommendations  under  which  it 
acted  were: 

1.    Appoint  a  permanent  committee  to  undertake  a  sur' 
tl"    Construction   Industry   which   shall  proceed  along  the   In 

Hating  and  disseminating  the  vast  amount  of  valuable 
data  which    is    at    present   in    the    possession    of   such   agencies   as 
British    Engineering    Standards    Association;    the    Royal     In- 
stitute ..f   British   Architects;   the  French   Ministry   of  Commerce; 
'he  Office  de   Batiment   in   Paris;   the  Internationa]   Bibliogra] 
Advisory    Committee   of   the   Ami 
ill.-     National   Federation    of   Construction 
Industries    of    the    United    States;    the    Associated    General    Con- 
tractors of  America,  and  a  number  of  similar 
in  different  countries. 

!      Subject  :o  the  availability  of  funds  which  can   l>.    i, 
the  puri  .!,    :,   necessary  staff  for  carrying  out  the  work 
1    above." 

The  American  Committee  consisted  of  Noble  Foster  Hogg- 
son.  New  York,  chairman;  Col.  John  R.  Wiggins,  Philadel- 
phia. Pa.,  and  Col.  F.  W.  Abbott.  Paris,  France.  What  fol- 
lows  is  taken   from  the  report. 

American  Survey  Begun. — In  line  with  the  purpose  ex- 
pressed in  this  resolution,  the  American  Section  of  the  Com- 
mittee on  Construction  has  devised  a  plan  to  meet  the  re- 
quirements of  the  construction  industry  in  America,  and 
it  is  the  hope  and  belief  of  the  committee  that  the  same  plan 
with  perhaps  some  modifications  can  be  adopted  to  advantage 
in  other  countries. 

If  other  member  countries  will  put  such  a  plan  into  opera- 
tion and  report  to  the  headquarters  of  the  International  Cham- 
ber of  Commerce,  it  will  not  be  long  before  the  hope  of  the 
Committee  on  Construction  for  a  continuing  survey  will  be 
realized. 

It  is  very  gratifying  to  be  able  to  state  that  the  Associated 


Genera]   Contractors  of  America,  an  organization   repn 

Ing    1,21 0   oi   the   Leading  on  fli  mi    ol    the    i  halted 

States,     lias     had     the     business     foresight     to     Bee     the     value 

which    the    proposed    Survej    of    Construction    ami    ; 

Bureau  wilt  have  for  the  construction  industry  in  America, 
ami  beginning  Oct.,  1921.  has  pul  such  a  plan  into  operation 
The  first  six  months'  work  shows  very  satl  tactorj  develop- 
ments ami  pi ise  hi    Increasing   value  and  importance,  not 

onlj    in  the  constructor!    oi   tl untrj    bui   al  o  '"  bankers, 

in. nun, id  liters.    eiiL'ineei  lei  lniical    .  di. mis,    and 

editors. 

Plan  Applied  to  Construction. — The  Service  Bureau  is  func- 
tioning  in  the  following  manner: 

Fund  ions  of  Sen  ice  Bureau 
a — Obtaining,   assembling   and   cuii  elating   data  of  act  i  i 

terest  to  all  branches  of  the  construe!  ion  industry. 
b — Preparing   and    filing    the    original    and    analyzed    data    in 

convenient  form  tor  active  use. 
c     Studying   interrelationships  of  such   data  and   discovering 

their  significance. 
d — Presenting  this  data  in  graphic  and  tabular  form  with 
explanatory  notes  through  weekly  reports  to  those  in- 
terested in  construction  in  its  various  branches, 
e — Acting  as  an  information  or  service  bureau  for  the  con- 
struction industry,  to  furnish  quickly  special  informa- 
tion as  required  by  individuals. 

Classes  of  Statistics  Presented. — The  principal  classes  of 
statistics  which  the  bureau  of  the  Associated  General  Con- 
tractors is  collecting,  follow: 

Fundamental   Construction   Statistics: 
1 — Materials  of  construction— 

a — Production. 

b — Shipment. 

c — Stocks. 

d — Prices  at  mill. 

f — Prices  at  point  of  consumption. 

(Figures  corrected  occasionally  showing  resources  by  loca- 
tion  and  quantity.) 
2 — Labor — 

a — Number  of  people  employed  in  the  construction  indus- 
try, by  trades  and  locations. 

b — Wages  and  hours. 

c — Immigration  and  emigration. 

d — Local  labor  agreement  conditions. 
3 — Products  of  Construction — 

(By  location  and  class  of  construction.) 

a — Contracts  let. 

b — Building  permits  issued. 

c — Value  of  contracts  in  progress. 

d — pemand  in  near  future. 
4 — Transportation — 

a — Cars  in  use. 

b — Car  shortage  and  surplus  (by  kind  of  car). 

C — Car  loadings. 

d — Ton  miles. 

e — Railroad  earnings. 
5 — Finance. 

a — Interest  rates. 

b — Bank  clearings  and  debits. 

c — Bank  deposits  and  reserves. 

d — Exchange  rates. 
6 — Economics — 

a — Wholesale   and   retail   price   indices. 

b — Cost  of  living. 

c — Stock  market  prices. 

d — Ability  to  secure  loans  and  charges  for  same. 

e — Various    indices    of    business    acticity    as    these    affect 

construction. 

As  far  as  practical,  this  information  is  gathered  regularly 

— weekly,  monthly,  or  quarterly  as  the  case  may  be — in  order 

to    interpret    properly    seasonal    and    local    variations,    note 

exceptions,  and  indicate  trends. 

Derived  Statistics. — On  the  basis  of  this  and  similar  data, 
the  bureau  computes  many  derived  statistics — some  of  them 
monthly,   some   quarterly   or   yearly,   and   some   occasionally. 
Examples  follow: 
a — Indices  of  construction  costs  for  the  country  as  a  whole 

and    for   localities,    subrivided    into    material    costs    and 

labor  costs, 
b — Production  versus  requirements. 
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■ 
d — Effect  ol  freight  rates  and  i 

e — Effect  ol  Immigration  laws  or  labor    upply. 
f — Prospective  adequacy  of  trai 

c,     pri  Km  i  !'•.  kiiul  and  place  I. 

Sources  of  Data.    The  bureau  util  illeal  possi- 

ol  data,    it 
alma  to  b<   a  collating  and  analyting  rather  than  a  colli 
Existing  Bourcea  (all  Into  the  following  tour  ol 

■  niu.iii.il    Federal,  st;iic  and  Municipal 
b — Business  publications. 

ii     Individual  tirms  and  corporations 

Practical    Value    of    Service. -The    practical     ■ 

-   ,.i  this  bureau  us  II  develops  to  Individual  tirms  inter- 

d  construction  is  unlimited      No'   onlj    may  any  firm 

Interested    In   construction   keep    Informed    on    the   trend   of 

price,  In   order  to   more   Intelligently    Bize 

mi  their  own  Individual  problems,  bul  actual  Bervlce  m 

onectlon  with  such  Individual  problems.  Such 
Bervlce  "ill  require  time  and  effort  to  perfect,  but  it  is 
emit,  within  reason  to  picture  a  central  source  ol  Informa- 
tion on  construction  to  which  one  may  nun  for  Immediate, 
accurate  and  reliable  Information  on  anj  subje< 
construction. 

For  example:  A  contractor  proposes  to  bid  upon  a  build- 
ing job  at  Dunkirk,  X.  v  Prices  can  ••  iide  on 
materials  and  labor  of  practically  all  classes  tor  some  nearby 
large  city  Buch  as  Buffalo,  X  Y.  Special  prices  tor  steel  can 
be  had  f.  o  b.  Pittsburgh.  Mileage  and  tri  can  be 
readily  Becured.     Costs  of  living  tor  employes    who  must  be 

■  the    job   and    maintained    there    can    be    ascertained. 
rates  charged   by  banks  tor  loans  such   as   might  be 

obtained   locally,   with   the  contract  as   collateral,    can   he  ob- 
tained     Reports  of  stock  on   hand   at    different    points   will 
indicate  where  probabilities  exist  of  buying  to  the  besl  advan- 
tage.    Reports   of   unemployment   will   show    possibilities   of 
securing  labor  locally   or  at   the   nearby   main   centers.     Re- 
port.- lei    will  Indicate  the  ai    iunl    ol    <<>mpeti- 
tion    of    labor   and    materials    which    can    be    expected       The 
number   and    value   of   building    permits    Issued    will    indicate 
the  possibilities  of  securing  other  jobs   In   the   saint-   district. 
I   overhead  can  h>    reduced  and  extra   profits  secured 
or  minor  reductions  made  in  bids.     Comparisons  ol  statistics 
fur  various  months  will  render  the  p  much 
in   iii.-tri<ts   where   bids   have   already   been   prepared 
some   months   previously,   and   where  contracts   are   actually 
under    way   so    that   accurate   comparisons    ran    be    made    be- 
tween   the    public    statistics    and    figures    Becured    in    actual 
work  localh 
In  fact,  with  such  a  burden  functioning  at  full  capacity,  a 
aay   ask  for  a  report  in  such  a  case   which,   al 
slight  expense,  "ill  give  him  invaluable  Information  affecting 
his   bid      Such    service    is  being   rendered   in   other   field     ol 
business.     It   remains  only  for  the  construction   industry    to 
a    central   agency  to   be   able   to   have   such  advan- 

ample:  a  terra  cotta  manufacturer  wishes 
the  best  mat     *    i     \  hich  to  conci  utri 
campaign;    prices    tor    various   terra    cotta    products 
may  be  made  available-  weekly   [or  all   the  principal  markets; 

peiiem         ind  comparisons   « ith  pr 

i  ill  --how  what  seasonal  occur; 

■    building    permits    o\.-i    .  onsiderable 

will   indicate  cities   and   districts    in    which    building 

and    where    it    has    been    inactive;    bul    is 

likely  to  di  -.-.  in  indicate  the 

-  ;i  the  manul 

i  elved   iron,   terra    i  otts    pur- 

al   market ;    and    ilmila    j    « ith   the   many 

lecision 

•  i  id  Q|    cost 

II  |    '.  Ith  those  m  adj  ■ 
i   quantity   list 
mall  reside) 
manul  liable  In  mi  i  \ 

Hi  building  ..,,  the 


cities  will  ghe  an  immediate  answer-  to  tie-  ques- 

tion. It  material  prices  are  high,  the  statistical  service  can 
begin   to  Investigate  the  reason   bj    comparing  slock-   on   hand 

rious   points,  the  amount    ol    unemployment,   thi 

1 si  of  living,  the  lnt<  rei  I  rates,  and  other  I 

Results   Obtained   in   Six   Months.     The   point   is   that,   with 
the  wealth  oi   Information  winch   now    exists  affecting  con- 
struction, a  bureau  such  as  this,   properlj    manned 
claliBts  who  are  devoting  their  time  to  discovering  al 
and  data  relal  ctlon, 

industry     immediate     and     .•  i      which     do 

individual    can    attempt    to    providi        This    service    ih. 

ciated  General  Contractors  ol    America  has  begun  to  develop. 

The  Improved  character  and  i  ope  ol  -  ui 

has  been  obvious  as  compared    with  the  meager  Information 
gathered    by   Individual   tirm-.   01    presented    Irregular! 
not  readily  accessible  in  thi   i  i  hi    re  poi    e  from 

constructors    has    l as.     Ol    thi     1,200    mem- 

of  the  Associated  tot  .  approximately 

200  from   all   parts  of  tb  havi    alreadj     igi 

supply   information   regular!)  to   prices,   wage-   and   condi- 

tions in  their  locality  supplied  b]    the  bureau. 

Statistics  Create  Wide  Interest.— Naturally,  the  attention 
of   others  interested   in   •  m    has    been   attract 

the  reports,  and  beginning  Jan    1.  1922,  sub  crlption  to 
has  been  opened  to  others  than  members  of  the   Associated 
General  Contractors  of   \  bank- 

ers, manufacturers,  labor  officials  and  editors  have  expressed 
keen  interest  in  the  reports  The  attention  ol  the  American 
Federation   of   Labor   has   beet     attracted    by   data    presented 

iboi   and  especial lj   by  the  analyses  . 
tion    wages   and    the   cost    of    living,    which    have    brought    to 
light    many   discrepant  le  !    furnished    the    basis    tor   an 

intelligent  and   fair  basis   ol   adjustment. 

Engineers  and  architect.-  are  finding  the  data  presented 
of  value  both  in  consultation  'oik  and  in  the  preparation  of 
estimates  tor  clients;  manufacturers  In  the  analysis  of  mark)  t 

conditions  and  price  trends,  and  in  the  preparation  ol 
campaigns  and  sales  literature.  Bankers  and  allied  inter- 
ests are  welcoming  such  statistical  information  specifically 
applied  to  construction,  a  an  aid  to  them  In  determining 
the  Milue  of  construction  investments.  Opportunity  to  take 
advantage  of  the  -civic,-  js  being  extended  to  all  other  asso- 

■  iations  In  the  construction  industry,  including  contractors, 
sub-contractors,  material  manufacturers  and  dealers,  real 
estate  operators,  and  to  chambers  of  commerce  and  the 
daily  press  whose  interest  iii  such  Information  is  obvious  as 
part  of  their  activity  in  inaugurating  housing  campaigns, 
accelerating  public  Improvements  and  industrial  development. 
and  determining  local  employment  and  wage  conditions 
Several  colleges  and  universities  have  also  placed  the  sen 
ice  in  their  libraries  to]  use  in  i  ounection  With  their  technical 
courses. 

In   these    ways    the    bui  d)    is    providing   a    better 

knowledge  of  construction  conditions  among  those  most 
directly  connected  with  it.  which  will  result  In  more  accurate, 
and  consequently  lower,  bids;   and  through  the  Influence  of 

the   trade   and   daily    pre  confidence    In   COStS   and 

is  being  engendered    with  the  consequent   restoration 
of  public  confidence  and  general  prosperity. 

World    Service    for    All    Industries.      The    experiment    which 

Dg    tried    out     i  n    industry    is   capable   of 

extension   to  all   the   major   industries   in   America,   including 

textili       leather,    metals,    I I  tufl   .    furniture,   mining, 

culture,  etc.,  etc  To  create  a  similar  bureau  in  each  induaj 
try,  in  line  with  Secretary  Hoover's  policy  In  connection 
with  the  department  of  Col and  to  pool  the  informa- 
tion and  data  m  the  department   foi    the  benefit  of  the  wbole 

■  ounl  i  j   w  ill  ine\  Itablj   be  of  Immensi 

Similarly,   the   plan   may   be   ■     tended    to   other    nations.     If 
itiona  in  England  It         eti      similar 

to  thi  d  I  on.  i  ai   i    ii  Imerica,   will  as- 

sume responsibility   foi   dev<  -icir  par- 

ami    in    each    country    ultimately    extend 
o  Include  all  n  rie  .  there  would  soon  be  de- 

for  a 
great  international  exchange  ui  Information  through  the 
Inlet  national  Chamber  oi  Commerce  Tie-  pos  ibilitles  for 
great  industrial  progress  through  uch  an  exchange  of  infor- 
mation are  unlimited 
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Indeterminate  Structures  Mechanically  Analyzed 

Results  by  Mechanical  Method  Give  Remarkable  Check  with  Theory,  and  Provide  Great 

Reduction  in  Labor 

Tests  with  Paper  and  Celluloid  Models  of  Various  Structures  Described  in  Detail* 

By  GEORGE  ERLE  BEGGS, 
Asso  Civil  E      Ineerlng,   Princeton  University. 


Muring  the  summer  of  1916  my  attention  was  given  to  the 
problem  of  the  deflections  and  stresses  ot  the  triple  span 
continuous  trusses  of  the  new  B.  &  L.  E.  It,  It.  bridge  over 
gheny  River.  One  of  these  trusses  is  shown  In  Pig,  1. 
On  account  of  the  various  conditions  of  loading  for  which 
it  was  necessary  to  calculate  the  four-truss  reactions,  it  was 
considered  advantageous  to  construct  their  Influence  lines, 
after  calculating  their  ordinates  by  the  theories  of  deflection 

368-3  Continuous  Tkuss  ef&t  Auccwr  Rivck  Bmocc  •/  B.-*/E  RR 
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and  least  work.  These  influence  lines,  plotted  in  Fig  1. 
resembled  the  elastic  curves  of  continuous  beam's  fastened  al 
three  supports  and  deflected  a  unit  distance  at  the  remain- 
ing support  for  whose  reaction  the  influence  line  was  drawn. 
To  determine  the  accuracy  of  this  observation,  a  10-ft.  pole 
of  uniform  section  and  three  nails  were  used.     To  draw   the 

Comparison  or  Influence  Line  Ordinates 

OBTAINED     BY     ThCORY    A  NO     BY      POLC 

fox  the   a.te-8'  Continuous   Truss   or  B."*L.E  Br 
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influence  line  for  R,.  the  pole  was  restrained  by  single  nails 
at  R.,  R,,  R„  and  deflected  at  R,,  a  distance  to  scale  1,000  lb. 
The  ordinates  to  this  elastic  curve  were  measured. 
The  comparison  of  values  obtained  by  this  crude  mechaiv 
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ical  apparatus  and  by  exact  theory  are  given  in  Fig.  2.     The 
agreement  of  values  is  seen  to  be  remarkably  good.t 

The  fundamental  principle  of  any  mechanical  solution 
is  Maxwell's  Theorem  of  Reciprocal  Deflections,  as  proved 
and  applied  in  all  texts  on  higher  structures.  Consider  the 
very  complicated  structure  shown  in  Fig.  3.  Suppose  in  the 
first  instance  that  this  figure  represents  the  actual  full-sized 
structure.  Let  it  be  required  to  find  the  horizontal  thrust  at 
the  hinge  at  the  foot  of  the  third  column,  caused  by  a  load 
P  on  the  first  arch.  Assume  for  the  sake  of  argument  that 
the  third  support  is  changed  from  hinged  to  roller  bearing, 
so  that  horizontal  motion  may  occur  freely.  Attach  to  the 
lower  end  of  the  column  a  cable  which  carries  a  weight  H. 
This  weight  is  such  that  it  holds  the  column  from  deflecting 
horizontally  when  the  load  P  rests  on  the  arch.  Now  attach 
to  the  right  hand  cable  shown  a  pail  carrying  a  very  small 
load  f  pounds  of  sand.  From  the  weight  H  hang  an  empty 
pail.  The  foot  of  column  deflects  a  small  distance  0.5  d, 
from  point  3  to  point  1,  and  at  the  same  time  the  load  P  is 
moved  from  point  6  to  some  point  7.  Now  transfer  the 
sand  f  to  the  pail  at  left  of  3.  The  column  deflects  a  hori- 
zontal distance  d,  from  1  to  2.  while  the  load  P  moves  from 
point    7    to    8.      From    Maxwell's    Theorem,    it    follows    that 

/  d, 

H  equals  P         — 

d, 

It  is  to  be  noted  that  in  general  the  value  d...  is  the  com- 
ponent of  the   deflection  of   P   in   the  direction   of   P.     It  is 


evident  from  this  equation  that  H  becomes  known  as  soon 
as  the  ratio  d-d,  is  evaluated,  and  the  load  P  specified.  It 
is  further  apparent  that  this  ratio  of  deflections  may  be 
obtained  by  applying  to  an  elastic  unloaded  model  of  the 
actual  structure  a  small  deflection  d,  and  measuring  by  ac- 
curate  means  the  corresponding  deflection  d..  There  is 
an  advantage  in  introducing  the  deflection  d„  half  to  the 
right  and  half  to  the  left  of  the  mean  position,  for  the  frame 
is  distorted  from  its  geometric  position  less  than  if  the 
deflection  were  all  on  the  same  side  of  the  mean  geometric 
position^ 

Assume  in  the  second  instance  that  it  is  desired  to  know 
the  bending  moment  at  the  foot  of  the  second  column  due 
to  a  load  P  on  the  first  arch  (Fig.  4).  Assume  that  the 
connection  of  this  second  column  is  changed  from  fixed  to 
hinged.  Let  the  hinge  pin  be  a  shaft  keyed  to  the  foot  of 
this  column  and  turning  freely  in  a  bearing  that  is  fixed  to 
the  foundation.  On  this  same  shaft  mount  a  wheel  of  1  ft. 
radius  as  shown.     Support  by  a  cable  wound  on  the  circum- 

-The   author  next   refers   to   some  significant  by    Mr 

•tning  of  the  American    Bridge   Co.    in    1919;    and    then    gives 
turle   and   comments   on    the   cumbersomeness   .if    the    well- 
known    method    of  slope   deflections. — ED1TOK 
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ol  this  wheel  .1  weight  \i  ol    >  <  value  that  thi 

«(  this  column  is  nut  rotated  tr II  isition  when 

IP  ■          on  the  Bret  art  b       Vtl  to  the  right-hand 
.  Ing  a  very  gniall  ' 
the  weight  U,  hang  an  empt]   pail  shown     T 
ol   the    wheel   defli    •  1    distance    0 
clockwise,  and  at  the  Bame  time  thi  >  down- 
ward                       he  right.    The  motion  shown  by  the  draw- 
•  '.    magnified.     Ni  ■•  ad    I 


Fig.   4. 


pail.     The  circumfi  the  wheel  will  deflect   a 

distance   >i    counter   clockwise,   and   at   the    same   time   the 

P    will    move    upward    and    toward    the    left,    thi 
pi. mm  ni   us  motion  in  the  direction  ol  P  being  d  .     From 
Maxwell's  Theorem  it  follows  that 
M  =  P 
vident  that  the  value  of  thi    weight   M  that  will  pro- 
duce elastic  equilibrium  becomes  known  as  soon  as  the  ratio 
of  d,   to  d    is  evaluated  and   the  load  P  specified.     It  is  also 
apparent  that  this  ratio  may  be  obtained  by  applying  to  an 
unloaded    model    of   this    structure    a   corresponding 
small  rotative  deflection  d,  and  measuring  by  accurate  means 
1  esponding  deflection  d  . 
It  is  further  clear  that  the  value  of  the  weight  M  is  numer- 
ically equal  to  the  bending  moment  at  the  toot  of  the  second 
column,  since  the  radius  of  the  wheel   is  unity.     As  before 
and  for  the  same  reason,  the  deflection  d    is  applied  half  on 
side  from  the  mean  geomet  ition 


ag  to  rciv  entirely  on  Bucfa  philosophical  0 

a   J  k    the    above 

principle  by  a  pre 

:  an  Indeterminate  structure  •  a  shown 

In   Fl|  ■  d.     The  frame   w  ■     made  of  wood 

'I    main    horizontal 
d   In  length  1 

igether.     The 


three-hinged  Frame  was  supported  In  a  horizontal  position  on 
the  Boor  and  floated  on  ball  bearings   that  moved  freely  be- 

glass  plates     While  1  easuring  deflections  no  weights 
were   applied    to   the   structure       In    order   to   determin 
deflections  the  value  ol  \  3  thai  would  be  1 

by  a  load  p  equal  to  19  lb     tb     ratio  d    d    wa 
mined  as  follows:   the  pin  al  3   was  removed  and  the  point 
forced  t"  defli  upward  by  an  amount 

and   then    rert  award   by  the  same  amount. 

The   correspi  poinl    B,    was   to   A  .   and    its 

deflection  d,  was  measured      \ 'ding  to  the  principle  pre) 

vlouslj    explained,  V    equal         <i     i-  lb.,  in  whicb   equation 
the  ral  nowi  and  d    was  such  tl 

was  calculated  to  be  8.4  lb      a      Imilar  method  11    was  •cal- 
culated to  be  1 1.6  lb.    Tl  tlon  at  3  fi      Pi 
12  IP.  was  thus  complete!)             ained,  Its  value  15  lb.  being 
equal  to 

\  11 
The  pin  was  replaced  in  i,,:  The  load  p  eq  tal  to  12  Ibj 

was  applied  hy  im  .  atei  veighl  acting   through  a 

cord    wound    over    a    bii  \ 

force  Of  16  lb.  was  similar!     applied  in  the  line  of  the  resultant 
ol   11    and  V    by  a  cord  ■•■   In  the  bat 

hi   ."..    The  pin  at  '■■  ■      then  n  mot  ed      To  mj 

greal    satisfaction    no   di  urred    upon    removal    of 

this   pin.     The   reaction   ol    15   lb.   at    hingi  I  mined 

' ,    [or    H     produced    both 
statis    and    elastic    equill  Similarly     the 

hinges  1  and  L'  were  detei  n        d,  and  theii   i 

deti  rmined    emu  ely    1  > >■    deflection 
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measurements  are  seen  to  satisfy  very  well  the  three  laws  ol 
statical  equilibrium.    The    mall  errors  maj   be  i 
the  crudeness  oi  the  apparatus. 

In    order   to   reduce    the      cale    ol    the    models    and 
in     time    to    impi  '•     Of    the    observations,    it 

was   soon   decided    to    D  lodels    of   celluloid,    and    to 

read   the   deflections    bj  micrometer    micri 

These  microscopes  will  read  directly  to  about  1   161 i   ai 

inch.     They    are    of    a    stock    pattern    except    for    thi 
section  lining  in  the  field  ol  view 

The   tirst    structure   solved    by   aid   of   the   microscopi 
an  arch  similar  to  that  shown  in   V\n.  >>.     A   celluloid 
Of    this    arch    to   scale    span    equals    6    In.    was    placed    on    the 

drawing  board.  The  ri^hi  hinge  pin  was  made  immovable, 
and  the  left  hinge  pin  wai  allowed  horizontal  motion.  T__r 
arch  floated  on  small  ball  bearings  placed  between  il  and 
the  drawing  hoard.  One  microscope  was  placed  over  jV 
i.  it  hinge  and  oriented  to  read  its  horizontal  motion.  The 
other  microscope  was  placed  over  the  poinl  of  application 
oi  the  vertical  load  and  oriented  to  read  the  vertical  com- 
ponent   of  the  deflection  ol   thi    load  point.     The  experiment 

was    >  II     measured    Vi 

deflection  of  the  load  point  to  thi    horizontal  motion  of  biBfi 

multlpl  '  gave  H  equal  to   14,600  lb 

i,    ii  goo     h en  bj  the  common  theo 

The  practical  difficult}   of  tin    method   was  the  mal 
the   celluloid    model..      Al    i  he      ug|  ■  stion    ■ 
dents,  I  decided  to  use  heavy   papei    or  cardboard  foi 
Tin-  thickness  i  ho  .  n  .  an  I  •    .  ui  «  Ith  a  few 
pre,  sed  throw 
maki    very  satisfactory  hfngi  \   model  of  thi 

arch    bown  in  Fig   6  was  mad.-  ,,t  paper  to  Bcaii 
to   -ii   In      The   values  ol    n    obtaini  d    from    the,  defli 
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of  this   paper  model   read   through   tin-   n  omparo 

very  closely  with  those  given  hy  the  common  theory.  Models 
of  several  other  structures  were  also  made  of  thick  paper, 
and  the  reactions  found  bj  deflection  reading  agreed  as 
i  loselv    as    might    be    expected.      A  :    ration    will 

show  that  as   the  depth  of  the  rib  increases,   the   value  of 

H  should  decrease,  until  the  reactions  l im'e  almost  entirely 

vertical   when   the  rib   is  several   feel    deep.     The   effect  of 

\  10  000 
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the  increase  of  the  depth  of  rib  on  the  reduction  of  11  is 
Shown    by    the    results    in    Fig.    7. 

The  difference  between  results  by  model  and  theory  for  the 
ring  in  Fig.  8  may  be  partly  chargeable  to  the  approxima- 
tions in  the  mathematical  analysis.  In  any  case,  the  error 
:^ible  for  practical  purposes. 

The  paper  model  of  the  arch  with  fixed  ends  shown  in 
Fig.  !'  was  made  to  scale  span  equal  to  20  in.  The  right 
end  was  fastened  to  the  drawing  board  and  the  left  end 
glued  to  a  movable  block.     The  model  was  floated  on  small 
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Fig.  8. 
ball  bearings.  Unit,  moment,  thrust,  and  shear  deforma- 
tions were  introduced  in  succession  at  the  left  support,  where 
one  micrometer  microscope  was  used  to  measure  the  motion 
of  the  foundation.  The  second  microscope  was  used  to  read 
the  vertical  components  of  the  deflections  of  the  rib.     These 


lattei  deflections  are  directly  proportional  to  the  influence 
line  ordinates  for  the  moment,  shear,  ami  thrust  at  the 
left  support  of  the  arch.  The  small  variations  between  the 
dotted  and  full  influence  lines  in  Pig.  '.i  indicate  the  close 
agreement  of  the  value;  reel  from  the  paper  model  with 
those  obtained  by  theory.  A  record  of  the  numerical  values 
by   the   two  methods  is   given   in   Fig.    10. 


In  order  to  bring  the  theory  into  agreement  with  the  results 
read  from  the  model,  it  was  necessary  to  apply  to  the  values 
obtained  by  theory  the  correction  for  thrust  shortening.  The 
two  solutions  agree  quite  closely  enough  for  practical  design. 
There  are  strong  reasons  for  believing  that,  the  mechanical 
solution  is  fully  as  near  the  truth  as  is  the  theoretical 
solution. 

Deformeter  Gage. — The  final  development  in  the  mechan- 
ical method  was  the  design  and  application  of  the  deforme- 
I-  i  -aye  shown  in  Fig.  fl.  The  function  of  this  gage  is  to 
introduce  at  any  section  of  the  model,  either  at  the  support 
or  at  any  other  section  of  the  structure,  a  unit  deformation. 
This  may  be  a  pure  thrust,  shear,  or  moment  deformation. 
Suppose,  for  example,  that  it  is  desired  to  obtain  the  thrust 
at  the  fixed  end  of  some  member  M  of  any  indeterminate 
structure   due  to  a  load  P  applied  at   some  point   A   of  the 

Comparison  of  values  Obtained  by  Theory  and  by  Paper  Model 

Por    Arch   No  IS   Ens.  News     6-2 -10 

Effect  of  Thrust   Shortening   Included  in  Both    Cases 
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Fig.  10. 
same  structure  and  acting  in  the  direction  CA.  These  latter 
points  appear  in  the  field  of  the  micrometer  microscope  set 
up  over  some  load  point  A  of  the  model  structure.  The  cross 
lines  of  the  microscope  field  are  oriented  in  the  direction 
CA  of  the  applied  load  P  which  direction  is  penciled  on  the 
model  for  convenience  in  orienting  the  microscope.  At  the 
fixed  support  the  paper  model  M  is  clamped  to  the  gage  by 
means  of  the  plate  d.  The  model  floats  freely  on  small  ball 
bearings.  The  bar  a  of  the  gage  is  fastened  to  the  drawing 
board  by  means  of  the  phonograph  needles  n,  a   thin  piece 
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of  paper  f  being  used   between    i  and  iwimj   board  bo 

that    the   bar   b   may    ha  ■  ■  l'"' 

hinged  BupporU  the  plate  d  la  omii  i'1"  ,l  '"  1,ar 

■    binge  pin      If  the  thrual    <•  the   fixed  aupporl 
.in.'    to  IP   acting    m   .in. .  tlon       \      I     I  is  d 

two  round  normal  plugs  In  th< 
with  two  small  wooden   wedges  Placi    In  the  gage   th>- 

;.air  of  thrust  plugs  shown      Read   in  the  micro 
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the  position  of  the  load  point  A  ol  the  model  Next  place 
the  pair  ot  smaller  thrust  plugs  in  the  gage.  The  load  point 
ieen  in  the  microscope  to  move  along  a  straight  line  to 
a  point  B.  Take  reading  of  the  position  B,  and  by  difference 
obtain  the  deflection  AC  =  d..  If  the  total  thrust  deforma- 
tion introduced  bj  the  standard  deformeter  gage  be  d,,  the 
value  of  the  thrust  at  the  support  in  question  equals  (d  d,) 
P,  and  is  a  compression,  tor  the  upward  deflection  at  the 
support  bus  eaused  the  load  point  A  to  deflect  In  a  direction 
opposite  to  the  direction  CA  of  the  applied  load.  Thi 
chanical  method  therefore  gives  both  the  sign  and  value 
of  the  desired  component  of  the  reaction.  To  obtain  the  mo- 
ment and  shear  at  the  same  Bection,  the  moment  and  shear 
plugs  are  used  in  the  gage  In  similar  manner  and  values  of 
moment  and  shear  are  calculated  from  the  .two  corresponding 
deflection  measurements  made  With  the  microscope. 

If  the  moment,  Bhear,  and  thrual   at   some   interior  Bection 
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respondlng  deflections  of  the   load   points  o(  the  model  are 
read  through  the  ii  ;.i  the  corresponding  moment, 

thrust,  and  Bhear  at   the  iluated   as  before.     The 

shown  in  the  following    in.    Illustrations  and   also  for 
a    pintle    span    beam    with    fixed    ends    were    obtained    by    use 

of  small   Bcale   paper  models.     (Scale  l   in.  =  l   ft.)     The 
tions    were    Introduced     bj     the   standard   deformeter 
gages  and  the  deflection  of  the  load  points  read  through  the 
microscope. 

For  the  single  beam  the  deformeter  gage  was  attached  at 
"<i  and  the  ii'  d  to  read  vertical  deflec- 

tion   at    the    Center    of    spun    caused    by    the    small    rotation    at 
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the 


ml  produced  by  reversal  of  the  moment  plugs  in  the 
gage.  The  agreement  of  the  two  results  for  moment  at  the 
Bupport  is  satisfactory.— Taper  Model  1,230  lb.,  Theory  P. 
2  B,  1,260  lb. 

In  Fig.  12.  the  deformeter  gages  were  attached  at  the  three 
supports  A,  C.  B,  and  the  three  components  of  reactions  de- 
termined by  reading  the  horizontal  deflections  of  model  at 
the  load  point  D.  The  forces  and  couples  at  A.  C,  1>.  so 
determined  together  with  the  load  at  D  are  found  to  satisfy 
the  three  equations  of  equilibrium  with  remarkable  precision. 

The  components   of   tl  ona   of  tie     four-post   portal 

in  Fig.  13  were  similarh  determined  both  by  model  and  by 
slope  deflections. 

The  reactions  calculated  by  the  model  deflections  again 
Batisfj  very  well  the  three  laws  of  equilibrium  and  agree 
reasonably  well  with  the  values  obtained  by  theory.  There 
Is  qo  reason  to  believe  thai  thi  theory  values  are  more  accu- 
rate than  those  obtained  by  the  model.  From  the  compo- 
nents   •.!'   these    ton  their   magnitudes,   directions    ' 
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and   positions   were  calculated.     A    celluloid     model    i 
■  n   made  i«.  a   scale   1   in.  =  1   ft      Thi 
of  the  reactions  a-  determined   from   the  deflections 
paper   model   wen  tie-   extended    foundations  of 

this  celluloid  model  as  Bhown  in  Fig    i  I      Hob       ■ drilled 

along  these  lines  and  a  Blngle  hinge  pin  out  in  each  fi 
nywhere   along   the    in>>'   of    it-    reaction       \    ■ 


(104) 


Engineering   and   Contracting   fo}    May    24,  1922. 


501 


force  was  then  applied  al  the  poinl  K  In  the  direction  shown. 
causing  the  structure  to  deflect  throughout.  None  ol  the 
four  foundations  rotated  appreciably  on  their  single  hinge 
pins  Tins  is  a  practical  proof  of  the  correctness  of  position 
and  direction  ol  the  reactions  obtained  by  the  deflection  of 
the  paper  model. 
The  structure  In  Fig.  14  presents  no  more  difficulty  than 
receding  one  when  solved  mechanically.    This  problem 
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was  completely  solved  by  reading  the  twelvi  deflections  at 
point  E  corresponding  to  the  H.  V.  and  M  displacements 
introduced  successively  by  the  four  gages  at  fixed  supports 
A.  It.  C,  D.  The  effect  of  changing  the  supports  from  fixed 
to  hinged  was  easily  investigated  after  removing  clamping 
har  from  the  gage  (Fig.  11)  and  allowing  the  paper  to  turn 
freely  on  the  hinge  pin.  The  values  of  reactions  obtained 
by  deflections  are  seen  to  satisfy  the  three  laws  of  equilibrium 
\  ery  closely. 

The  structure  shown  in  Fig.  15  was  tested  by  deflections  to 

determine  the  effect  of  knee  brackets  on  the  reactions.     Note 

great    change    in    H,    and    H.   as    the    four    brackets    are 

removed  in  succession.     Any  theory  that  omits   the   effect  of 

ickets   evidently  may  lead   to  large  errors. 


Stresses  bx  Pbper  Model 


^~^t_ 

1 

Z 

3 

4 

CHECKS 

H 

139  — 

11*5  — 

2332  — 

380  — 

ZH=4- 

V 

2080  1 

1145  O 

654  n 

216    (1 

ZV-631 

M 

0 

m  3 

184  3 

68B  ;• 

JMt=3K5 

4000 


.  32t 
'4000 


.08' 


Fig.  16. 
In  order  to  show  the  generality  of  the  model  method,  the 
reactions  and  internal  stresses  in  the  complex  elastic  struc- 
ture in  Fig.  lti  were  determined  by  model  deflections  and  the 
results  checked  by  the  three  laws  of  equilibrium  applied  to 
the  portion  of  the  structure  to  the  left  of  the  dotted  section. 
Considering  the  magnitude  of  the  applied  loads,  4.000  lb.  total, 
the  check  by  statics  is  very  satisfactory. 


American  Shortcomings.  Comparison  of  two  designs  of 
similar  concrete  structures,  one  made  in  America  under  the 
assumption  of  partial  continuity,  and  the  other  made  in 
Leipzig  under  the  assumption  of  full  continuity  lead-  to  the 
conclusion  thai  the  American  design  is  either  structurally 
weak  or  structurally  uneconomical  as  compared  with  the 
European  design. 

When  it  is  remembered  thai  the  bending  moment  due 
to  distributed  load  varies  as  the  square  of  the  effective  span 
length,  it  is  apparent  that  there  is  much  greater  strength  and 
economy  in  the  structure  designed  and  built  as  a  fully  con- 
tinuous structure.  One  reason  why  American  engineers  have 
not  recognized  or  planned  for  greater  continuity  in  their 
designing  is  because  of  the  laborious  mathematical  work 
involved.  If,  however,  the  analysis  by  elastic  models  is  dem- 
onstrated to  be  a  practical  method  of  solving  the  more 
difficult1  problems  in  concrete  structures,  and  further  if  the 
designer  may  be  assured  of  the  strength  and  uniformity  of 
the  concrete,  the  hope  may  be  expressed  that  in  the  near 
future  the  designer  will  be  more  ready  to  mold  the  most 
adaptable  of  materials,  concrete,  into  a  greater  variety  of 
stiff,  strong,  and  economical  structural  forms  than  have  yet 
been  conceived  or  attempted. 


Keeping  Up  with  the  Procession 

Some  excellent  advice  for  the  college  graduate  just  enter- 
ing upon  his  engineering  career  was  given  by  Lenord  Met- 
calf.  of  Metcalf  &  Eddy,  consulting  engineers,  Boston,  Mass., 
in  an  address  last  March  to  the  seniors  in  Mechanical  En- 
gineering at  Massachusetts  Institute  of  Technology.  The 
following  abstract  of  the  address  is  reprinted  from  The 
Tech  Engineering  News: 

After  the  Institute,  what?  Have  you  thought  of  that  sub- 
ject really  seriously,  or  are  you  only  drifting?  I  assume 
that  you  would  not  be  here  if  you  did  not  have  ambition; 
but  what  is  your  ambition?  Are  you  looking  forward  to  burn- 
ing your  books  and  finding  a  job  that  will  pay  you  as  much 
as  possible?  Are  you  planning  to  follow  your  father  and 
"go  him  one  better"?  Are  you  out  for  adventure:  or  have 
you  watched  the  world's  leaders,  the  workers  of  the  race, 
and  planned  your  campaign  along  definite  lines  to  broaden 
your  vision,  your  experience,  and  increase  your  ultimate 
value  by  work  which  will  count  in  those  directions,  rather 
than  simply  in  the  direction  of  increased  income:  by  study 
of  books  and  current  literature,  by  contact  with  bigger 
minds,  and  by  observation  and  comparative  analysis  of  your 
work  and  that  of  others  about  you.  You  cannot  float  lot 
long.  It  is  either  a  case  of  sink  or  swim.  If  you  try  to  float 
the  lack  of  exercise  will  let  the  water  chill  you.  You  will 
get  the  cramp  and  sink.  If  you  swim,  will  you  be  content 
to  paddle  around,  or   will   you   race   your  competitor? 

The  Field  a  Broad  and  Attractive  One. — If  you  have  any 
strong  bent  and  are  wise,  you  will  follow  your  bent.  Broadly 
speaking,  there  lie  open  to  you,  professional,  administrative. 
and  operating  work  with  existing  enterprises;  purely  pro- 
fessional work;    teaching  and  editorial   work;    and  invention. 

Your  first  decision  will  be  as  to  whether  the  professional, 
or  commercial  and  administrative  side  of  the  problem  in- 
terests you  most.  Both  are  attractive  and  afford  equal  op- 
portunities. It  is  essentially  a  question  of  preference,  though 
your  preference  may  be  limited  by  opportunity.  In  the  first 
you  deal  with  science;  in  the  second,  with  men.  If  you 
select  the  professional  field,  then  you  must  decide  whether  it 
shall  be  that  of  general  practice  or  of  practice  in  the  field  of 
a  going  concern.  The  former  is  more  likely  to  lead  to  greater 
adventure  and  breadth  of  information,  but  also  to  the  itin- 
erant life  of  the  professional  hobo,  so  to  speak;  the  second. 
to  a  more  normal  though  perhaps  more  restricted  life;  but 
no  man  is  free.  If  you  select  the  administrative  or  operative 
field,  you  will  work  with  an  organization.  You  may  do  so 
in  the  professional  field,  but  everything  will  be  viewed  from 
the  impersonal  view  and  demands  of  the  organization.  Rela- 
tively, so  few  enter  the  field  of  invention,  teaching,  and 
editorial  work,  attractive  as  they  may  be,  that  it  is  not 
necessary   to   dwell   upon   them   in   this   discussion. 

You  can  well  afford  to  spend  the  next  ten  years,  or  there- 
abouts, in  gathering  breadth  of  experience,  more  or  less  re- 
gardless of  your  compensation  during  this  period.  The 
broader  and  deeper  the  foundations  which  you  lay  the  more 
likely  your  final  structure  will  be  to  develop  fine  proportions. 
Consolidations    in    Selecting    Your   Work. — In   selecting   the 
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i  i      i  bi    n  •■•  ■  •    your 

own  part     You  iia\ ••  had  suffii  n  your 

to  i.iimu  the  ad\ anti  13     in  cold- 

ential 
lop  it,  and  the 

1  learly  the  ore  «  Ulch  1  '  oul  of 

you  lead  ii  with  the  idi 
Ij    in  mind. 
No  man  should  be  ashamed,  even  with  the  training  which 
.iinii  you.  to  In-Kin  al  the  bottom,  and  every  man 
who  has    been   "through   the   mill"  ' 

which  comes  from  having  carried  his  burden  throughout  the 
path  traveled,  and  the  advantagi  nallj  helpin 

With    his    pack. 

•   pping  forward  from  the  rear  rank  to  the  front 

I  one   position  to  another,  you   Will   be  confronted   with 

doubl   as   to   whether   it   would   be 

time  a  doubl  enters  your  mind  you  worry  about   it. 

you   bad   better   stay   where   you   are.      But    If  you   think   that 

nine  it  appears  you  can  dl  pel  It,  you  had  better  go. 

you  will  be  aide  to  forward  and  develop  both  your- 

nd  the  business. 

The  General  Administrative  Problem.  When  you  leave 
the  Institute  yon  will  not  he  likely  to  establish  your  own 
office  Immediately,  because  you  havi  not  yet  had  tin 
perlence  which  would  make  this  advantageous,  but  I  wish  to 
point  the  way.  and  to  tell  you  a  little  about  the  general  ad- 
ministrative problem  as  experience  has  shown  it  to  men 
who  have  succeeded. 

There  are  two  general  methods  of  administration,  one  to 
build   up   thi  organization   that    you   can,  even  at 

the  risk  of  being  surpassed  and  elbowed  out  of  it  by  better 
men:  the  other,  to  build  up  an  organization  of  good  fellows 
with  cramped  initiative. 

If  you  pursue  the  first  course  your  possibilities  will  be 
limited  only  by  your  success  in  judging  ami  picking  your 
associates  and  your  stall  You  will  continue  to  grow  and 
broaden,  and  you  will  experience  the  keenest  of  pleasures, 
that  of  constant  intellectual  stimulus.  You  will  find  oppor- 
tunity to  see  more  of  life  and  nature,  through  having  asso- 
strong  enough  and  trained  enough  to  bear  your  load 
when  you  are  absent.  If  you  pursue  the  second  course, 
your  position  may  !»■  safer  from  the  point  of  view  of  perma- 
nency, but  your  output  will  be  far  more  limited,  the  esprit 
de  corps  of  your  organization  probably  lower,  and  you  will 
be  constantly  in  danger  of  nervous  wreck  if  your  business 
grows  and  prospers.  The  leader  sees  what  should  be  done 
and  finds  a  way.  The  less  successful  man  thinks  first  of 
and   wonders   what  can  be  done. 

Organizations  Are  Not  the  Growth  of  a  Night. — If  you 
examine  organizations  you  will  find  that  they  have  not 
grown  over  night;  thai  they  are  the  result  of  careful  thought 
and  planning.  No  mill,  no  business  organiz.ation,  can  double 
its  output  quickly  and  maintain  its  old  efficiency.  The  human 
and  psychological  factors  ate  too  Important,  the  necessary 
checks  and   count  too   numerous,  the  inertia  of  the 

new   idea,    the    influence   of  n>  A    of   new   en- 

viron.': all    too    great        Vnii    must    know    your    men 

I  as  your  machines,  and  must   lit  the  one  to  the  other. 

thl  I  P  Morgan  organization  so  strong 
for  so  many  years?  "Money,"  you  say.  No,  far  from  it — 
brains.  It  I  thai  Morgan  had  the  shrewdness  to 
see  that  continuous  su<  ■  1  be  bad  only  through  peri- 
odic penalization  of  hi  '1      He  was  in  the  fa\ d 

II  of  being  aide  1.  .,1   t);,.  men  in  the 
bankitiK   Held.     Again  and   atvun   he  drew   into  his    firm,  new 

the  ablest    ■  could   find;    men   drawn   from 

I  lie  remote  sei 
1    world;    men    of    initiative,   of 
ter,  ami  of  experience.    The  pace  travelled 
terrific,   tin-   responsibility   which   he  threw   upon 

ib"  usual   limit  of 
dividual,   and    then    he    retired    with    hi-    stake,    a    band 

thi     en  •■    which  he  had  rendered 

succeeded   by   a    new  partner   with 

fresh                     ad   power,  better  attuned   to  the  demands 

of  his  day.  who  went  ahead  under  No  wonder 


that  under  BUCh  a  policy  .1.  1'.  Morgan  and  Compam  have 
In  hi   their   ow  n. 

Study,  if  you  will,  one  ot  out  most  illustrious  group  ,,-, 
men,  making  up  Stone  &  Web  ter  and  it-  allied  enterprises. 
1    remember   them   when    |  three   young   engineers 

just  getting  a  foothold,  who  had  thi    vision  to  see  thai  there 

was    a    gap    between    the    Invi     'or    and    certain    public    needs, 
which    they    could    bridge.      Tin     bridge    which    thej     dl 
and    built     was    BtTOl  leal,    and    well    adapted    I 

traffic,    it  Inspired  publli   coi  the  load-  which 

called    upon    to  sup] grew,   they   still,  m-d    tin-    Boor, 

then  tin-  girders,  then  rebuilt  thi     tructure  again  and  again, 

1  j   tie-  Increa sing  load  i'  It   well  adapted  to 

its  work.    They,  to,.,  studied      eir  problem;   they  anticipated 
onditlons  before  the]    wen    1   ced  with  them.    Thej   did 

not    wait    for  failure.      So   tin;  ord   of   which 

any    man    might    be    proud 

Example    of    Different    View    Points.     Let    me    1 

5  OU    1  SMI    examples    of    the.  Hill     ol     \  p-w 

with  regard  I Iminit  b  al     tlon   methods  all 

referred  to  I  im  of  thi  0 1  6  1  he  strong- 
est men  that  be  can  find,  lies  his  problem  as  1 

rch,  who  is  beloved  pected  by  his  fellow  men, 

and  who  has  made  a  worn!,  -    il   record   in   tie-  civil  and  me- 

Chanlcal   engineering  and   in  the   insurance  fields;    tin-  other, 

nan  who  kept  bis  km  to  himself,  surrounded  him- 

ilh    a  loyal   group   01    .      ployes,    lather   than    with   asso- 

and   who  also  left    a  record   of  splendid   enginei 
service,   but   not  of  an   01.         .1 1  ii  111    which    could    carrj    on 

his  work  after  he  was  goni  1  ai  h  a  producer,  each  a  n 

of  bis  subject,  but  with  thl  I   iking  difference,  that  tin-  first 

became   a   leader  of  men.   generous,   to   his   confreres   and   as- 
sistants, sought  bj    0  as  well  as  by  the  older 
the  second,  isolated,  bitter,   unrecognized,  and   unsought    by 
his   professional   brothers. 

Tin-  first  may  be  known  to  you — John  R.  Freeman  of  the 
class  of  76 — President  of  the  largest  group  of  Manufacturers' 
Mutual  Fire  insurance  C01  .  1 .11  su it i ne;  engineer  on  the 

Charles  River  Dam  of  tin-  Metropolitan  Water  Hoard  of 
Boston,  on  tin-  Greater  Water  Supply  of  New  York  City,  on 
the  Hetch-Hetchy   project   ol   the  City  of  San   Francisco,  on 

the  rebuilding  of  the  Grand  Canal  and  control  of  Moods  on 
certain  of  the  large  rivers  of  China,  and  on  many  other 
projects;  a  past  president  of  tin-  American  Society  of  Me- 
chanical Engineers,  and  at  tie-  moment  president  of  the 
American  Society  of  Civil  Engineers.  He  has  commanded 
the  confidence  of  the  financial  world,  and  is  know  11  by  en- 
gineers as  one  of  the  able  I  ol  our  Investigators  of  special 
engineering  problems.  This  means  that  he  is  a  master  in 
the  field  of  applied  science,  and  knows  the  importance  of  the 
financial    side   of   the   problem. 

The  second  is  unknown  to  you  and  to  this  territory,  no 
longer  living,  but  a  very  abb-  man  in  his  time,  who  has  left 
a  splendid  record  of  engineering  service  behind  him.  The 
keynote  to  his  administrative  views  was  given  in  the  com- 
ment made  one  day  by  him  to  a  fellow  engineer  whom  he 
was  showing  over  some  of  his  large  works,  when,  aft «  1 
ing  and  chatting  with  one  of  his  men,  he  turned  to  his  friend 
and  said:  "That  man  is  most  useful  to  me.  He  does  exactly 
as  I  tell  him."  He  valued  the  ability  to  follow  more  highly 
than    to    initiate. 

What  has  lain  at  the  root  of  Freeman's  success?  Indomit- 
able work,  an  open  and  acquisitive  mind,  character,  cour- 
teous relationship  witli  otln-r  men,  and  uenerous  recognition 
of  their  worth  and  work.  No  wonder  that  he  is  respected 
by  other  engineers.  And  with  the  other  man.  what  was  the 
cause  of  his  failure  to  receive  greater  recognition  from  his 
profe  aional  brothers?  Profe  lonal  Jealousy  and  failure  to 
stimulate,  encourage,  and  applaud  the  advance  of  those  about 

or  under   him.   and   to  I    when-   credit    WS 

How  to  Broaden  Your  Outlook.  -To  what  was.  or  1 
negie'8,  Schwab's.  Vail's.  or  Stone's  success  due?  11  is  due 
to  work,  to  knowledge  of  men,  to  n  ion  and  to  character 
What  then  can  you  do  to  broaden  your  outlook  and  your 
prospects  as  you  enter  youi  life  work.'  First,  get  an  aim 
in  life,  if  you  haven't   one  already,  and   with   it   a   hobb]   t" 

ride;       eCOnd,      tUdy    nun;    third,    don't    burn    your    old    books. 

but  look  upon  tin:  in   time  of  need,   rathi 

more   books   and   study   them,   that    you    may   keep   pace  with 
progressive  development;   fourth,  keep  up  with  current  tech- 
literature,  particularly  m  your  own  field,  and  broaden 
your  field  as   much   as  you    can    follow    Roosevelt's  lead  In 
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making  it  a  point  to  do  a  bit  of  good  reading  daily,  to  come  CIir_-   :ntr  Variations  inTimhpr  Stress- 
ing contact  with  a  better  mind;  Attn,  join  and  take  an  active  Surprising  V  anauons  in  I  lmDer  Oiress- 
parl    in   the   proceedings   ol    bod                   onal    society    one  eg      Allowed     bv     Different 
working  In  your  chosen  field — t                                           '.   in-  •> 
formation    and    acquaintanceship;    sixth,    interest    youi  Building    Codes 

as  circumstances  will  permit,  in  publii    service  work,  

tor  it  will  give  you  a  now  point  ol  view   and  a   wider  circle  _                                      " 

uf  friends  and  acquaintances  having  different  interests  from  Economic    Wastes    Caused    by    Present    Lack    or 

your  own;  sevi  uth,  keep  an  open  acquisitive  mind,  beware  of  Uniformity 

your  mental  attitude,  and  let  it  always  b<                      re  and  ,...,,,,,,.   ..    ,-,,,,.,.-,  , 

not  destructive  in  its  Influence    any  man  can  criticize,  but  '■>    ''"  IIAU    ''    KIMBELU 

rcentage    who   can    build    up   and    better    existing   con-  Architectural  and  Building                                     onal  Lumber 

ditions    is    small. 

my  good  fortune  to  be  more  or  less  closely  in  It    is   now  generally   known,   as   a    result    ol    the    publicity 

touch   with   various   technical   societies   in   the   past,   and  to  that  has  been  given  to  building  codi                  i  matters  dur- 

kn.nv   their  activities  and  aims.     Thej   you  advantages  ing  thl.  pas)  yeaP]  ,,,.,,  ,,,,.,.,,  is  .,  striking  lack  ol  uniformity 

that   you   cannot  afford  to  ignore.  building   regulations    in    American   cities.      In   view   of  the 

Finally    he   sure   that    you   do   not  overloi  ct    "i 

personality  upon  success.    In  professional,  as  in  commercial  fact  that  the  particular  divergence  that  app 

-    personality    counts.     Men   like   to   do   bu   ines     with  is  the  greatest  variation   in   allows                          stresses  for 

men  whom  they  like  and  whom  they  remember  because  they  timber,  we  recommend  a   study  of  the   data  here   presented 

liked  and  respected  them,  as  well  as  because  they  recognized  tQ  am.  am,   M  Wfl0   take  interest  in   the   economical   use   of 

their  technical  attainments.     Luck  is  rarely  a  determinative  ..,.„-.                 ,                     D                          ■       .   ,      o- 

factor  in  mans  success.    Your  future  will  depend  upon  alert-  l«mber    >n    buildlnS    construction.     S.nce    approximately    95 

teadfastness  of  purpose,  hard  work,  and  straight  think-  per  cent   of  all   homes   built  are   either  frame   buildings   or 

ing.     No   influence   can   make  good   the   lack  of   these.     The  buildings  with  frame  interiors  the  strength  standards  which 

fact   that   you   have   survived    in   the   intellectual   struggle   of  reguIate   the   size  of  wood   supporting  members,   and   which. 

the  four  years  of  this  institution  is  to  vour  credit,   but  you  ,                ,.       .  .        .                   ..                ...        .  _  , 

.,,   "    ,  '  ,          ,  .                       •     vji  .1,.  i    „,- •„        <•   „   ™*  therefore,  have  a  direct  bearing  upon  the  quantity  of  mate- 
will    tind    that    this    struggle   is   but  the   beginning   ot   a   yet 

greater    struggle    for   higher  goals   commensurate  with   your  rials  used  in  these  supporting  members,  deserve  the  careful 

greater  strength.    Face  the  struggle,  then,  with  an  open  mind.  consideration  of  every  one  interested  in  building  construction. 

With  determination,  and  with  a  smile  on  your  face,  and  you  Q         £           Rer  Cent   of  citjes  Specify  Timbep  stresses _ 

will  reach  your  goal.     I  wish  you  God-speed.  Investigation  shows  that  410  of  the  1,478  cities  with  a  pop- 
ulation of  5,000  or  over  have  a  building  code,  and  that  only 

What    Interests    Engineers    and  What  They  117,    or   28    per    cent,    of    these    410    building    codes    specify 

•  jr                     -y.,      .       «»       ..  working    stresses    for    structural    timber.      In    other    words, 

Want  at    1  heir  ivleetings  lllv  92  per  cent  of  tne  cities  witv,  a  population  of 

5,000   or  more  fail  to   provide   in   any   way  for  the   economic 

Members    of    Seattle    Chapter    A.    A.    E.    Express  use  of  lumber  in  buildings.     Fifty-six  of  the  117  codes  which 

Their    Preferences  contain  stress  tables  have  no  stress  values  for  dense  Douglas 

A  study  of  the  kind  of  meetings  members  want  was  made  fir  and  98  °f  tnese  codes  contain  no  stress  values  for  sound 

by  the  Seattle  Chapter.     Returns  from  questionnaires  asking  Douglas   fir.     Seventeen   of   these   codes   make  no   provision 

the   preference  of  members  were  as  follows:  whatever   for   dense   Southern    yellow    pine    and    58    of   them 

Weighted  make  no  stress  allowance  for  so-called  sound   Southern   yel- 

l-     Activities  for  meetings.  low  pine. 

Civic  enterprises   10?  .  ...      ,      ^, 

stria!  enterprises    '. 93  There    is    a    similar   disregard    for    varying    quality    m    the 

Power  and  utilitj   project!        89  stress    allowance   for    other   species,   and    some    species    are 

Roads.  higl.wa\  s  and   bridges    »»  . ,        ,. 

Railroads  and  street   railways   55  entirely  excluded  from  consideration. 

o,   telephone  and  telegraph   48 

2.  Outside  speakers  on  following  classes  of  subji  Peculiarities    of    Codes. — The    National    Lumber    Manufac- 

Bankire'1"1"5    turers'    Association    recently    made     a     comparison     of      the 

Elements  of  success  stresses   which    appear    in    these    117    building    codes    which 

'  |[jjjL_' 48  revealed  some  very  strange  things.     For  the  sake  of  having 

hology    ....... 7..... 7.. '"...7.7."" 43  some   standard   of  comparison,   the   values   recommended    by 

3.  Tr,?sa.o  ^uu^triaTpTams'on  Saturday  afternoons.'  the  Forest  Products  Laboratory  of  the  United  States  Depart- 

'Kind  of  plants  preferred.)  ment  of  Agriculture  were  taken  as  a  base  and  in  only  one 

Construction  projects    78  co(je  ^   tile   stresses   correspond   with   those   recommended 

Manutacluring  plants    .1  .  r . 

Electric,   steam  and  hydraulic   fi2  by  that  laboratory.     \\  hile  it  is  true  that  the  stresses  in  a 

University  laboratories    number  of  the  codes  closely  approached  those  recommended 

Buildings    '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.y..       28  by   the   Forest   Products   Laboratory,    the   great   majority   of 

hiding  and  repairs  24  the  c0(jes   specify  stresses   verv   much  lower.     It  is  hard   to 

Id  *          *                                   ' 

Street  railway  repair   13  account  for  this.     Our  guess  is  that  local  committees,  when 

Cand?8    *t  engaged  in  drafting  their  building  regulations,  were  so  con- 

:•!  utrss-j    .                                                                              3  fused  try  the  distraciing  mass  of  mat.er  that  would  naturally 

iiusv  urs'                                                                             81  come  to  their  attention  at  such  a  time  that   they,   in  sheer 

biTinsr;  desperation,    reached   cut   and    grabbed    any    working   stress 

Picnics  nishts    4?  that  happened  to  pass  before  their  vision. 

Trips  to  other  chapters  These   values   might   have    been   hidden   away   somewhere 

Miscellaneous  suggestion's.  iu  ancient  treatises  on  strength  of  materials   or  have  been 

c'v  ■                                    '  (not  in  questionnai  stowed   away   within   the   confines   of   one   or  several   of   the 

Salesmanship — Business  for  engineers  -Mechanical  engineer-  ,.,        ,.       .    „      .,  .    .                               -             .            ;„„*;>,,»,„„    ;„ 

ing— Extemporaneous   talks   bi    m.      bei                       Inutes  handbooks'  which  have  come   to  be  such   an   institution   m 

each— Members  to  speak  at  noon  lunches.  America.      On    the    other    hand,    thev    may    have    trustingly 

Two  state  that  all  of  these  activities  are  desirable.  .    .    ..                 .„      ..            .     _    ..     , „__*_j__j    i„    »u_    „„j. 

"Meetings  should  start  on  time  "  copied   the   specifications   from   those  contained   in  the   code 

Trips  good  if  properly  organized  so  all  can  see  and  hear.  0f   a    neighboring   city    without    questioning   the   authenticity 

C™nstn.cdHn''manaKem™t.  estimating  and  costs.  of  those   provisions,   and   their   neighbor  years   before   prob- 

Talks  on  general  economic  conditions— analysis  of  engineer-  ably    proceeded    in    somewhat    similar    manner,    and    so    on 

Plants  manufacturing  construction  materials.  and  so  forth  until  the  origin  for  the  timber  working  stresses 

Sports.  became  shrouded  in  the  dim  and  somewhat  mythical  past. 
Bridge  whist  for  those  who  do  not   dance. 

Seattle  Chapter  now  has  some  :dea  as  to  what  kind  of  meet-  Stress    Allowances. — The    wide    variation    in    the    extreme 

ings  members  want.    What  kind  of  meetings  does  your  chap-  fiber  stresses  in  bending  is  most  strikingly  indicated  in  the 

ter  want? — Professional  Engineer.  two  following  tables: 

(107) 
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LOSSES   ai.i.lw  i;n  in   117   BUILDING 

I  .  r  stress. s         , Horliontal    shear   stresses. 

with                            with  With                No.    with 

EUuiKl 

-   lir.  dense....                                                                                                                      1800  •"                                                        750— SO 

ind                                                                                                                                     l' :iB0— 85 

*'•                      130U  «;                           66                        "0"     111 

87                      1500—  85                         i60 tn 

21  240  -80 

1  74                           150 «0 

17                       1800—  500  1111                             16                        400—70 

58                       1600  59                        350—70 

IS60  86                                                        500—50 

108  1200 

v                                                                                                                                   86                       1500  77                            411                        500—40 

-      .1  3SBJ6    .\i  i."\\  in  IN                                  CODES 
01        ilumi     ' 

'  mber.                                      with               No     with  N..    with                        with 

;  100 

und                                                                                                                            100  ig                          99                        ,,„,     

55                       I. nil—  80  47 

80  •!                         500— 150 

18                                   100  18 

50                       iimi.i— 100  74 

98                            19                       I  Mm— 820  15 
67                            60                                  760 

83                            34                        29                       1000—180 

108                       1000—750  •■                          108                        350—220 

U0I  37 

values  tor  Ni                           structural,  long  ,  K 


Practical  Effect  of  the  Variations.  To  illustrati  the  effect 
thai  such  stress  variations  have  upon  the  coat  of  building, 
ami  consequent^  upon  the  development  and  commercial 
growth  of  a  community,  suppose  we  follow    through   a   con 

■  cample  of  what  01  • 

Let  us  assume  that  we  are  supporting  a   forty-pound   live- 
load  on  timber  joists.     Let  us  also  assume  that  the  deflection 
maj   be  Ignored  In  this  particular  instance  and  thai 
eths  of  the  supporting  members  are  to  be  determined 
by   the   strength  and   not    by   tt  lists       We 

will  suppos.    '  8   I!        This,  then,  is   what 

happens  in  two  cities  (City  "A"  ami  Citj    "B"),  when 

"A"  in  the  provisions  of  their  building  code,  allows  a  work- 

ress    in   bending   of    1,600  b,   and 

City    "B"   allows    a    working  1,000    ibs. 

per  scjuare  inch  for  the  same  kind  and  quality   01 

The    enterprising  citizen    of   City    "A."    who    contemplates 

ship,  can  use  wooden  joists  two  inches  wide  and 

ten  inches  deep  I-    1  10")  spaced  sixteen  Inches  aparl      His 

neighbor  in   City   "H."    ii    he   us«s   the   game   size   joist,    must 

space  those  joists   ten   inches   apart    and    use    over    one-third 

more  material   than   he   would   be   required    to   use  if  he   built 

"A,"  or  he  may    space  his  Joists  sixteen   inches  apart, 

triend    in   City   "A"   did;    but    if  he   does    that    he 

will  have  to  use  joists  three  inches  wide  and  ten  inches  deep 

10")    or    two    inches    wide   and    fourteen    inches    deep 

l"). 

If  the  latter  he  would  use  40  per  cent   more  mat' rial  than 

was   required    to  support   the   same   load    in  Cil      "A,"   and   if 

the  former  50  per  .  .nt  more  material  would  have  to  be  used. 

Necessity  for  Quality   Specifications.     Th  tppear 

ing  in  on   building  codes  are  based  upon  inadequate  quality 
,t  ions,   some   codes   making    no   pretense   to  a   quality 
•   to  Bel   'low  n  a   few    Indefinite  defi 
i   by  the  enfoi 
ng  officer  must  decide  if  the  materials   u 

in   on  his   individual  judgment    rather 
than  on  Bclentifli   requirements,     lie  musl  b  definite 

which   10  base  hi 

ol   lit  igal  urn 

High  grade  lumbei  It  penalized  by  such  pri lure,  and 

of  tie-  lower  gradi     ol   lumber,   which   are   entirely   suitable 

■  in   building   construction,   are   not    alloi 

the    low    si  1 
which    predomin.it.-    in    our    building    Ci  lecause    th.' 

qualii  m   out      Th. 

structural  materia]   prt 
The  qnalitj 

•  •  of  the  product)    hut  we  know  whal 
lumber  of  varying  quality   will  i|    "1.     mo   I 

thing    for    ..'ir    .  II  ..tin/.'    lln 

ability  and    ; 

■•I     lo    do     full     jUStlc        to     the     t..  .1     ma 

wer  quality 


lumber.     Stresses  properlj      ipported   with  quality    spi 
lions  will  guarantei    thl  result   important   not  only 

e    manufacturer  ol    lumber,    but    to   the   user   as    well    lor 
.1   would   permit    him   t..   u  lumber  for  certain   pur- 

poses  where  it  can  I..-  Just         properly  used   as  the   better 
1  lumber  which  his  citj    regulations  require  him  to  use 
now       On  the  other  hand,   be   could   use  better  quality   lum- 
iii  iently  than  he     .m  under  the  present  system  of 
I  <  ess  values. 
It    frequently    happens    that    the    widely    known    table    of 
8    recommended    by    the    American    Railway    Engineer- 
ing Association  is  taken   bodily  and   incorporated   in  a   build- 
ing code   without  making   use  of  a   very  important  footnoti 
which  re., .Is  as  follow  s 

"For  buildings,  and  similar  structures,  in  which  the  timber 
is   protected   from  Hi.      vi  practically   free   from   im- 

pact, the  unit  stress.'...   mi  ised  fifty  (50)   per  cent." 

This  table  as  it  stands  contains  stress  values  recommended 
for  the  design  of  bridges  ami  other  structures   when'   I 
is  exposed   to   the   weather,   an.l   unless  the   stresses   are    in- 
creased as   provided   for  in    the   footnote,   th.'   values   are   en- 
tirely out  of  line  for  use  in  building  design. 


Some  Lessons  from  the  Burlington  Building  Fire 

The  April  issue  of  "Laboratories'  Data,"  a  publication  ol 
the  National  Board  of  Fire  Underwriters,  contains  the  following 

in   relative  :..  the  Bre    ■  h  1  b  gutted  the  upper  si 
of  the  Burlington  Building  in  Chicago  recently: 

'There  were  iwo  en .  'losi ',  1  stairways  in  the  Burlington 
Building  Both  hail  doors  wiih  wired  glass  panels  and  both 
had   transoms   with    lights  of   wired    glass  at    each    Horn 

round   floor.     The   win    glass    softened   and   partly    tell 
nut    ill    many    instances,    hut    in    uo    case    was    there    material 

image  within  the  shafts        \i,   officer  of  the   Fire   Di 
in.  nt    made   several    trips    up   aiel    down    the    mam 

While    the    lire    was    raging    on    ill.'    several    upper    lloors. 
Rule   13b   of   the    Regulations    Ol    the    National    Board    ..■ 

Underwriters    tor    the    Installation    of    Standpipe   and 
Systems    (Edition   ol    1917)    specifies    A    Btandplpe   tot 

ould   In-  located   within   fireproof  stairway    en 

in  •  •-      u  here  such  an-  available ' 

'The    standpipes    in    the    Burlington    Building    were    so    lo- 
lo    he    inaccessible    from    the   stairways;    in    la.' 

practical!}   In  the  burning  area,  on  each  Moor  froi 

:i       Had    National   Standard   standpipe  equip- 
ment i.e. 'ii  available  In  the  central  stairway  it   is  verj 
aide  thai   ihe   dr.    Department   could   have  confined  the  tire 

In    III.'    Clinton    Street    side    ol     111.      1 .  1 1  i  Id  i  Hi; . 

■The  lii.'  temperature  in  the   Burlington   Building   did   not 

exceed  an    iveragi  it  indeed  the  average  tern- 

li  bed    that    point       The    ruins    suggest    a    in.     "I 

everitj    not    greatly  exceeding   the  conditions  obtained   In  a 

one-hout   teal  following  the  Bl lard  time  temperature  curva 

employed  at  CJndervi  titet  lea." 
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Spray  Painting 


Requirements   for  Its   Successful    and   Economic 
Use* 
By  HAY  W.  TRIPP 
The  use  lit"  spray   painting  equipment   operated   by   means 
of  compressed  air,  although  ;i  comparatively  new  process  of 
applying  paints  ami   other  protective  coatings,   has  been  ex- 
tended  to  a  great  many  new  fields  during   the   last   year  or 
two       The    most   noteworthy   are    the    interior    decorating   of 
office   buildings,  institutions,  etc,  and  the   interior  as   well   as 
exterior  work  on  houses  and  buildings  of  all  descriptions. 

I'nusual  demands  placed  on  the  paint  industry  during  the 
recent  war  were  really  responsible  for  the  further  develop- 
ment of  the  firsf  paint  guns  or  air  brushes,  as  they  are  some- 
time* called,  which  were  used  on  large  surfaces,  such  as 
ships,  war  materials,  factory  interiors,  and  similar  work. 
Since  then,  of  course,  the  equipments,  operating  technic  and 
especially  the  paint  guns  have  been  improved  from  time  to 
time  until  today  the  outfits  are  perfected,  as  well  as  fool- 
proof. At  the  present  moment  the  most  exacting  finishing 
problems  are  solved  through  the  use  of  spraying  equipment. 
Painting  with  compressed  air  and  a  paint  gun  requires  no 
introduction  to  the  building  manager,  master  painter  or  gen- 
eral contractor  as  the  practice  is  now  widely  extended.  In 
this  age  of  mechanically  operated  tools  all  who  handle  paints, 
either  making,  buying  or  applying,  are  familiar  with  the 
operation  of  the  newest  and  most  radical  development  in 
the  science  of  painting — pneumatic  spraying  equipment,  and 
the  immense  saving  of  labor  through  the  use  of  the  paint 
gun  is  self-evident. 

Observations  and  experience  on  many  thousands  of  satis- 
factory installations  have  disclosed  interesting  facts  worth 
noting  at  this  time.  The  air  scheme  of  painting  enables  one 
operator  to  paint  more  square  feet  of  surface  than  six  or 
eight  painters  using  hand  brushes,  and  to  secure  finished 
surfaces  which  are  superior  to  those  painted  with  a  brush. 
Where  single  coat  work  is  desired  a  lighter  or  heavier  coat- 
ing can  be  obtained  than  is  possible  with  a  hand  brush.  In- 
accessible surfaces  that  are  difficult  to  reach  with  a  brush 
are  rapidly  painted,  as  the  paint  gun  may  be  quickly  mounted 
on  an  all  metal  sectional  extension  pole  whenever  the  oper- 
ator wishes  to  paint  a  surface  beyond  his  reach.  Ceilings 
and  walls  up  to  about  twelve  feet  in  height  may  be  painted 
without  staging  and  ladder  work;  the  use  of  scaffolding  or 
staging  is  reduced  at  least  50  per  cent  on  any  job.  Brush 
marks,  skimped  places  and  laps  are  entirely  eliminated  and 
the  covering  and  wearing  qualities  of  materials  are  increased. 
All  paints  are  sprayed  to  equal  advantage  at  the  same  con- 
sistency as  for  brush  work.  Material  containers  are  air 
tight,  which  prevents  the  formation  of  paint  skins,  and  makes 
it  impossibly  for  dirt  to  become  mixed   with   the   paint. 

The  next  point  to  be  considered  is  the  type  of  equipment 
required  for  work  such  as  the  building  manager  has  under 
his  control.  The  standard  equipment  recommended  and  used 
on  this  work  consists  of  a  portable  container  of  5  or  10 
gallon  capacity,  with  control  head  for  regulation  of  air  and 
paint  pressures,  this  head  containing  reducing  valves,  air 
and  paint  strainers,  pet  cocks  and  indicating  gauges,  a  paint 
gun  of  suitable  design,  with  two  guns  operated  from  one 
head,  if  desired,  an  all  metal  sectional  extension  pole,  and 
air  and  material  hose  in  lengths  to  meet  all  requirements. 
A  portable  compressor  outfit,  either  gas  engine  or  electric 
motor  driven,  with  air  storage  tank,  necessary  gauges  and 
safety  valves  will  complete  the  outfit. 

Realizing  that  there  are  certain  little  "touching  up  jobs" 
to  be  done  almost  daily  in  every  large  office  building,  one 
of  the  largest  manufacturers  of  spraying  devices  has  just  per- 
fected a  smaller  outfit  for  this  class  of  work.  This  small 
outfit  comprises  the  following:  a  paint  gun  attached  to  a 
one-pint  aluminum  container  by  means  of  quick  opening 
adjustable  clamps,  suitable  lengths  of  air  hose  and  a  small 
portable  electrically  driven  compressor.  The  compressor 
is  operated  by  such  a  small  motor  that  it  may  be  connected 
to  an  ordinary  lighting  socket,  making  painting  problems 
as  simple  as  cleaning  ones  are  through  the  use  of  the  vacuum 
cleaner. 

Of  course,  the  larger  outfit  mentioned  above  is  absolutely 
•From    Building    Management. 


necessary   wherever  large  quantities  of  work  are  to  be  done 

at  one  time.  The  ideal  installation  usually  calls  for  both 
outfits  as  the  building  manager  of  today  lias  more  than  one 
building  under  his  control  and  painting  is  a  continuous  per- 
formance from  the  beginning  to  the  ending  or  each   year 

Catechism  for   Paint   Users.— Anticipating  questions   which 
will   arise   in   the   reader's  mind,  these   questions   and   answers 
have   been   arranged: 
What  is  the  loss  of  paint,  using  spray  method? 
None,  if  handled  according  to  operating  Instructions 
What   is  the  covering  capacity  of  the  spray  on  large  build- 
ings? 

.Minimum.  4,000  to  5,000  sq.  ft.  per  8  hour  day;  miximum, 
on  large  surfaces,  10,000  sq.  ft.  per  8  hour  day. 

Can  sash  and  small  trim  be  painted  by  this  method  and  is 
it  advocated? 

By  using  a  line  board  such  work  may  be  done,  but  not 
to  advantage.  One  man  with  a  gun  on  the  main  body  of 
the  building  will  keep  two  men  busy  with  brushes  on  the 
sash  and  trim. 

Can  the  woodwork  in  an  office  be  coated? 
Yes,  by  using  a  line  board  and  masking  glass  often  found 
in  partitions. 

How    much   air   pressure    is   necessary   to   operate   gun   at 
maximum   capacity? 
For  average  work,  50  to  55  lbs.  pressure. 
Can  the  spray  be  regulated? 

Yes,   it   is   possible  to  secure   a  round   conical   spray  or  a 
broad   fishtail   spray,   and   thickness   of   paint   film   may   also 
be   easily  regulated. 
What  is  the  width  of  the  spray? 

It  corresponds  to  an  8  or  10  in.  brush  when  the  gun  is 
held  6  in.  from  surface  to  be  coated. 

How  is  it  possible  to  handle  different  paints  with  the  same 
equipment? 

By  means  of  different  air  and  material  pressure,  as  well 
as  adjustment  of  material  control  on  gun. 

How  are  cold  water  paints,  bronze  solutions  and  heavy  lead 
paints  kept  in  suspension? 

An  air-operated  agitating  attachment  is  furnished  for  this 
purpose. 

Will   the   spray  gun   clog? 

No,  if  material  is  properly  strained  and   the  gun   cleaned 
after  each  day's  work. 
Is  it  possible  to  do  outside  painting  on  a  windy  day? 
Yes,  by  holding  the  gun  somewhat  closer  to  the  work. 
Is  the  use  of  pneumatic  painting  equipment  advocated   by 
paint  manufacturers? 

Yes,  resolutions  favoring  the  use  of  spray  painting  ma- 
chines were  adopted  by  the  Paint  Manufacturers'  Associ- 
ation of  the  United  States  and  approved  bv  the  board  of 
directors  of  the  National  Varnish  Manufacturers'  Associ- 
ation. 

Another  question  often  asked   is  the   following: 
How  has  this  method  been  received  by  the  master  painter 
the  manager  and   the  journeyman  painter? 

The  master  painter  has  been  impressed  with  the  fact  that 
the  spray  method  of  painting  practically  creates  a  new  field 
for  him.  and  another  excellent  reason  is  that  it  increases 
his  volume  of  work,  which  means  greater  profits.  The  man- 
ager or  owner  welcomes  the  spray  method,  as  it  enables 
him  to  paint  at  a  resonable  price,  making  his  offices  and 
buildings  more  desirable,  whereas  if  the  work  had  been 
figured  on  brush  costs,  the  price  would  be  prohibitive.  The 
journeyman  painter  favors  the  equipment  because  his  occu- 
pation has  been  made  much  less  laborious  than  with  brush 
work. 

There  is  no  doubt  that  many  million  dollars'  worth  of 
building  failed  to  receive  the  customary  coats  of  paint  during 
the  recent  era  of  high  prices  of  materials  and  labor.  Much 
of  this  neglected  work  now  demands  immediate  attention 
if  the  property  is  to  be  saved.  New  building,  which  we  are 
sorely  in  need  of,  will  soon  be  demanding  its  share  of  pro- 
tective coatings.  The  field  for  this  invaluable  aid  to  mod- 
ern  building  is   surely  extensive. 

Pneumatic  painting  equipment  has  proved  its  value  be- 
yond a  doubt  and  has  earned  a  permanent  place  in  up-to- 
date  business  practice.  It  is  one  of  the  most  important 
agencies  through  which  the  wise  and  comprehending  em- 
ployer makes  his  employe's  job  a  pleasant  and  healthful  one, 
at   the  same  time  securing  more  and   better  work. 
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Unemployment — Normal  and   Excep- 
tional—  Its    Extent,    Causes 
and  Remedies 

The  volume  ot  unemployment  In  • 
m  w;irr;int  concerted  effort  < >n  thi    i  econom 

business  men  to  n 

Issued  Jan    is  by  the  National  Industrial  Conference 
10  l  treet.Ni 

titled  "The  Unemployment  Problem,"  mal  bul  com 

'.•nt    ol    unemployment    during 
norma]  ad  during  the  present  business  depi 

....  in.  b  have 

.     '..1  tor  a.    The  object  ol  the  studj   made  by  the 

Board   is  to  Bet   forth  certain   fundamental   prin- 

1..  be  taken  Into  account  In  considering  the  problem, 

■  i  from  analysis  of  the  existing  perience,  and 

from   basic  i  rations,   In   order  to   furnish   a 

by  which  Individual  emp 
official   bodies   may  approach   their   unemployment  problems 
more  successfully. 

The  report  makes  a  careful  distim  Dess  and 

unemployment,  which  refer  to  verj   different   condition     and 
in  causes.     Idleness,  it  says,  proceeds  from 
principal  Bources:   Unwillingness  to  work  on  the  part 
of   those   who   are   capab  ormlng    work;    disability, 

physical  or  mental,  of  otherwise  willing  workers;   and   lastly, 
unenip  Me  and  willing  to  w-ork, 

but   cannot   find  work  because  of  industrial  maladjustments 
within  the  plant  or  industry,  or  because  of  general  economic 
conditions   at   home   or   abroad.     Idleness   of   the   first   type, 
port    says,   is   not   properly   a    i  industry,   but 

tially  a  concern  of  society.  Idleness  due  to  sickness 
or  disability  of  any  kind  is  only  in  part  an  industrial  prob- 
lem, and  is  more  especially  a  matter  of  community  concern. 
The  amount  of  sickness  may  be  lessened  by  better  public 
health  service,  clean  streets,  pure  water,  clean  milk  and 
better  housing,  all  of  which  are  mainly  the  responsibility  ot 
the  community;  by  personal  attention  to  health  and  living 
conditions  on  the  part  of  employees;  and  by  more  attention 
to  health  service  and   pi  lion  by  the  employer. 

The  causes  of  unemployment,  in  the  proper  sense  of  the 
term,  fall  into  two  main  classes,  described  in  the  report  as 
follows: 

I.  Internal  causes  arising  from  conditions  within  individual 
manufacturing  plants.     These  embrace: 

a.  P  ctors    Buch    as    strikeB    and    lockouts,    and 

bllity ; 

b.  Impersonal    factors    relating   either   to    failures   of   man- 

•  nt,  resulting  in  faulty  factory  organization,  to 
high  production  costs  within  the  control  of  manage- 
ment, ineffective  sales  methods,  lack  of  materials  and 
equipment,   high    I  er,   or   to   failure   of  em- 

cy,  or  to  the  displacement 

of   hand    labor   by    mm  I  til 
In  the  aggregate  these  causes  produce  a  more  or  less  con- 
tinuous percentage  of  unemployment    from  month  to  month 
and   from  year  to  year. 

I  Eternal  causes  due  to  Influences  operating  outside  of 
the  plant.     These  are: 

lomlc  origin,  resulting  from  seasonal  variations, 
business   depressions,  wasteful   systems   of   commodity 

i.nt   labor-pl  Uities; 

0     political  origin,  due  to  Immigration  and   tariff  pol- 
nd   International  relatioi 
frequent    temporary    unemployment    arl  Ing    from    condi- 
tion tie-  plant  and  recurring  mm.   unemployment  due 
lo  int!  of   principal 

temporal       cut<    unemployment  Buch  as 
thquakes  and  mi  ■ 

usually 
•  b  differ  In  i  ach 

internal  or  external  to  the  Industry 
or  plat  -  to  the  n  i >■  -r t .  produi  •    a     Ituat  Ion  that  is 

timi 
but  In  normal  period!  as  well. 


It   i     estimated  that   In   1920,  the  total  number  of  persons 

Bed    in    gainful   occupations    in    the    United    states,   was 

about  11,000,000,    Most  ol  I  employment  statistics 

pertain  to  wage-earners  I  ip    of  manufacturing  and 

ehanlcal  Industries,  which   numbered,  in  1920,  about    L2, 

800,000.     During   normal   timi  I     i    timated    that    about 

1  '00,1  work,    since   on   the   average, 

about    12  days  per  year,  oi    iboul    U   per  cent  of  hi 
working  time,  I    lo  I   I industrial  wage-earner,     'bout 

Beven   days   of   this   lost    time  due    to    sickness.      Ded 

this,  the  total  loss  caused   b  unemployment  of  the  average 

wage-earner  in   the   Unitei  about   36  days  a  year. 

This  does  not    Include  part  nine  employmi 

which  no  reliable  limn.  had,    The  average  of  35 

dot  -   not   applj    to   ■  ndm  try,   for  the   woi  I  - 
manj    industries  are  subject  longer  periods  ol   unemploy- 
ment, while  in  othei     tl  low     The  building  tj-ades 
and  the  clothing  tradi  tivelj    high  percentages  of 
unemploj  tnenl  ;    tl  ■  es   a    relatively    to 

■  ver,  that  the  unemployment 

situation  at   the  tn i   I  eparation  of  the   report    was 

m.    it  estimates  that  over 

one-quarter  ol  the  industrial  age-earners  were  out  of  work 

I,    1921,    repn  estimated   total    of   3,600, 

"US. 

from  its  survey  of  <  il   Hi ploj  mi  nt,  the  report 

concludes  that 

"Unemployment    I  I    an    occasional    or   accidental 

condition  to  be  met  by  cha  itable  or  philanthropic  relief,  but 

utinuing   condition,   at    times    becoming    acute,      its    im 

s.  in  part,  an   industrial  problem   of  the   Oral 

nitude.     It   concerns  so  |ar|  number  of  industrial   workers 

and   is  so  vital  to  industn    through  its  effect  on   the  buying 

of   communities,    as    well    as    for    many    other    re. 

that  it  merits  the  united  efforts  ol  employers,  employees  and 

the    public    toward     understanding    its    causes    and     dt 

methods  for  its  reducl  loi 

Outlining  rem.  lies  that  have  been  suggested  and  are 
used  to  combat  unemployment,  the  report  says  that  many 
concerns  are  inventing  means  to  better  arrangements  within 
their  plants  affecting  th<  •  ,  i  of  unemployment  due  i 
sonal  and  impersonal  factors  within  the  establishment.  Bettei 
methods  and  more  thorough  organization  to  reduce  friction 
and  develop  industrial  co-operation  between  employees  and 
employers  are  being  teste,!  In  many  industries.  Prom  these 
experiments  there  may  result  principles  and  forms  of  organi- 
zation such  as  works  corneals,  shop  committei  ,  etc.,  which 
will  call  out  of  employers  and  employees  the  co-operation 
necessary  in  the  present  system  of  production.  Management 
should  make  and  is  making  efforts  to  bring  close  co-ordina- 
tion within  plants  and  Industries,  between  establishments  and 
localities,  and  within   tin     I  These   eft,, its  aim   to  pro- 

vide  greater   regularity    in    the    supply    of    raw    materials,    to 

standardize  products,  i,. thi    activities' of  sales  and 

production    departments    and    to    reduce    labor    turnover.      It 
may   be  extended   to  encourage   diversity   of  local   Indu 
to  centralize  local  labor  markeis.  to  dovetail  employment  and 
develop    systems    of   transfer    and    promotion. 

In  order  that  the  econom:.  systems  among  modern  people 
may  function  with  greatl  I  I  adiness,  this  process  of  co- 
ordination must  be  extended  between  nations  and  apply  not 
only   to   the   produi  t  to   the    functioning  of 

middlemen,  financiers,  etc. 

In  attempting  to  remedy    the  ...uses  of  unemployment   due 

io    influences    operating    out    ide    the    plan,    the    report    points 

out,  there  is  need  for  a    :  -..    i,,„,   ,,,   collecting 

and   disseminating  Information    showing   the    trend   of   prices, 

LCtUal    cost    Of   Opi  ml     revenues    from    industry. 

Such    a    system    will   aft.  ;,     basis   of   comparison 

within  plants  at  ilm  .,,,1  between  Individual  p 

in  the  industry  as  a  whole.     'I  ,,  ,„•  8Ucn  methods 

to   all   industries    will    provide   a    kind   of   clinical    therm., 
of    industry,   which    will   afford    a    more    trustworthy    guide    lor 

In    the   industn. il    s\siem. 

The  more  the  future  Bltuation  can  I  report 

emphai  Izes,   the  more  will   ii    I  to  establish 

"hnl     over     normal     production,     distribution     and     MM 
sumption    and    over    the    fluctuations    from    prosperity    U 

[on. 
Other    means    of   approaching    the    problem    of   unemploj 
arising   from   external    Influences    Include   the  brlnglnn 
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about  of  greater  co-ordination  between  transportation  and 
other  forms  of  industry:  arrangements  to  keep  up  the  maxi- 
mum flow  ot  foreign  trade;  and  means  tor  centralizing  the 
labor  market  and  distributing  more  elliciontlt  t he  available 
labor  supply. 

Lacking  effective  preventive  measures  such  at  the  e,  the 
principle  ol  Insurance  may  be  applied  tor  protection  against 
the  risks  of  unemployment,  but  the  report  says  it  would  be 
advisable  to  eliminate  the  cause  of  unemployment  and  re 
duce  the  risk  to  a  minimum  before  attempting  to  use  such  a 
remedy. 

ihe    report    considers    also    certaii  measures 

which    may    be    used    to    Start    the    industrial    system    on    the 
upward   roar  to  prosperity,   such   as   pan  time    work   tor  shifts 
ol   workers   within   the   plant    and    the    undertaking    of   con- 
struction   «ork   and   repairs    within    the    plant,     other   enter- 
measures  ol  value  are:   Reduction  in  prices  ol   present 
Stock  of  goods   held   by    middlemen;    revival    ol    the    building 
industry;    the  undertaking  of  public  construction    work,  etc. 
The  report   emphasizes  Anally  the  importance  of  formulat- 
ing   wise    political    policies    in    connection    with    immigration. 
fiscal     procedure,    tariff    and    international    relations,    all    of 
which    have   an    important   effect    upon    general    employment 
ions   in   industry. 


Junior  Engineer  Examination 

The    i  nited    states   Civil    Service    Commission    announces 

C petitive  examinations  for  the   position   ol  junior   engineer, 

to  be  given  on  .May  24,  July  5  ami  Aug.  2::  at  various  places 

in    all    the    states.      Salaries    range    from    $1,200    to    $1,500    per 

except  under  special  circumstances,  when  they  may  be 
ell  her  higher  or  lower. 

The  subjects  Ol  the  examination  are:  General  physics; 
mathematics,  through  calculus;  education,  training  and  ex- 
perience; practical  questions  on  one  of  the  following  optional 
subjects:  electrical  engineering,  mechanical  engineering, 
civil  engineering,  chemical  engineering,  ceramic  engineering, 
radio  engineering,  engineering  and  material!  Full  informa- 
tion will  be  furnished  by  the  Civil  Service  Commission  upon 


Heating  and  Ventilating  Engineers  to  Meet 

The  American  Society  of  Healing  and  Ventilating  Kngineers 
will  hold  its  national  convention  .it  Detroit  on  June  8,  9  and  10. 
Headquarters  will  be  at  Hotel  Wolverine.  A  preliminary,  or 
"First  Section"  of  the  summer  meeting  will  be  held  at 
Buffalo  on  June  6  and  7.  Arrangements  providing  for  those 
in  attendance  to  leave  for  Detroit  by  boat  at  6  p.  m.,  June  7. 


Construction  Material  Prices  in  46  Cities 

The  following  table  from  the  Index  of  the  Associated  Qen 
eral  Contractors  shows  the  average  prices  paid  by  contrac- 
tors in  .March.  1922,  for  various  classes  of  construction  mate- 
rials. The  figures  from  the  V.  s.  Division  i>i  Building  and 
Housing  of  the  Bureau  of  Standards  show  the  prices  paid 
in   16  cities: 


CITY 


Lumber  Treatment  in  1921.— Over  2,400,000,000  board  feet 
of  limber  for  various  purposes  were  pressure  treated  in  1921 
by  the  122  wood  preserving  plants  in  operation  throughout 
the  United  States,  thereby  surpassing  the  1920  record  by 
nearly  17  per  cent.  Approximately  equal  amounts  were 
treated  with  coal-tar  creosote  and  with  zinc  chloride,  the 
standard  wood  preservatives. 
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A  New   Reinforcing  Bar 

The  deformed  bar,  a  short  ■"11  '■  Illustrated 

ith,  is  the  recent  Invention  ol  Unong 

the  various  advantages  claimed  tor  tl  Bret  '■-  that 

the  metal  is  distributed  as  tai         i  '     '  '   •    neutral 

a\is     Other  advantages  are  that  It  is  entirely  tree  from  sharp 


corners,  all  faces  being  either  concave  or  convex;  thai  it 
provides  a  maximum  of  bond  tor  a  given  weight  ot  metal; 
that  its  design  prevents  the  formation  ol  air  pockets  against 

it;  and  that  it  is  adapted  to  any  class  of  work  in  which  loose 
rod  systems  are  u 


A  Simple  Compass  Stiffener 
.    draftsman  knows  how  hard  II   is  to  use  a   compass 

in  tie  manner  shown,  without  its  spreading  and  altering 
Ijustment  BO  thai  the  circle  or  arc  being  drawn  will 
not  be  of  the  radius  to  which  it  was  set.  The  drawing  shows 
an  easily  made  clamp  and  stiffening  bar  that  can  be  used  on 
the  compass  to  hold  it  firmly  in  the  position  to  which  it  is 


SECTION  THROUGH  AB 


The   New  American  Architecture.      Simplicity   and  truth  are 

two  outstanding   features  In  the  national   type  of  American 
architecture  which  is  note  loping  under  the  urge  of 

commercial  and  civic  growth      ["here  Is  little  ornament  and 
not   much  attention   to  tin-  ornate   In    this   type   of  building. 

Tl modern   American  structures  are  just    what  they  seem 

to   be.     They  are   imposing   and    impressive.— The   Architect 
and    Kngineer. 


Personals 

w.   C.   Earie.  formerl  ha  ipi ited  cltj 

engineer  ana  superintend*  m  Pasadena,  Calll 

R.   G.  Humphreys   I  Ol    J     F     Nebergall   &   Son 

and  is  now   superintend  eon  tructlon  in   Davenport,   la 

A.    H.   Monroe,  asslstan  i,   Calif.,   has 

i  i  thai   position  and  ■  an  otter  from  the  City  of  Los 

Angeles. 

John   A.  Vogelson,  sine,     in  in  tl       Bureau   ol    Health   ol 

J  of  Survej  ■   in   the  same 
,  Its   -a  Man  li   i.i 

Charles    Evan    Fowler,    consul  ol     Men     fork    and 

lvtmit,    was   mail.-   an    h,ui<  member   "i    Gamma    Chapter  of 

Beta  PI  al  the  I  n  •■••  Michigan  on  May  6,  1982. 

John  H.  Mahony.  lot  '         construction  for  the  Build- 

ing Department    il  thi    Cil  ear,  has  been 

n. i  med  building  mil  sloni 

j.  A.  Mortland,  for  the  i  years  bridge  engineer  with  the 

Stati    Road  Depari  ■     •■    Igned  ins  position,  ell 

Vlaj    i      i  te  \* ill  open  an  oi  consulting  eni 

I  Us  elans  are  nol  i  si  comi 

The  Benham  Engineering  Co.  oi  Kansas  Clt>  baa  been  retained 
by  the  City  Council  of  Cameroi  Mo.,  to  investigate  and  report  on 
ewage  disposal  plants,  whlcl  liave  been  thi  iourci  of  much  com- 
plalnt,  ami  which  II   is  it. i   nd  d  to  correct 

John  G.  Hlrsch,  formerh  supervising  engineer  for  Lockwood, 
Greene  &   Co.,  engineei  o,   and   Stone   &   Webster,   Boston! 

i in.    .1     .  Benham  Engineering  Co.,  consult- 

ing  snglneers,   Kansas  Citj      Mo.,   as   principal  assistant   engineer. 
Carl    G.    Schluederberg    '•!    the    Westlnghouse    Electric    .*.-    Manu- 

i    pn    idenl    of    the    Ami  i  li  aa 

Electro-Chem!   tl    Soi   i  election    having    taken    place    whils 

he  was  en  nun,'  to  tl"    t  nlled  States  from  South  America 
oi    i  conditions 

Archibald    S.    Downey    was    elected    president    of   the    Norl 

I    i  lontractors    Of    America    at    Hi 

entlon    held   lr    Portlat        Ore.,   on    .March    10-11.    Mr.   Downs] 
i  en   located   In   Seati  l<     u  ash  .   since   1899,   and   Blni  • 
has  been  a  pai  of  A    W.  Qulsl   &  Co.,  with  offices 

in  i in-  ii. 

Clarence   w.   Hedson.   suiting  engineer   of   Montclalr,    N.   .).. 

has  been  selected   bj    thi    N<  w    Jersey  State  Blghway  C n 

consulting   and    di  ngineer    for   the    proposed    Etarltan 

River  bridge  between   Pertl     \    iboj   and  South   Amboy.     n 

mated  the  span  will  cost   more  than  M. 1.000      The  engineer's  fee 

ia  in  bi    >  prici 

Prof.  Harry  Sternfeld.  acting  head  Ol  the  Department  of  Archi- 
tecture. Carnegie  Insl  hnology,  Pittsburgh,  recently  re- 
ceived a  medal  and  dlpl.                rded   bj    the   Pan-American   Con 

of  Ari  hitects  thai    in.  hfonte^  Ideo,   I  Iruguas      Thi 

was   made   In   recognltloi  work   don,-   by    Mt     Sternfeld    in   the 

h 
James  Chillman,  Jr.,  been   appoint.!    i    -     cm 

irchltectural   design  •     institute   of   Technology,    Pitts- 

burgh.    Mr.  Chillman   for  thi    past    three   years  has  been  studying 
i    1 1,,     \m.  i  |i  Rome  as  the  h' 

ivize    i    ii    ■  luate   of   the    University   of   Penn- 

hi.i,  in  the  'lass  of  i  'ii      Poi   some  time  he  was  an  Instructor 
i  -ni\  ersll  y  of  1  d  several  yeai      was  In- 

structor in  architectun  Insl  Houston,  Tex. 

Henry  Sylvester  Jacobv.  Cot 

nell  University  for  more  I  i  ars,  is  to  retire  from 

ling  in  .hue-  and  to  bei  o ritu        Tho 

h.  his 

nig   the 

,  in ■■   folio*  ■  '"ii   ir""i    Lehl 

in  I  ^77.  he  v.  as  i  .in  Pennsj  l> 

Tennes 

the  United  States    Vn  it  tour 

\  'Mrs    is    Instructor    at   T..  niversltj     Immi  dial  i  I) 

■     In 
rnell,   at 
larly  by  those  uppei   cl  bav<    been  working  directly  un- 

ion. 


STANDARD  BICYCLE.  SPOKE. 
Details  of   Stlffer.er. 
|l  ,|        A    bit  |  ""    ,'1"1 

mi  d  to  BI   around  the    ere*   a     ihown      A 

,  ,i    clamp,    and    thi  ''I    from    an 

.1  to  complete  the  attachment     A 
dialled  In  one  angle  ol  the  clamp,  through  which  the 

ii    other 
side  for  the  accommodal  nd  nut.    The 

and    clamp 
are  apple. I  thi    hook   applied   over  one 

.   bicycli   spoke  I        i 

side  of  the  compass  log  and  the  clamp  against  n ■  . 

side. — Clare  It   Bn  111.,  In  Popular  Median 
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Obituaries 


William  C.  Foote.  i      net  d  builder  of  Provo,  ftalJ 

[aj    ii  aft<  r  a  long   I 
Nat  A.  Kent,  w.  id  Gravel  Co.,  of  N«S| 

tent  In  the  dls« 

Frederick    D.    Dow.  He    l'"W    '   ompany.    Inc..   rooOgM 

os  haffV 

p    M    Connolly,'i'  '  Ul       ■l"'1   M'lv    '  ■  — 1 

v  .  ii  known  In  municipal  clrcl. 

John  Cochrane,  well-known  I. nil. ling   contractor  of   Ma. II-,  ■ 

lM,l, noils     In. I  .   died    In  en    May    i>>    at    the  age  or 

■'"       Ml 

"'  George    Marlon    Howe,   one   of    the   Lading    melallu; 
Pnlted  States    and  for  man>    -  •  ai      pr.  f. 

,,,     i. 

■even  years,  died  b1  his  hi 
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Political  Interference  with  New  South 
Wales  Railways 

Editorial    in    The    Commonwealth    Eneinet-r.    Sidney,     New    South 
Wales,  April  1.   1922 

Pandering  to  the  demands  of  labor  and  other  brands  of 
extremists,  t  he  N.  S.  W.  premier,  Mr.  J.  Dooley.  during  the 
course  of  the  state  election  campaign,  announced  that  the 
policy  of  the  labor  party,  if  returned  to  parliament  with  a 
majority,  would  be  to  replace  the  present  railway  commis- 
sioners by  the  appointment  of  other  commissioners,  includ- 
ing a  direct  representative  elected  by  the  employees.  The 
intention  was  also  announced  of  amending  present  legisla- 
tion in  the  direction  of  giving  the  government  more  authority 
in  the  administration  of  the  state  railways  and  tramways. 
One  of  the  chief  reasons  given  for  the  contemplated  change 
in  personnel  of  the  commission  is  that  business  men  are 
required  to  place  the  state  railway  system  in  a  position  to 
reduce  fares  and  freights,  also  that  the  cabinet  should  have 
power  in  the  direction  of  vetoing  any  contemplated  increases. 
The  muddled  reasoning  which  inspired  these  crude  ideas  is 
apparent  when  it  is  remembered  how  this  same  government 
recently  put  through  parliament  a  44  hours'  act,  which  ap- 
plied to  the  state  railways  as  well  as  other  industries,  an 
act  which  at  once  increased  operating  costs  without  any 
tangible  return.  In  another  column  we  publish  a  summary 
of  an  independent  auditors'  report  just  published,  reviewing 
the  financial  results  of  the  state  railways  system.  Apart 
from  the  fact  that  this  does  not  disclose  any  want  of  com- 
mercial acumen  on  the  part  of  the  present  commissioners, 
it  shows  that,  high  wages  and  short  hours  govern  the  ruling 
charges,  and  if  they  are  unduly  high  the  commissioners  can- 
not be  held  blameworthy.  In  this  connection,  the  present 
average  weekly  wage  in  the  service,  namely,  £4/18/6  per 
week,  is  higher  than  that  prevailing  in  any  of  the  other 
states,  whilst  the  average  number  of  hours  work  per  week,  43.83, 
is  the  lowest.  In  spite  of  these  factors,  however,  the  system 
was  shown   to  compare   favorably  in   the  matter  of  charges 


with  those  of  other  countries.  There  is  no  proof,  therefore, 
that  the  proposed  alterations  in  the  commission  would  allow 
of  cheaper  fares  and  freights;  on  the  other  hand,  there  would, 
more  likely,  be  higher  charges,  or  more  taxation  on  the  tax- 
payers. It  is  interesting  to  record  that  the  chief  commis- 
sioner, who  by  his  duly  constituted  position,  exerts  a  con- 
trolling influence  on  the  commission,  is  an  engineer  of  high 
qualification  and  railway  experience,  whilst  the  third  member 
was  at  one  a  time  a  politician,  a  member  of  a  former  labor 
movement,  whose  appointment  at  the  time  was  sought  to 
be  justified  on  the  grounds  that  harmonious  relations  with 
the  rank  and  file  of  the  staff  would  be  strengthened.  That 
this  latter  claim  had  no  justification  was  demonstrated  by  the 
subsequent  strike  in  1917.  This  should  indicate  the  futility 
of  another  similar  appointment,  for  the  same  ostensible  pur- 
pose.   Only  last  month  the  government,  whilst  a  general  elec- 


To  Our  Subscribers: 

Owing  to  our  increased  business  and  circulation,  our 
circulation  department  has  found  it  advisable  to  install 
an  entire  new  addressing  and  mailing  system,  operated 
upon  the  most  modern  methods  and  with  the  latest 
and  most  efficient  mechanical  equipment  to  be  had. 

This  change  of  system,  which  has  been  under  way 
for  some  six  weeks  and  is  now  almost  completed,  in- 
volves more  labor  and  more  difficulties  than  are  prob- 
ably realized  by  most  readers  unfamiliar  with  such 
matters;  and  during  its  progress  there  are  inevitable 
errors  and  delays  in  correspondence,  changes  of  ad- 
dress, new  orders,  etc. 

With  any   of  these   annoyances   by   which   you   may 

have  been  affected  we  ask  you  to  be   patient;   but  at 

the  same  time  kindly  to  inform  us  of  any  errors  which 

you  wish  rectified  or  of  any  continuance  of  such  errors. 
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tion  was  in  ;  i  .'lit  nf  us  v.  .1-.   to  make  one  of  these 

political  appointu.'  harbor  tru 

mission,  a  gentleman  whose  main  claim  I  apart 

from  I 
tary  to  the  coal  lumpers'  union:    The  n<  ■    appointment 

l  rule  to  the 

railways,  when  the  Bole  object  ol  I  Inted  would 

demandi  not  "t  thi  ployee 

lint   ol    '  '    and  union   .:■  One   With 

ould   in  all   i''  •  i    the  nomination 

unions  to  the  coveted   position,  the  Inevitable  clash 

with  i  n   rails ay   finance 

and  traffic  management,  would  Burpa  -  Gilbert  and  Sullivan, 

The    serious    and    I  ICh    B    prOPO 

which   is   caused   by   th  n    alone,  and 

t  events  will  i  ■  ■  rrj  Ing  out 

The  plain  tact   remains  that  the  efficient 
control   and   administration   ol   raiiv. 

indertaktngs,   require  that   those  who  are   responsible 
should  rs  o!  Bound  training  and  exten  ive  experi 

l  and  administratis 
ii  Jtion.    The  Bo-called  harmonious  rela- 

■  1th  the  staff  do  not  constitute  a  problem  that  m 
the   appointment   of  a   <  for   tiiis 

3uch   relations   are   bound   up   with   conditions   of 

work  and  rates  of  pay,  which  are  matters  decided  by  wages 

,■  bitration  ci  ition  of  the 

■  Hi  place  the  engineer  occupies  In  the  requirements  of 

even  polltl 
i-   in  which  we  direct   attention  can  only 
i  as  "political  soil"  to  sections  ol  the  electors. 


The  Government  and  Inventors 

il  In  Engineering.  London. 
That  a  shoemaker's  children  are  aye  illshod  is  a  familiar 
proverb,  and  thus  it  is  perhaps  not  a  matter  for  surprise  that 
the  report  of  the  interdepartmental  committee  appointed   to 
consider  tbe  question  of  awards  to  inventors,  in  Government 
service,    shows    a    singular   lack   of    scientific    method.     The 
committee  apparently  set  themselves  to  collect  opinions  and 
not  to  ascertain  facts.     In  Germany,  in  America  and  at  Shef- 
field, manufacturers  have  established  and  operated  research 
departments,  with  striking  success.     A  committee  which  be- 
lieved  in  scientific  procedure,  would  assuredly  have  deemed 
it  a   matter  of  first    Importance   to  ascertain  what   methods 
of  remunerating   the   workers   had   been   found   advisable   in 
these   cases.     No   trace   of  such   an    Investigation   is   to   be 
found  in  the  report,  and  the  committee  evidently  share  the 
predilection  of  the  politician  and  lawyer  for  deductions  based 
on   plausible  a   priori   hypotheses.     Inventors  in  Government 
•    fall  into  two  classes.     In  certain  cases  men  are  ap- 
?ate  a  definite  problem,  and  given  adequate 
equipment   and   fair  intelligence,  they   can   hardly   fail   to  ar- 
n    alts.    A  typical  example  is  afforded  by  the 
irried  out  at  the  National  Physical  Labora- 
tory.    In  such  circumstances  there  is  nothing  inequltal 
the  v..  r  has  no  property  rights  in  his 

which    may    quite    fairly    be   vested    in   whoever 
has  pi'  I  j  which  he  achieved  them.    Similar- 

ly, if  Hughes  had  decided  to  patent  the  microphone,  and  to 
I     In-  would  obviously  have  been  fairly 
ments  effected  by  the  staff  engaged 
for  this  latter  purpose. 

lulty   are.   however, 

Involved,  .aid   it    i  possibly   in-   profitable  to   grant 

D  BUCh   work   more  than  their  legal  rights. 

■hi-  that  tie  hould  have 

DO  have  suc- 

the  only 

report  is  that  the  Government 

the    Tost    ii"  in  rally    re- 

rights  in  lai 
made  by  memberi  Its.  The  Inventions  thus  claimed, 

it  will  .  red  in  rese 

11  i.-ntly 
Inequitable  in  the  contention  that  the  in  itinera- 

tion Is  fully  covered  by  b 

go  much  further,  and     ay  thai  illy  engaged 

•  Ither  in  the 
course  of   thi  Knowledge" 


thus  gained,  "obviously  the  Government  has  certain  rights 
in  the  invention."  Dnfortunatelj  t lie  justice  of  this  conten- 
tlon  is  very  far  from  "obvious."  as  Is  very  clearly  seen  from 
the  following  case  which  actually  occurred.  Many  years  ago 
a  driver  employed  by  a  leading  linn  of  steam  roller  builders 
devised  a  road  scariiier.  His  employers  told  him  to  go  ahead 
■  II  and  they  would  make  it  under  license.  First 
and  last  they  paid  out  to  him  and  his  heirs  over  £20,000.  Now 
btedly  In  this  Instance,  carifler  would 

never  for  tlle  knowledge 

ami  experience  he  had  gained    a  the  course  of  his  employ- 
ment, but  ii  i    bj  no  means  ous"  that  this  circumstance 
lis  employers  elthi  "!   a  legal  right  to  the 
Invention.    In  anoth  Bring  assistant  em- 
by  a  large  water.'.                          devised  a  new  form 
pump      Here                  ie   pump   was  the  direct 
o income  of  knowled                            the   inventor's  employment, 
but  the  waterwork  '"  to  the  invention, 
oieover.  wh(                                  eer  proposed  to  use  the 
pump  on  condition  that  his  a     Istant  forewent  ins  royalties. 
the   directors  cancelled   this   c  nditlon   and    thought   it   fair 
bey  should  pay  the                   •    '"■    '   f1        Inr  lne  im- 
that    certain    firms    follow 
a  different   policy  to  that   lllu  I     ted  in  the  above  examples, 
is  to  be  doubted   whether  they   really   benefit   by  it. 
,,.  i,e. .led  hi                           iff  •'*  partners,  and  asserted 
that  he  found  the  procedure  highly  profitable. 

As  mentioned  in  the  report,  the  contrary  policy  has  been 
pur  ued  generally  by  Governi  I  departments  In  the  past. 
and  with  unconscious  humor  the  committee  observe  that  the 
actual  number  of  men  wl  aventions  in  Government 

been  comparatively    small.     They   do   not,   how- 
ever, seem  to  see  any  connection  between  this  unfortunate 
ind  the  departmental  r    illations,  which  in  their  essen- 
tials are  to  be  retained  and  extended.     The  only  concession 
made  is  the  appointment  of  '        mmittee   to  adjudi- 

cate ou  the  respective  claim-  of  an  inventor  and  the  depart- 
ment which  employs  him.     The  onus  of  proof  is  in  all  cases 
i  on  the  applicant,  the  assumption  being  in  every  case, 
until  the  contrary  is  proved,  that  he  has  no  title  to  his  dis- 
covery or  invention.     It   is   n  improbable  that  this  slight 
concession  will  effect  any  material  improvement  in  the  pres- 
ent  state   of  affairs.     One   would   have   expected   the   Com- 
mittee to  comment  on  the  circumstance  that  since  the  tele- 
graphs were  taken  over  by  the  Post  Office  practically  every 
important  improvement     has     bei  n     imported   from   abroad, 
whilst   previously  this  country   played   a   major   part   in   the 
betterment  of  methods  of  telegraphy  as  it  has  continued  to 
do  in  the  cable  services.     The  committee,  in  short,  seem  to 
have  considered  as  outside  the  scope  of  their  referenc 
Inquiry    into    possil                         ol    fostering   discovery    and 
invention   in  department  Anyone   who  has   been 
ootely    connected   with    those   responsible   for  really 
important   pioneering  work,  will  realize  that  this  will  never 
be  undertaken   for  a   mere  Balary.     The  nervous  strain,  In- 
to   pi  actualizing  such   improvements,   is   too   intense, 
to   be   faced   without                     the   hope   of  some   substantial 
reward.     The  gap  between  a  really  novel  laboratory  discov- 
ery or  a   nally  original    ^                  dea,  and  its  development 
into   a   commercial   succ.  commonly    months    or 
years  of  patient  industry,  as  well  as  the  assumption  of  heavy 
ary   risks.     Of  course,  in   general,   we   do   nol    expect 
i  fundamental  Import                 i  research  departments, 
rnment   or   by    private   firms. 
i  a.lays  and  Kelvins  would  be  out  of  place  in  1 
li      leal    Laboratory,   whose    true   function    is   to    help 
industry    by    establishing                           ind    acquiring    accurate 
work  should  be  discon 
true  home  being  :                l  Ties  of  our  Univ.! 
or  the  workshops  ol  pi  Ivi  ertheless,  al- 
though   Investigate                                       i  either    to    i 
i  in  departmental  n    ean  b  establish! 
civil  servants  have  been  respoii  Ible  tor  some  highly  Impor- 
tant discoveries.     I                      emory  is  at  fault,  both  Henry 
nd  Sydney  Gilchrist  were  in  Government  employ  when 
they  worked  out  their  epoch-making  improvements  in  metal 
lurgy.     They    were    not    engai  •  d    .      technical   experts,  but 
the  recommendation     ol  the  committee,  the  de- 

bj     which    they    were    employed    would    have    had   a 

prima  facie  claim  to  thi  nd  they   won 

required  to  establish  the  eontrar)   before  a  committee  of  in- 
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Him.  smh  a  procedure,  however  liberally  worked, 
will  tend  to  check  invention  and  discovery,  which  is  the  re- 
verse of  desirable. 

The  committee  do  not  appeal  to  bi  -  01  sistenl  Is  their 
recommendations.  They  observe  that  in  certain  cases  re- 
i  workers  are  engaged  for  only  a  part  of  their  time 
ami  lor  a  specific  purpose.  I'  oi  ■  such  makes  an  invention 
unrelated  to  this  special  work  the  committee  admit  that 
this  should  vesi  in  him  only.  Apparently,  however,  a  full 
time  worker  is  looked  upon  as  belonging  body  and  soul  to 
his  department,  and  should  he  maki  an  invention  not  con- 
Bcial  duties,  I  ntly  to  be  treated 

on  a  different   basis 

The  committee  seem  to  think  it  possible  and  desirable, 
though  difficult  for  the  Government  to  exploit  commercially 
valuable  inventions,  and  they  assert  that  there  is  a  prob- 
ability of  an  Increased  industrial  use  of  inventions  made  pri- 
marily for  Government  purposes.  It  would  be  well  if  the 
committee  had  given  instances  of  such,  as  it  is  difficult  to 
understand  without  illustrative  examples  the  kind  of  work 
the  committee  have  in  view.  A  possible  instance  is  the 
"leader  gear."  but  we  imagine  it  would  be  better  .for  the 
public  were  the  exploitation  of  this  to  be  free  from  payment 
of  royalties.  Another  possible  instance  is  that  of  useful 
alloys,  and  here  again  it  would  probably  be  in  the  public 
interests  that  such  results  of  departmental  research  should 
be  freely  open  to  all.  On  the  other  hand,  certain  results 
will  a-  ittained  in  the  laboratory  which  can  only  be 

made  commercially  available  by  a  large  expenditure  of  time 
and  capital  in  the  work  of  practicalization.  This  work  will 
certainly  not  be  undertaken  unless  those  responsible  for  it 
are  granted  a  monopoly  for  a  term  of  years. 

The  committee  state  that  several  witnesses  affirmed  that 
there  had  been  cases  in  which  the  credit  and  benefits  accru- 
ing from  an  invention  have  been  filched  by  the  official  su- 
periors of  the  true  and  original  inventor.  In  view  of  what 
has  happened  in  other  departments  of  Government  nothing 
is  more  probable.  The  credit  of  the  best  work  of  the  experts 
on  geodesy  employed  on  the  ordnance  survey  has  frequently 
been  assigned  to  the  official  head  of  the  department,  who 
merely  signed  the  reports. 


-in    the  dictum  as   to  the   undesirability  of  putting  new 
o   .'M   bottles  applies  bore  as   in   many  other  matters, 
and    it    will    be   necessary    to    cast    right   aside    ideas   of   archi- 
ll   form  which  were  based  upon  stone  block  construc- 
tion. 


Steel    as    an    Architectural    Material 

Editorial    in    The    Engineering   Review.    London. 

One  of  the  difficulties  with  which  structural  steelwork  has 
had  to  contend  in  the  past  in  attaining  its  legitimate  posi- 
tion for  buildings  other  than  workshops,  has  been  that  archi- 
tects are  trained  principally  from  the  artistic  and  historical 
standpoint  and  that  they  have  regarded  steelwork  as  inher- 
ently ugly. 

This  difficulty  is  a  strange  one  from  one  standpoint,  be- 
cause in  a  steel  frame  building  Uie  steelwork  can  be  com- 
pletely hidden  and  the  external  walls,  which  function  only  as 
fillings  between  the  openings  of  the  steelwork,  can  receive 
architectural  treatment  to  follow  any  style  or  order  desired. 
If  architects  are  willing  to  take  structural  engineers  into 
their  counsels  early  in  the  development  of  the  plans  of  a 
building  much  economy  of  materials  can  be  effected  and  many 
vexatious  altercations  of  plans  avoided,  and  it  is  hoped  that 
the  younger  generation  of  architects  is  being  trained  with 
due  regard  to  the  legitimate  function  of  steelwork  in  con- 
struction, and  that  they  will  not  adhere  to  older  methods  be- 
cause they  understand  them  better.  The  architect  has  to 
cover  a  very  wide  range  of  activities,  iu  all  of  which  it  is 
humanly  impossible  for  him  to  be  a  specialist,  and  I  cannot 
see  that  he  should  regard  it  as  derogatory  to  his  professional 
standing  for  him  to  refer  matters  relating  to  steel  construc- 
tion to  engineers  who  have  specialized  upon  that  class  of 
work  and  who  are  familiar  with  its  technical  intricacies. 

But  a  new  school  is  arising  among  architects  which  objects 
to  the  hiding  of  the  members  upon  which  the  building  relies 
for  its  strength,  and  is  opposed  to  "sham"  wherever  it  can 
be  avoided.  It  is  from  this  school  of  architects  that  we  may 
hope  for  much  future  progress  in  steel  construction.  As  en- 
gineers we  have  always  denied  that  steel  structures  are  in- 
herently ugly;  in  fact,  we  believe  that  there  is  close  corre- 
lation between  efficiency  and  beauty.  We  believe  that  the 
architects  can,  and  ultimately  will,  succeed  in  designing  build- 
ings with  exposed  steelwork  that  will  give  the  necessary 
artistic  effect  for  which  the  architects  are  legitimately  striv- 


Stresses,  Calculable  and  Incalculable 

torlal  in  The  Engineer,  London,  .May  ;..  I 
Although  the  scientific  engineer  rightly  relies  to  a  very 
large  extent  upon  the  calculated  values  of  stresses  in  the 
working  parts  of  his  machines  and  structures,  practical  ex- 
perience, as  well  as  a  closer  theoretical  consideration  of  the 
.a  alike  go  to  show  that  at  times  materials  are  exposed 
much  more  intense  loading  than  that  which  had  been 
anticipated  from  ordinary  data  and  calculations.  The  mere 
it  that  failures  sometimes  occur  in  parts  where  no  defective 
materia]  can  be  traced  and  where  the  calculated  working 
stress  was  far  below  oven  the  specified  yield  point  of  the 
material,  serves  to  establish  the  occurrence  of  such  cases. 
1  i.i  innately,  however,  actual  failures  from  such  causes  are 
very  rare  and  represent  only  a  small  fraction  of  those  cases 
in  which  the  actual  working  stresses  are  very  considerably 
greater  than  those  indicated  by  calculation.  Now  we  do  not 
desire,  by  raising  this  point,  to  throw  any  doubt  upon  the 
fundamental  value  of  stress  calculation.  On  the  contrary, 
we  would  insist  rather  upon  the  importance  of  so  improving 
our  methods  of  calculation  that  such  cases  may  be  increas- 
ingly eliminated.  At  present  the  uncertainty  which  exists 
under  this  head  is  one  of  the  factors  which  remains  to  be 
covered  by  the  "factor  of  safety,"  but  it  is  fully  recognized 
i!i  .i    engineering   progress,   particularly   where   requirements 

nling   weight   are    stringent,    often    implies   an   enforced 

cutting  down  of  these  wide  margins  and,  therefore,  a  fuller 
utilization  of  the  strength  of  the  materials  employed.  Elimina- 
tion of  uncertainty  as  to  the  actual  stresses  involved  must 
therefore  also  be  eliminated  to  an  increasing  extent. 

At  first  sight  this  would  seem  to  be  little  more  than  a  plea 
for  the  fuller  development  of  the  mathematical  side  of  the 
theory  of  structures  and  materials,  but  while  such  a  develop- 
ment is  required,  we  would  draw  particular  attention  to  an- 
other aspect  of  the  matter.  It  relates  to  the  closer  study 
of  the  materials  upon  which  the  stresses  have  to  act  and  of 
their  behavior.  The  mathematical  basis  of  calculations  al- 
ways requires  the  material  to  be  uniform  and  isotropic — 
i.  e.,  that  it  should  have  not  only  the  same  length,  but  also 
the  same  elastic  properties  in  all  directions.  Actually,  in 
the  case  of  timber,  it  has  been  found  that  this  property  is 
lacking,  while  there  is  room  for  doubt  even  in  the  case  of 
metals.  As  regards  strength,  at  all  events,  longitudinal  and 
transverse  properties  differ  very  widely  in  rolled  and  drawn 
materials.  The  whole  problem  is,  however,  affected  to  a 
very  much  greater  degree  by  an  entirely  different  factor. 
This  factor  is  the  existence  in  many  materials  of  important 
internal  stresses,  i.  e.,  of  stresses  which  exist  in  the  material 
in  the  entire  absence  of  external  load.  Such  internal  stresses 
arise  when  a  piece  of  metal  has  undergone  changes  of  shape 
or  volume  which  are  not  uniform  throughout  its  mass.  For 
instance,  when  a  rod  or  tube  is  subjected  to  cold  drawing,  the 
outer  skin  is  extended  to  a  slightly  greater  degree  than  the 
inner  portions.  At  the  end  of  the  operation  the  material  is 
left  in  a  stressed  condition,  with  the  "extended"  skin  under 
elastic  compression  and  the  remainder  in  tension,  both 
stresses  being  such  that  they  suffice  to  equalize  the  dimen- 
sions of  the  two  portions  of  material.  The  presence  of  such 
internal  stresses  is  readily  ascertainable  by  cutting  up  the 
metal  in  a  suitable  manner.  If,  for  instance,  in  the  case 
referred  to,  the  outer  compressed  skin  is  cut  through  so  as 
to  leave  it  free  to  contract,  the  total  dimensions  of  the  tube 
are  diminshed  by  a  slight  amount.  Stresses  can  be  detected 
in  this  manner,  which,  on  calculataion.  indicate  that  the  ma- 
terial was  internally  or  "self-stressed"  to  a  point  not  very 
far  below  its  normal  breaking  stress.  The  point  which  we 
wish  to  emphasize,  however,  is  that  if  external  loading  is 
applied  to  material  in  such  a  condition,  where  the  internal 
stress  has  the  same  sign  as  the  applied  stress,  the  two  add 
up  and  fracture,  or  dangerous  nearness  to  fracture,  may  result 
at  a  point  where  the  calculated  working  stress  is  quite  mod- 
erate. Now  the  presence  of  such  internal  stresses  in  cold- 
drawn  or  otherwise  cold-worked  metal  is  well  recognized  and 
constitutes  one  of  the  reasons  why,  for  many  important  pur- 
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cold-worked    material    is   regarded  tilled   sus- 

ra  and  users.    The  vei  nvenlence 

i  material,  however,  presents  a  temptation  towards  Its 
use  which   Is    not   always   resisted      Fortunately,   II    baa   re- 
cently  been    established,   principalis    bj    D      Moore   and   his 
collaborators  al  Woolwich,  that  by  beating  cold-worked  brass. 
ample,  to  Quite  a  low  temperature      ■  S00  deg   Cent 

short   time,  the  Internal     tn  in   !"    ^ '■■'">'  unholy 

red  without  appreciably  weakening  or  otherwise  altering 
the  material,  and  doubtb    a  similar  treat 
m. 'in  is  possible  with  other  alloys  an. i  wltb    teel      If  It  were 
universally   applied   much   of   the    presenl    mistrust    of   cold- 
worked  metal  might  !><•  overcome     Thi  r<    ire,  however,  other 
[ternal  Btresa  in  mel  the  cold  working 

uallj  so-called.    These  cases   in    In  reality  more 
there,  sin.-.,  ti.. 
ternal   stress  -   not   alu  ;i'  "'   BUCn 

rrom  heal  treatment  Involving  rapid  cooling  or 
rhe  hardening  of  Bteel,  even  !  itlvely 

Involves  changes  of  volume,  an. I  these  changes 
do  not  occur  at  the  same  time  and  to  the  aami  extenl  through- 
out  the  mass.    The  resulting  differencea  ol  dimensions  thus 

haw     to    I...    equalized    bj    elastic    strains,   anil    in 

actual   ruptun  n    the  format-  r   liard- 

cracks.     in   othei    cases  the   material   remains    Intact, 
bUl  aev.  ed  Internally.    Subsequent  tempering,  pro- 

ufflcientl]    drastic,  no  doubl     ei  vea 
i,,    wipe    out    these    In  a  tresses,    but    important 

residual  si,-.  entlj    remain      in  certain  alloy  steels, 

[or  ,,,  i  lag  itself  mu  I   i"'  followed,  if    -tem- 

per  brittleness"  la  to  !>■  econd  quenching  or 

d    although    this    la   not    so    severe   as   true 
i    maj    yel    ca 
Important  Internal  Btress.    Another  rorrn  ol  "heat  treatment" 
which   may.   and   sometimes     dors.  loua      internal 

I  Iding,   whether  by 

,i„,  ,.:.  •  th(   acetylene  name.    Local  heating  Inevit- 

ably causea  differential  expansions  and  subsequent  contrac- 
issibly    heavy    resultant    stresses   should   be 
fully  considered  In  connection  with  the  loading  of  parts  which 
have  been  treated  in  this  way. 

Heat    treatment    is    not.    however,    the    only    source    of    in- 
mechanical   deformation  applied  in  the  cold 
during  manufacture  or  construction  being  a  still  more  serious 
r    a    piece    ol    metal    is    bent   cold,   although 
•  relj   uninjured  and  possibly  even  hardened  by 
the    operation,    it    is    inevitably    left    with    a    certain    measure 
of  int-rnal  stress.     In  the  simple   bi  trip  of  plate 

the   portions    mar   the   neutral   axis  are  stressed  only   within 
their  range  of  elastic  recovery,  while  the  outer  portions  under- 
go permanent  plastic  extension  or  compression.     When  the 
external  bending  force     is     removed     tin-     inner  elastically 
aed   portions   tend    to   re-straighten    the   piece,   but   are 
the  permanently  deformed  outer  portions;   a  sys- 
tem of  counterbalancing  internal  stresses  is  thus  set  up.    A 
still  more  striking  case  arises  from  such  operations  as  rivet- 
,   such   manipulations  as  forcing  holes 
.    nt   js  not  qi  and  similar  forcible 

proceedings,  the  closing  of  the  rivets  and  their  subsequent 
during  cooling,    In  l"-'1   and   localized 

pis  These  forces  come  upon 

ar,.  Mire   may 

hapa  onlj   aft  These 

consm                    eed  not  and,  of  course,  will    not   alum  us  in 

■      ca   a     -ni-     nurtures  are 

ampl  OOUgb    to    re:  i 

iwing    working   stresses,  but    they    should   be 

account    where    tl  dstence 
avoided  wherever  possible. 


Measuring   Locomotive  Wheel   Loads.      \ 
bag-machine,  for  ascertaining  the  weight  resting  on  each  wheel 
,,,  i,.-  properlj   adjusted,  which 
nry    Pooley    ami    Son.   of    Birmingham,    are    no* 

Sir    William    Arrol    an. I    ...     tor    the 

Knut-  of  the   Nigerian    1: 

1!^.  long,  and  with  a  capai 

-..  r  principle  arranged  to  prevent  tipping 
■ 
,,,„„,  them      London   Tim.'     Engineering   Supple- 

ment. 


Labor  Unionism  in  Australia 

Editorial    in    The    Commonwealth    Engineer,     Bldney,    Hew    South 

Whenever  our  country  is  visited  bj  Independent  ami  studi- 
ous observers,   who  an-  not  afraid   to   tell   us  what   they   think. 

v. ,-  hear  that  our  towns  and  cities  are  under-Industrialised, 

and   that   our  COUntrj    dlstrll  '  .ai.-.l       In 

not  producing  enough.    Is  II  thai  we  have  not  sufficient 

men  to  work   in  our  factories   or   to   cultivate  our   lands,   or   is 

it    that   our  capitalists   are   content  I    down    with   their 

mono]   Invested  In  gllt-edg  '  "-•     action  of  our 

community    will    sa>     that    we    -  '    b    men    to    do    the 

work,  provided  the]                               paj  and   have  not   to  work 

very  hard,  another  Bectlon  wil  "    •■    bave  not  enough 

n   to  do  all   the  work    lie  :■  done   il"  thai    work   were 

iii,  irmly,  and  ai   .,  tali        1  uneration,  bo  that   we  can 
compete   with   other   countrie        Omitting   anj    reference   to 

agricultural  pursuits,  which  obvlou   I)    nave  QOl    attracted  the 
numbers  that    luis  COUntXJ    •  md   referring    mainly  to 

our  nil. an   Indu   tril        11  "»»le   that    lie-   desire  of 

our  industrial  chiefs  to  expand  and   produce  li    thwarted  by 
the    determination    of   a    mlnorit:     wltb    temporarllj    exalted 

powers,  who  ilare  thai  nough  n  tralia 

a  our  Industries.    The.-,   further  trj   to  entoi 
Bn  tly,   10   p.",    .1    1.1- 
the  work  done;   ami.  id!        1  agree  thai   these  men  are 

overworked,   and   thai    thej  Id    work   sh.ni.  1    I 

a    noted   case    where   II     •         ighl    there    were   .-nough 

workers  in  the  Common-  red   when     ome  bi 

on  a  British  ship,  who  wi  mbera  ol   the   Australian 

seamen's   union,   were   not  to   work   on   this   ship,  or 

to  join  the  Australian    -  their  own  union  so  that  they 

could  work  on  our  coastal  ships     These  men,  not  belnj 
to  work  at  the  calling  mc  to  them,  had  to  be  re- 

patriated as  distressed  British  seamen.  In  the  matter  of 
skilled  labor  a  curious  anomal}  exists.  In  many  industries 
work  is  done  by  tools  and  machinery,  guided  by  the 
sober  use  of  intelligence,  it  has  been  found  to  work  in  the 
best  interests  of  all  concerned,  to  apprentice  young  men  to 
some  special  work,  and  to  lei  them  improve  their 
by  their  own  diligence.  These  apprentices  were  encouraged, 
and  the  trade  attracted  man;  youths.  These  youths,  more- 
over, wen  wiven  the  opportunity  of  attending  night  classes 
at  technical  schools,  and  could  thus  obtain  an  outlook  differ- 
ent and  higher  than  the  mere  automaton,  to  whom  education 
does  not  appeal.  Many  ol  Hum-  apprentices  grew  up  In  their 
trades  and  became  skilled  workers.  Others  probably  were 
not  so  skilled.  Their  leaders,  however,  say  to  them  "if  you 
limit  the  number  of  apprentices,  you  will  always  be  sure  of 
your  job";  hence  the  absurd  Mate  of  affairs  reigns  in  which 
apprentices  are  so  limited  in  numbers  in  the  various  trades 
that  there  is  not  a  sufficient  number  of  young  men  being 
trained    to    meet    the    noi  mds    of    Industry.      More- 

the    mi It]    Ol    them    do    nol    exhibit    much    desire    to 

obtain  educational  advai  I  er  do  thej   display  that 

of   rivalry   which    tends    to   produce   the   en 
man.      To    some    this    mighl    seem    the    Utopia   of    the 
working  man.   but  unfortunatel;    we  are  up  against  thi 
petition  ol  other  countrie  ">'-  ••">  '   •     "''  hard 

work  and  efficient  pi-.pai.in-'  1    training  of  the  tyro  In 

rin-se  countrli  ■  ndowed  to  the 

thai     Australia    is.    and    II    frequently    happen 

efficient   .raits n,  who  have  gained  their  knowledge  In  rig 

orous  and  competitive  apprentii  ire  to  come  1 

trails      li    is   found   thai    thesi    men     main    ol    whom 

are   train,-. I   mechanics      are   better    bj    far   than    our  own 

[h  the  efficient   trainii  thorough  apprentlci 

happened  recentlj  and  complatnta  have  been  made  bj 
union   leadera  that   prefereni  e  a  to   the  ■    !»" in      Bui 

,..    ated  out  In  this  a Iflc  i  a  i    that   80  per  ■ 

the  unionists  were  Immigrants,  and  that  a  clause  In  a  recent 

;,,.,,i,.  n  uecessarj  to  give  preference  to  unii 
memberi    ol    the   engineers'   and    blacksmiths'   union 

like  the  seamen   and   refuse   to  allow   an 
Immigrant  to  Join  the  union  so  that  the  present  membi 

It    is  time   that    the   workers    recognised 
that  they,  and  all,  are  speclaUj    favored  In  this  country,  and 
that   the]     houid   become  Imbued  with  that   spirit   ol   emuls 
tion  which   would   make  the  Australian  trad. --man  as  ell 
as   any    in   the   world,  and    which   would   tend   to  a    greater  pro 

ductlon  at  reduced  i  o  I 
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Concrete  Truss  Girder  in  New  Street 
Viaduct  at  Dover 

Details  of  Design  and  Severe  Tests  on    Finished 
Structure 
From  Engineering,  London,  March  ::.  1922 
Those  who  know  Dover  will  remember  how  the  town  is  cut 

up  by  the  railway  lines  to  the  harbor,  and  by  the  Dover  ami 
Deal  Railway,  ami  have  possibly  in  the  past  experienced  in- 
convenience at  one  or  the  other  of  the  level  crossings.  I" 
order  to  improve  these  conditions  a  scheme  was  proposed 
many  years  ago,  embodying  a  raised  street  viaduct,  so  as  to 
provide  permanent  communication  through  certain  thorough- 
ness of  the  traffic  on  the  railways.  This  scheme 
was  authorized  first  in  acts  obtained  by  the  corporation  of 
Dover  in  1901  and  D'12.  and  the  contract  was  actually  let  for 
indertaking  in  1913.  As  was  the  case  with  all  other  big 
the  scheme  was  interfered  with  by  the  war.  and  has 
only  recently  been  completed,  a  series  ol  imp  irl  ml  tests  on 
the  work  baring  been  carried  out  as  late  as  September  last, 
while  the  engineer's  report  on  them  was  onlj  submitted  at  the 
beginning  ■>:  November. 

The  main  viaduct  has  a  total  length  of  about  1,000  ft.  A 
spur  running  from  it  down  to  Bulwark  street  is  about  200  ft. 
>\hilo  a  separate  over-bridge  in  Limekiln  street  has  a 
span  of  t'.S  ft.  The  main  viaduct  also  includes  two  spans, 
respectively",  of  70  ft.  and  65  ft.,  the  one  over  drainage  works 
and  the  other  over  the  Dover  and  Deal  Railway. 

The  whole  of  this  work  was  carried  out  in  ferro  concrete,  on 
the  Monchel  Hennibique  system,  and  Messrs  Monchel  and 
Partners,  Limited.  Westminster,  were  associated  as  consulting 
engineers  for  this  part  of  the  construction.  The  contractors 
Messrs.  Lambrick  a:-  Co.,  Burton-on-Trent,  and  the  whole 
was  carried  out  under  the  superintendence  of  Mr.  W.  C. 
Hawke,  former  borough  engineer  of  Dover.  At  its  conclusion 
Independent  tests  were  carried  out.  These  were  conducted 
by  Messrs.  D.  Balfour  and  Son  of  Kingsway  House,  W.  C.  2. 
at  the  request  of  the  borough  surveyor.  Mr.  W.  Boulton 
Smith.  It  may  be  added  that  the  South  Eastern  and  Chatham 
Railway  Company  demanded  special  tests  in  the  case  of  the 
bowstring  bridges  over  their  lines,  and  at  these  tests  repre- 
sentatives of  the  railway  company  assisted. 

The  tests  carried  out  and  reported  upon  by  Messrs.  D. 
Balfour  and   Son   were  nine   in   number,   while   loading  condi- 


tions during  this  work  were  of  SUCh  a  character  as  to  render 
an   Investigation   possible   In    a   further  case,  though   no  actual 

measurements  were  taken  in  this  instance.  The  tests  com- 
prised static  and  rolling  tests,  and  combined  tests  on  various 
portions,  Including  two  of  the  bowstring  girder  bridges. 

We    have    selected    for    illustration    the    bridge    carrying    the 
ViadUCl     over     the-     Dover    and     Deal     Railway.      Although    this 

bridge  did  not  Involve  the  longest  girders  ol  the  three,  it  was 

slightly  on  the  skew,  and  the  tests  to  which  it  was  subjected 
at  the  Instance  of  the  engineers  of  the  railway  company  were 
particularly  severe. 
The  clear  Bpan  of  the  bridge  is  65  ft.,  the  opening  being 


Side    View   of    Dover    and    Deal    Bridge. 
ti7  ft.,  measured  parallel  with  the  girders,  while  the  bottom 
boom  has  an  overall  length  of  74  ft. 

The  bowstring  girders,  one  of  which  is  shown  herewith, 
each  consist  of  six  open  panels  and  two  end  panels  filled  with 
reinforced  concrete.  These  girders  are  23  ft.  6  in.  deep  at  the 
center,  from  the  top  to  the  underside  of  the  bottom  boom.  The 
latter  is  4  ft.  deep  by  12  in.  wide,  reinforced  with  four  1%-in. 
bars  at  the  bottom,  and  similarly  at  the  top  (Fig.  17).  The 
top  curved  boom  is  21  in.  by  12  in.  in  section,  the  reinforce- 
ment increasing  towards  the  center  to  eight  bars  of  l'_-  In. 
and  l'i  in.  diameter  (as  shown  in  Figs.  11  and  12).  The 
uprights  are  18  in.  by  12  in.  in  section,  the  central  member 
being  reinforced  by  four  vertical  bars  (Fig.  14),  1%  in.  in 
diameter,  and  the  next  on  each  side  by  1%-in.  bars.  The 
remaining   four   verticals   are    reinforced   as   in   Fig.   13.    with 
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(5) 


514 


/  Contracting  for  May  31,  1922. 


b,  the  in ii •  ind   the 

others  I'jiii    bars.    The  dlagoi 

tion,  wiiii 
corners  i  Fig.  l1". 

IS     .    ■    i  ■■■      lab       s  in.  thick,  reinforced  with  l1*- 
In.  liars  placed  diagonally  6  In.  apart,  whil    serosa  thi 
laid  '.■-in.  bars  at  l-  in.  pltcb  ner  in 

which  the  panel  and  to] 
■    .. 

!   On   caniib  .•      The   mar 

line   of 
Inside  ol  thi 
bridge,   is  7  it.    Overhead   the  glrdi  ned   bj    two 

of  a  Bection  shown  in  fig,  g,  annexed.   These  a 

'in  is  in.  on  oi  other, 

the  reinforcement  consisting  of  four      -in    bars. 

The  bridge  being  on  the  skew,  three  beams  run  out  at  each 
end.  The  longitudinal  reinforcement  Is  bonded  Inl 
of  the  abutments  in  thesi  the  roadway 

is  •'.  in.  thick,  with  vin.  bars  -  p  I  across 

the  bridge  at  the  top,  and  longitudinally,  ~  16-ln.  bars  of 
''•-in.  pltcb  at  the  top,  and  5  16-ln.  bars  with  similar  Bpacing 
below,  with,  in  addition,  J  16-ln.  curved  bars  brought  to  the 
top  over  the  beams,  and  passing  to  the  botti 

Tin'  cantilevers  carrying  the  pathway  run  into  an  outside 
longitudinal  beam,  in  low  the  parapet.    Th  al  para- 

pet is  G  ft.  high.    The  floor  is  again  6  In.  thick  and  the  rein- 
forcement similar  to  that  of  the  ronilwav. 
The  photographic  illustration  gives  a  view  from  a  point  to 
;•■  of  the  bridge.    The  1 1  of  the 

ire   will   be   noted,  and   attention   may   be  drawn   to  the 

ornamental    panel    parapet    on    tl utside.     As    this    bridge 

spanned  the  railway,  the  lines  below  had  to  be  maintained 
clear,  and  for  this  a  great  part 

-pan    was   carried    by    trusses    standing   up   above   the 
deck  levei.    A.-  it  was  ii.-  to  make  provision  of  the 

same  kind  in  the  case  of  the  drainage  works  bridge,  the  shut- 
tering in  that  ease  was  carried  by  timbering  below. 

Tests  of  the  Bridge. — The  tests  on  the  Dover  and  Deal 
bridge  were  made  in  association  with  the  railway  company's 
engineers,  and  to  their  requirements.  The  first  test  consisted 
of  a  load  on  one  of  the  secondary  beams.  The  load  of  road 
metaling  supported  by  such  a  beam  would  be  1  ton  10  cwt., 
the  area  of  floor  being  93  square  feet.  The  load  for  which 
the  viaduct  was  calculated  was  14"  lb.  per  square  foot,  in 
addition  to  metaling.  This,  on  this  area,  Including  metaling, 
would  be  7  tons  6%  cwt.  Taking  a  test  load  of  210  lb.  per 
sq.  ft. — i.e..  50  per  cent  above  the  calculated  load — the 
amount  would  be  10  tons  41;  cwt.  In  place  of  this  test  the 
engineers  of  the  railway  asked  for  a  distributed  load  of  41 
tons,  giving  an  equivalent  bending  moment  to  that  produced 
by  four  wheels  loaded  with  7%  ,nl1-  each  on  a  span  of  31 
feet.  This  corresponds  to  a  distributed  load  on  the  area  of 
about  1.000  lb.  per  square  foot.  In  order  to  take  the  worst 
case  of  concentrated  load  two  tram  rails  were  placed  over 
the  beam  selected,  and  running  in  the  same  direction.  Across 
ided  with  ballast.  The  bottom 
brought  the 
whole  load  directly  over  the  12-in.  beam.  The  rails  weighed 
about  l'j   tons.    In  addition,  the  rate  of 

per  s.|.   ft.  wa     placed  i  red  portions 

carrying  the  footpaths.    The  deflection  allowed  by  the  speci- 
1/60  pan     Loading  was  commenced 

p'tember  13,  and  c fluded  at  4:50  p.  m., 

when   the  mazimui  beam, 

Bet   below,   was   2   mm.    The  instru- 

on    a   stiff   ba-e,   and    the   deflection   was 

itted  from  the  bridge  members  to  be  tested,  by  means 

-      rods,    in    the   te  I    now   under  notice, 

of  the  main  beams,  the  maximum 

and    to    be    l-L'3   mm.,   or 

only. 

i  tests, 

and   three   trailers,  and   then  with 

de,  and  both  passing  as 

of  the  bridge.   The 

h,  and  the  loaded  I 

he   trains    wi 
the  bi  there- 

of! thi  ■  ■  enl   \  laduct    'i  be  maxi- 


mum  loading  on  the  bridge  under  these  conditions  was   96 
ad  the  maximum  deflection   taken  at  the  center  of  the 
middle  crossbeam  of  the  brld  ured  1.5  mm.,  giving 

"i   ior  the  croi   beam  deflection,    The  worst  deflecti. 
the   main   girders   worked   out    in   this  case   1/17,780,    l 

ndarj    beam  at  l  n,( f  the  span,  compared  with 

an  allowable  i/60oth.  \o  permam  at    i  I  was  recorded.  During 

I   the  railw.  tWO  mam 

tor  Bpread  at  the  center  ol  thi    I   p  bo<  m  .  but  detected  no 
lat  iral  movement  whatevei  o  ferro-concrete  crossties 

resisting  such  a  tendency  effectively. 

On   the  bridge  over  the  dl  forks  tests  were  carried 

out   with  rolling  loads.    Tl  ted   in   the  first  test  of  a 

1  I  ton   tractor,  and  tin..     I  lers.    This  bridge  has  a 

clear  span  ol   70  It.,  and  all  thi     wheels  of  this  train,  making 

1  load  of  51%  tons,  could  be  got  over  the  span.    The 

second  test  was  made  with  tw< liar  trains,  or  a  total  load 

of  103  tons.    Under  the  v..  he  greatest  deflections  of 

one  of  the  main  girders  was   l    111,260  of  the  span,  and  the 
greatest  deflection  at  th.-  centei    ol   the  middle  cross  beam, 
i  itself,  was  l   16,700  of  the  span.   These  compare 
with  the   1   GOO  allowable. 


South  African  Irrigation}jWorks 

Construction  of  Dam   Described   by  Engineer   in 
Charge 

By  F.  T.  PATTERSON,  M.  Inst.  C.  E.,  Engineer  to  the  Board. 
From  The  South  Afi  on   Magazine. 

Irrigation  has  been  carried  on  in  the  Oudtshoorn  district 
for  three  or  four  generations  and  many  thousands  of  morgen 
have  been  brought  under  cultivation  by  diversion  of  water  by 
numerous  weirs  in  the  Olifants  River  and  its  tributaries. 
Hundreds  of  miles  of  furrows  varying  in  capacity  from  50  to 
5  cusecs  lead  the  water  on  to  the  land.  These  furrows  are 
the  private  property  of  individuals  or  groups  of  riparian  own- 
ers. This  continual  development,  together  with  droughts,  has 
resulted  in  a  great  scarcity  of  water  even  in  tributaries  with 
almost  perennial  flow,  and  in  1916  an  irrigation  district  was 
established  for  the  purpose  of  the  conservation  of  water  and 
the  i  onstruction  of  new  canals  to  bring  additional  land  under 
irrigation.  Subsequently  other  works,  such  as  new  diversion 
weirs  and  extension  of  canals,  were  decided  upon  and  the 
scheme  has  now  developed  into  a  comprehensive  attempt  to 
improve  and  remodel  the  whole  of  the  existing  system  of 
the  diversion  and  distribution  of  flood  waters  of  the  Olifants 
River,  as  well  as  the  construction  of  large  conservation 
works  on  the  Kamanassie  River,  which  is  the  largest  tribu- 
tary to  the  Olifants  River. 

The  board,  elected  in  accordance  with  Act  8  of  1912,  ac- 
cepted  the  scheme  prepared  by  the  department  and  the  author 
was  appointed  engineer  to  carry  out  the  works  with  a  loan 
granted  by  government.  Thtse  works  therefore  fall  under 
that  class  of  organization  wheri  the  department  merely  holds 
a  watching  brief  with  regard  to  ti  i  hnical  points  and  expend- 
iture. 

High  Concrete  Dam. — The  works  consist  of  conservation 
works  formed  by  a  dam  wall  of  gravity  section  1,265  feet  in 
length  with  a  maximum  helghl  of  145  feet  from  foundation 
to  crest.  The  width  ol  thi  ■  ■  II  al  river  bed  level  is  84  feet 
and  the  thickness  a  i  t.  Thi    main  spillway 

will  be  on  the  right  Hank  and  will  be  300  feet  wide  with  a 
waste  weir  wall  600  feet  long.  There  will  be  an  emergency 
spillway  on  the  left  flank  with  a  waste  weir  300  feet  in  length 
discharging  into  a  channel   1 .' vide. 

The    estimated    quant  it  ete    required    is    160,000 

cubic   yards. 

works  in  tin-  irrigation  hi  trict  below  the  dam  consist 
of  70  miles  ol  ind  the 

repair  and  Improvement  o    -  works,  with  further  pro- 

of constructing  or  Improving  40  miles  of  additional 
canals.  These  works  will  serve  14,600  morgen,  of  which  only 
3,500  is  new  land. 

Progress  and  Construction  Program. — Work  on  the  Kama- 
nassie dam  wai   c menced  early  in  June,  1919,  although  the 

Installment    of    the    loan    was    not    received    until    the 
tollov,  lug  month. 
The  canals  were  commenced  in  January,  ia2n. 
The  position  of  th  [hi  i  ml  oi  .November,  1921,  was 
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that  57,000  cubic  yards  of  concrete  had  been  placed  in  the 
dam  and  that  the  earthworks  ot  30  miles  of  canals  had  been 
•completed,  bridges  and  minor  coi  b     were  well  under 

way,  and  a  start  had  been  made  with  one  of  the  weirs,  and 
two  of  the  largest  syphons  were  about  to  be  commenced. 

Every  endeavor  is  being  made  to  co-ordinate  the  work  in 
accordance  with  a  program  which  was  drawn  up  and  adopted 
by  the  board  before  the  work?  were  commenced.  This  pro- 
gram provides  for  conservation  to  commence  with  30  feet 
depth  of  water  by  December,  1921,  50  feet  by  December.  1922, 
and  the  full  depth  of  100  feet  by  June.  1923.  The  remainder 
of  tin'  work  to  bo  completed  by  December  31st,   1923 

The  high  level  canal  in  Kamanassie  Valley  will  be  put 
into  service  early  in  1922,  and  the  section  in  the  Olifants 
:  j  the  end  of  1922;  the  intermediate  canal  to  Wijnands 
River  in  time  for  the  plowing  season  1922,  and  the  completion 
to  Vloi  River  early  in  1923.  All  other  works  are  being  pro- 
.i  with  as  finance  permits,  following  out  the  principle 
that  capital  expenditure  should  be  turned  to  beneficial  use 
as  early  as  possible. 

Organization. — The  organization  decided  upon  at  the  com- 
mencement—which has  been  found  to  work  very  satisfactorily 
— provided  for  engineering  and  accounts  control  from  a  gen- 
eral office  at  Kamanassie  dam  and  sub-offices  on  the  canals, 
as  construction  requires. 

This  organization  was  set  down  in  detail  on  a  diagram,  a 
copy  of  which  was  supplied  to  each  member  of  the  staff,  so 
that  responsibility  and  control  could  be  clearly  defined. 

The  canal  works  include  many  interesting  features,  but  it 
is  necessary  to  confine  the  remainder  of  these  notes  to  the 
dam  construction. 

Construction  Plant  and  Accessory  Works. — Before  deciding 
upon  the  period  of  construction,  careful  consideration  was 
given  to  the  amount  of  money  the  board  would  be  justified  in 
investing  in  plant  and  buildings,  and  it  was  decided  that  the 
plant  expenditure  should  be  kept  within  £25,000,  housing 
of  Europeans  to  £10,000  and  natives  about  £1,000.  The 
period  of  construction  was  then  fixed  at  iV2  years  with  partial 
conservation  within   2%   years  of  commencement. 

As  construction  was  started  at  a  time  when  it  was  impos- 
sible to  obtain  machinery  from  either  Europe  or  America, 
promptly  and  at  reasonable  prices,  the  board  decided  to 
purchase  second-hand  engines  and  machinery  and  get  to  work 
as  quickly  as  possible,  and  only  import  what  was  impossible 
to  obtain  in  this  country,  therefore  the  only  machinery  for 
whicli  orders  were  placed  were  concrete  mixers  and  the  air 
compressor.  A  three-ton  capacity,  1,100  ft.  span  cableway 
was  obtained  from  Calitzdorp  dam,  together  with  a  40  hp. 
suction  gas  engine,  two  or  three  small  crushers  and  odd  plant. 
Other  gas  engines  of  115  hp.  and  35  hp.  were  obtained  within 
40  miles  of  the  site.  Three  5-ton  locomotive  cranes  were 
acquired  on  a  mine  and  rebuilt  at  Johannesburg.  Other  en- 
gines, rails,  trucks  and  the  hundred  and  one  miscellaneous 
requirements  were  obtained  from  mines  about  to  close  down. 
All  this  machinery  was  railed  and  transported  to  the  site  as 
quickly  as  possible,  and  in  the  meantime  an  earthen  coffer 
dam  was  being  thrown  around  the  right  half  of  the  founda- 
tion on  the  river  bed  and  excavating  started  by  hand  methods. 
Quarries  were  commenced  and  labor  and  material  for  build- 
ings gathered  as  quickly  as  possible. 

The  layout  of  the  works  buildings  and  plant  is  such  that 
everything  is  kept  out  of  the  submerged  area,  and  practically 
all  the  stores  and  machinery  are  on  an  area  of  land  on  the 
north  bank  between  the  dam  wall  and  the  main  spillway. 
The  works  can  be  completed  without  having  to  remove  and 
'  reset  any  fixed  plant.  The  general  office  overlooks  the  dam 
■wall,  and  there  are  telephones  to  the  wall,  workshops  and 
stores. 

Crushing,  Storage  and  Mixing  Plant. — Stone  for  crushers  is 
quarried  in  the  main  spillway  channel  and  run  in  sidetipping 
trucks  to  a  reinforced  concrete  platform  over  crushers  of 
sizes  24  in.  x  19  in.  and  16  in.  x  9%  in.  The  crushed  stone 
then  falls  into  gable-end  hopper  wagons  which  are  run  out 
on  gantries  and  emptied,  either  into  the  bins  of  the  mixer 
station  or  over  the  tunnel  bin  for  reserved  stone.  Sand  is 
delivered  to  bins  in  sidetipping  trucks  and  cement  is  run  out 
on  platform  wagons  and  bags  emptied  into  the  bins.  The 
mixer  station  contains  two  three-quarter  cubic  yard  Ransome 
mixers  and  the  cement,  sand  and  stone  are  fed  into  these 
through  gates  operated  by  hand.  The  outlets  of  the  cement 
bins   are    fitted   with   adjustable   measuring   boxes   while   the 


Quantity  of  sand  and  stone  is  gauged  in  the  charging  hopper 
of  the  mixers.  Water  is  measured  in  automatic  tanks.  The 
mixers  discharge  into  hopper  trucks  for  running  out  on  the 
gantry  or  into  skips  for  transport  by  the  cableway.  All  rails 
have  been  given  a  grade  of  1  in  80  or  1  in  100  in  the  direction 
of  the  load. 

Plums  or  displacers  are  quarried  lower  down  the  spillway 
channel,  loaded  onto  stone  trucks  by  a  5-ton  locomotive  crane 
and  run  to  cranes  on  the  dam  wall. 

Recruiting  Staff  and  Force.— With  regard  to  staff,  labor 
force  and  quarters,  it  was  decided  that  all  staff  appointments 
should  be  advertised;  that  the  European  force  should  be 
recruited,  as  far  as  possible,  from  Oudtshoorn  district,  and 
that  housing  accommodation  for  30  single  men  and  30  families 
should  be  provided.  It  was  also  decided  that,  as  far  as  pos- 
sible, all  unskilled  labor  should  be  done  by  natives  brought 
from  the  eastern  province,  housed  and  fed  in  the  compound. 

Housing,  School,  Recreation,  Etc.— The  European  village 
has  been  built  on  the  left  or  south  bank  of  the  river,  anil  all 
houses  have  18-in.  rough  masonry  walls,  the  single  men's, 
married  gangsters'  and  some  of  the  artisans'  quarters  have 
flat  roofs.  The  first  class  artisans',  foremen  and  staff  quarters 
have  pitched  roofs  with  steeps.  There  is  a  school  with  three 
classrooms,  school  principal's  house  and  a  combined  cafe, 
mess  and  recreation  room.  The  sport  facilities  include  tennis 
court,  nine  hole  golf  links  and  a  rifle  range. 

The  natives  are  housed  on  the  right  or  north  bank  of  the 
river  in  24  rondavels  built  in  three  rows  of  eight  each.  These 
rondavels  are  of  18-in.  masonry  walls  eighteen  feet  diameter, 
eight  feet  high  to  eaves  and  have  pitched  roofs  of  thatch. 
Ventilation  is  provided  by  an  opening  all  around  the  eaves 
and  a  ventilator  at  the  pinnacle  of  the  roof.  The  natives  are 
fed  from  a  kitchen,  where  the  food,  consisting  chiefly  of 
mealie  pap  and  magouw  (fermented  gruel)  is  cooked  in  steam 
heated  pots. 

There  are  a  few  married  native  and  colored  laborers  who 
reside  with  their  families  in  another  part  of  the  compound. 
All  laborers  are  under  the  care  and  control  of  the  compound 
manager  who  is  also  the  camp  superintendent  and  responsible 
for  numerous  duties  incidental  to  any  large  construction  job, 
such  as  sanitation,  first  aid  to  sick  and  injured,  safeguarding 
water  supply,  destruction  of  mosquitoes  and  flies.  This  official 
also  controls  the  police  and  watchmen  and  looks  after  the 
stables. 

There  is  a  postoffice  and  telephone  exchange  in  the  general 
office,  and  when  this  is  closed  the  residences  of  the  engineer 
and  compound  manager  are  connected  and  linked  up  with 
Oudtshoorn  police  station. 

The  matter  of  transport  has,  fortunately,  caused  little 
trouble.  The  railway  administration  gave  special  facilities  at 
Van  Wijks  Kraal  siding,  about  8  miles  from  the  works,  and, 
although  the  cost  of  a  branch  line  or  mechanical  transport 
was  looked  into,  it  was  very  soon  realized  that  the  humble 
donkey  wagon  could  do  the  work  most  economically  and  that 
there  would  be  no  need  for  the  board  to  invest  in  wagons 
and  animals,  as  sufficient  wagons  could  be  obtained  to  under- 
take transport  at  reasonable  piecework  rates.  There  has  been 
no  delay  due  to  lack  of  transport,  either  of  materials  from 
the  railway  or  sand  from  the  river. 

An  early  start  was  made  with  the  accumulation  of  sand  for 
concrete  and  a  large  stock  has  always  been  on  hand.  At  one 
time  this  amounted  to  no  less  than  12,000  cubic  yards. 

Construction  Methods. — Having  dealt  with  the  preliminary 
work  incidental  to  construction,  a  brief  description  will  now 
be  given  of  the  methods  of  building  the  dam. 

The  foundation  in  the  right  half  of  the  river  bed  was  first 
excavated  inside  a  coffer  dam  and  the  flow  of  the  river  con- 
fined to  a  width  of  200  feet  near  the  left  abutment.  A  cutoff 
trench  was  carried  down  to  a  greater  depth  than  the  normal 
foundation,  and  by  the  6th  of  May,  1920,  this  was  sufficiently 
far  advanced  to  permit  concrete  being  placed.  This  was 
commenced  by  two  Bantam  mixers  working  in  the  foundation 
and  supplied  with  stone  crushed  by  a  portable  crushing  outfit, 
pending  the  completion  of  the  crushing  and  mixing  stations. 
On  this,  the  first  day  of  the  actual  building  of  the  wall — the 
staff  and  children  attending  the  works  school  assisted  by  the 
simple  ceremony  of  dropping  small  stone  "plums"  into  the 
first  concrete  placed  in  the  foundation. 

By  September  2,  1920,  the  foundation  of  the  right  half  of 
the    river   bed   was    sufficiently    advanced    to    permit    of   the 
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to  iinn  f\ it  i   •  and  to  allow 

bj  i  offei   d 

■     ■  andatlon  pre  ■  difficulties 

to  be  pumpi  oil   trench 

■ .  g  [ng  depth  oached. 

a  <  lay  Joint  al  th<   i 
I  tbi        ■■        \i  tin-  date  (S(  pt(  mbi  i 

th  the  next  lift  of  the  dam  wall  bj  erecting 

moth  e  cranea  on  the 

thi    river  lei  ,1    Tins  lift  ard  bj   run- 

ning concrete  from  the  mixer  Btatlon  on  a   gantry,  and  the 
ranes   placing    plums   and  graduallj    traveling   towards 
enter  of  the  river.  This  method  i  compl( 

Hon  ol  the  foundation  cm  the  left  halt  and  concrete  up  to 
river  bed  level,  before  the  n i  channel  over  the  right  foun- 
dation was  unduly  restricted  i      I  nd  lift; 

•    •  .!  ried   on   da 

night  for  about  two  months  and  concreting  of  the  lefl  cutoff 
trench  commenced    In  November,  by   cablewaj    and    Bantam 
but   progress   was  no(  as  goi  pected  and 

econd  lift  from  the  right  flank 
b  of  damage  u>  1 1 1 « -  coffer  dam  In  the  i  vent 
•  1  occurring.  The  question  was  no\t  play  for 

.uui  stop  ii  Becond  lift, 

risk  by  allowing  ii  to  come  forward.   The  latter  coins,    was 
adopted  with  the  fervent  hope  that  the  Bummer  thundi  i 
would   be  light    The  river,   however,   wa     nol    goin      to    be 
brought  under  control  without  a  final  kirk,  and  in   February 
■ii. -is.    culminating   in   a    sudd.  10,000 

broke  thi  offer  dam.  overturning  engines, 

pumps,  etc.  Things  looked  black  for  a  ortunately 

trench  had  been  refilled  with  concrete,  and 
getting  engines   and   pumps  io  work  again,  com 
was  proceeded  with  within  a  iiie  left 

flank,  thus  leaving    the  center  of  the   river  clear   until   the 
summer  rains  had   ceased.    No  further   serious   trouble   was 
.md   ihe  river  was  diverted   through  one  of  the 
culvert  July,   1921.    Since   this  date  a   small 

quantity  of  water  has  been  stored   in  the  reservoir   toi 
requirements  of  the  work  during  the  dry  season. 

The  -econd  liu    reached   the   left   abutment   al    the  end   of 

October,  and  early   in   November  the  two  locomotive  cranes 

anol  traveling    back    to 

I   flank  on  t i 

Alter  the  commencemei  ration,  small  floods  will 

be  controlled  by  the  operation  01  ten  36-in.  sluice  valves,  and 

during  the  the  wall  will  be  kept  at 

a  lower  level  than  the  remaining  length    in   case  of  a   large 

Mood  tilling  the  reservoir. 

Costing  System.-  The  costing  system  is  arranged  in  such 
a  manner  as  to  give  the  most  satisfactory  results  under  the 
tine.-  main  heads  of   '  1 »   Conservation  Worl  -  anals  and 

are   again 

divided    into    principal    Natures   designated    by    letters    of   the 

t,  viz.: 

\  '■    I  covi  the  Conservation  Works;  K  to 

anals  and  Weirs,  and  x  to  Z  Genera]  Expenditure. 

These  symbols  are  again  divided  u  ad  subheads 

numerals. 

D    on    plant    and    temporary    buildings    is    written 
••    month. 
With  ai  curate  detailed   unit   i  osl    ot   anj 

ork  is  readily  obtained   i 
The  number  of  men  employed  about  450  on  the 

dam  and  M00  on  canals     The  total  nun  i    April 

i  BOO  on  the  whole  works,  but  the  financial  strin- 

drastic  cut  don  n  \  <  j .  1 1 

tional    funds    having    now    been    provided,    progress    will    be 


Concave  Roads.    Certain  English  enginei 

roads   which  ami 

found 
under  ordinal-}   conditions,     it  is  argued  that  with  thi 

e  Wjii  have  to  movi    uphill    I 
gravity;    and  that  ravitj    will 

t  .md  tend  ' 


Coast   Preservation  Works^in  British 
Guiana 

Rigorous   Measures    Bring   Success   After  a   Long 

Series  of    Failures 

B]    HERBERT  L    \  \IIKY. 

tondon. 
The  aotabli  m  the  tolllowing  pages 

irkable  In  I  Ii        the  I  ot  IU 

kind  in  the  world     Involving  a  total  expenditure  of  ovei 

""". I    and  presents  I  i  on    ot    an    exceedingly 

Intricate    problem    In   ooa  tion,   which,   since   1750 

when    the   colony    was   in    th.     i.  the    Dutch,   hat    i 

11  effei  ported  by  la] 

Kai  |j    in    1916  the  Ci  to  consider  tin 

question  of  Immediate    "  ea-di  decided   to  discontinue 
methodi .  and  to  obtal  I  advice.    Shortly  after- 
wards Mr.  Gerald  Otli  B.  I.  C,  Assoc.  M     \m 

Sue.  c.  E.,  M.  s.  (•;..  was  called  Ii  ti    report  on  the  matt. 

a   result   of  his  iir.  i  ommendat  Ion     he  w  a- 

appointed  Consultin  Government  ol   I 


Di 


L:i    S,:a  Wttfe — 

Section    of   New   Sea    Wall. 


Guiana,   and   instructed   to   prepare,   and   subsequently  super- 
.1  e,  the  scheme  which  is  the  subject  ol  our  ■m  ■ 

Early  Methods  of  Protection,  \llhough  British  Guiana  can 
hardly  be  said  to  Obtrude  Itsi  il  i  ither  upon  the  man  in  the 
street    or   the   keen    stun,  al  i>ire   geography.    It 

colony  of  considerable   Impi  being   rather  larger  than 

Great  Britain.  Not  being  an  island  however,  its  coast  line 
i  compare  with  that  ol  thi  H  other  Country,  being,  in- 
deed, no  more  than  135  miles  in  length.  Nevertheless  the 
health  and  wealth  of  British  Guiana  are  entirely  dependent 
upon  the  solidarity  and  soundm  of  her  shores.  This  is 
due  to  the  fact  that  practically  all  the  land  abutting  on  thi 
sea  is  from  2  to  l  ft.  below  high  water  level,  even  (ieorge- 
town.  the  capital;  and  the  principal  sugar  estates,  ari 
era]  feel  below  water  level  at  high  tide. 

The  question  of  permanent  am  Impregnable  coastal  pro- 
tection   was.   therefore,  om  me   Importance,  and  of 

years   it    has   become  a   matter  of  extreme   urg 
owing  to  the  accelerated  rate  o  and  the  consequent 

;ng  of  croppe.i  land  tea. 

Some  idea  of  the  seriousness  of  thi    po  Ition  ma]  be  gained 
from  a  perusal  of  the   following   records;    From  17!i2  to  1874 
erage  rate  of  erosion  wa     10.57  it.  per  annum,*  from 
1874   io   1890  it   was  79.00  fl    pei        num.  and  between   189( 
and    1916   il    was   2:!. 80  ft.   per  annum;    while   during   the   cor- 
mding  periods  the  acci  re  almost  negligible. 

Bach  year,  though  every  endeavoi  made  to  check  thi 

steady  encroachment  of  t  i    ■  further  retirement   i" 

fore  the  invader;  landmarks  and  boundaries  had  toberei 

furl  mi   m   nol   a   tew  cases 

valuab  bad   to  be  completely    abandon 

Enormous    sums    were    expended    ii     un   uccessful    attempt 
to  mini, at    the  regular  advance  ol   the  sea;    Indeed,  Bhortlj 
i   ,  sent   work   was  put    In   hand  the  amoui 

•The   tew    average  of  thi  atlon  of  . 

a   natural  bai  rl  maximum  w 

I ,  d 
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pended  annually   upon  the  maintenance  of  the  coastline  ex- 
ceeded  £55, Unfortunately,  mosl  of  this  sum  was  spent 

on    the   erection   of    bulkheads,    vertical    sheet    piling,    wave 
rly     constructed     and     uselessly     situated 
groynes,    wood    fascines,   earth   dams,   etc.;    and    the   result 
clearl}    demonstrated  by   tour   successively   abandoned 
lines  of  sea  defences  at  Luslgnan,  has  been  disastrous.    And 
this  is  not  an  Isolated  instance.    All  along  the  mast  a  similar 
.-tat.'  m  thing    ■  Usted  previous  to  1916     the   whole  panorama 
ting  a  sorry  history  of  costly  failure,  and  a  dismal  pic- 
ture of  sea  conquered   territory. 

The  lack  o  i  uich  attended  all  former  endi 

though  deplorable,   was  in  no  sense  a  reflection  upon  those 
who  undertook  the  work;   they,  indeed,  wore  in  no  small  de- 
li.■    victims    "f   circumstance.      It    could    scarcely    be   ex- 
i  thai  a  hire. tor  of  Public  Works     whose  duties  in  such 
a    colony    are    multifarious— could    with    reasonable    prospect 
tackle  a  problem  which  taxes  tin-  skill,  experience, 
ingenuity    of    the    expert    and    specialist    to    the    utmost. 
Moreover   each    successive    official  acting    in    this    capacity 
had    neither   sufficient   reliable    data    nor   adequate    funds    to 
with  the  matter  basically.     They  had.  therefore,  to  con- 
tent   themselves    with    schemes    dealing    with    effects    rather 
than   ca 

It  was  not  until  1915,  when  numerous  and  extensive  sea 
encroachments  involving  the  abandonment  of  many  large 
plantations  and  estates  revealed  the  seriousness  of  the  posi- 
thal  the  Governor.  Sir  Walter  Egerton,  K.  C.  M.  G.. 
appointed  a  special  commission  to  consider  the  whole  ques- 
tion ot  coast  protection.  In  fairness  to  those  in  authority, 
previous  to  the  date  given,  it  should  be  pointed  out  that  the 
danger  in  which  the  colony  stood  had  not  gone  unperceived, 
and  many  and  vigorous  appeals  were  put  forward  advocating 
immediate  and  purposeful  action.  Previous  to  the  appoint- 
ment of  the  Hon.  E.  C.  Buck,  the  present  Director  of  Public 
Works,  those  in  charge  of  this  department  had  repeatedly 
drawn  attention  to  the  perilous  position  and  the  insufficiency 
>>i  the  existing  "sea  defenses,"  wThile  he  himself  has  force- 
fully urged  the  instant  adoption  of  a  policy  based  upon  more 
scientific  methods. 

Another  factor  militating  seriously  against  the  success  of 
this  enterprise  was  the  lack  of  co-ordination;  work  was  done 
piecemeal,  and  even  then  was  not  properly  maintained.  The 
problem,  too,  was  further  complicated  by  the  ill-considered 
action  of  those  occupying  estates  adjoining  the  shore;  each 
owner  being  anxious  to  obtain  security  for  his  own  acres  took 
steps  to  divert  the  destructive  action  of  the  sea  to  his  neigh- 
bor, with  the  result  that  the  whole  foreshore  became  irregu- 
lar, and  the  condition  which  all  were  anxious  to  abate  was 
aggravated. 

In  short,  the  continuance  of  coast  erosion  was  due  to  the 
lack   of  a   firm   policy,   backed   by   special   knowledge   of   the 


Dam  Faced  with  Reinforced  Concrete  (10  Steps), 
subject.  Few-  engineers  who  have  not  specialized  are  aware 
of  the  existence,  or  nature  or  operation  of  innumerable 
destructive  forces  which  by  their  incessant  action  ultimately 
lead  to  the  obliteration  of  littoral  boundaries,  and  the  inunda- 
tion of  hundreds  of  thousands  of  low-lying  acres. 

Few  engineers  who  have  not  made  coast  erosion  a  special 
study  realize  the  enormous  part  played  in  shore  alteration 
by  wave,  wind-formed  currents,  tidal  currents,  currents  caused 
by  estuaries,  rivers,  and  drainage  outlets,  and  by  wind  action; 
few  also  realize  the  tremendous  influence  which  dead  trees. 


tin'    destruction   of   vegetation,    the    removal    of   sand,   gravel, 
or   shell,    rain,   changes   in    the   sea    bed,    the    use   of    vertical 

wave  screens,  high  groynes,  stone-filled  gro 
or  ol  ier  Incidental  or  artificial  obstructions  to  littoral  drift, 
have  in  shaping  sea-bound, 
it  is  not  strange,  therefore,  that  all  previous  efforts — which 

were    put    forth    without    full    and    proper    knowledge    of    the 

controlling  conditions     were   foredoomed. 

The  Present  Scheme.     The  consult  r  responsible 

tor   the    design    and    supervision    of    the    present    scheme   had, 

therefore,  to  begin,  as    I  the  beginning,  and  insti- 
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New  Sea  Wall  on    East  Coast. 

tute  careful  and  detailed  investigations  into  the  origin  and 
causes  of  the  condition  in  which  he  found  the  coast.  This 
meant  extensive  and  tedious  research  covering  a  very  wide 
range  of  subjects  indirectly  connected  with  the  problem,  and 
a  close  personal  scrutiny  of  the  conformation,  outline,  and 
geographical   features  of  the  entire  foreshore. 

As  he  anticipated  from  cursory  observation,  Mr.  Case  dis- 
covered that,  to  a  very  large  extent,  the  actual  damage  caused, 
and  the  unsatisfactory  state  of  the  coast  generally,  was  due 
to  the  manner  in  which  the  sea-defenses  had  been  designed, 
and  also  to  the  actual  location.  Methods  adopted  prior  to 
1916  were  not  only  inadequate,  but  actually  aggravated  the 
original  trouble  by  providing  a  position  about  which  the  scour- 
ing action  of  the  sea  could  concentrate  itself.  This,  in 
point  of  fact,  is  what  happened.  Behind  every'  range  of 
sheet  piling,  and  on  the  leeward  of  groynes,  fascines,  etc., 
large  hollows  were  formed  which  in  time  completely  under- 
mined the  structure,  and  merely  intensified  the  difficulties 
to  be  overcome. 

It  was,  therefore,  decided  that  all  previous  attempts  should 
be  ignored — from  the  point  of  view  of  their  utility — and  that 
a  more  scientific  system  should  be  adopted.  As  a  result  Mr. 
Case  prepared  the  scheme  which  is  the  subject  of  these 
articles. 

The  Work  Involved. — As  the  matter  was  extremely  urgent 
— so  urgent,  indeed,  that  both  the  British  and  American  gov- 
ernments readily  granted  special  priority  permits  for  ma- 
terials to  be  shipped  during  the  most  critical  period  of  the 
war — Mr.  Case  decided  to  proceed  at  once  with  the  permanent 
protection  of  some  52%  miles  of  coast  on  which  the  occur- 
rence of  serious  and  extensive  damage  w:as,  if  not  imminent, 
at  least  distinctly  possible. 

This  involved  the  provision  of: 

111  specially  designed,  low.  reinforced  concrete  groynes. 
Some  being  750  ft.  long,  spaced  at  1.500  ft.  apart;  others 
being  500  ft.  long,  and  spaced  at  1,000  ft.  apart. 

25,400  lin.  ft.  of  reinforced  concrete  sea  walls. 

24,400  lin.  ft.  of  reinforced  concrete  sluice  runs,  and  sluices. 

46,000  lin.  ft.  of  earth  dams. 

28,950  lin.  ft.  of  public  road  diverted  to  accommodate  the 
scheme,  the  estimated  total  of  the  whole  being  1,753,100  cu.  ft. 
of  reinforced  concrete;  to  w-hich  should  be  added  a  large 
quantity  of  concrete  and  cement  used,  as  it  were,  incidentally. 
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The  total  cubic  content  of  th<    m 

■    ■ 
I  ol  the  mat  ,;  >»  ,l"' 

most  I  and  carried 

I  • 

The  System  and  the   Design.     Th(  ted   to  deal 

with  U  ;     ibli  ;  them- 

tor  Instant  solution  was  that 

AMI'     i      F.  R.  G    S.,  tot 
herein 
:   out    iii   bU  !  th   the 

principles  laid  down  by  Mr.  Case,  Bem  ,1   e.,  th(    low 

gle  relative  to  the  littoral  boundarj  ^  •  nii" i«-it 

with  the  employment  ol  a  cun  varying 

elliptical  section,  rising,  u   II   were,  from  a  Btepped  founds 

i iuu.    Since  the  >•■■  la  almost  entirely 

:•  nt  upon  local  conditions,  it  la  difficult  to  furnish  a 

which  maj    be  regarded  as   representative  or  char- 

the   Illustrations    will   give   a    fair 

tore. 

The   basic   idea   underlying   the   system    adopted    is   to    use, 

and  i:  the  forces  of  the  sen,  so  thai  In  various 

ways   the  foreshore  ma)    i"-  built   up  In  a  "natural"  angle 

over  which  the  waves  may  roil  harmlessly,  expending  their 

energ  aching  the  high-water  mark. 

In  detail  -Mr.  Case's  investigations  led  him  to  the  conclusion 
that,  with  the  materials  available,  and  under  the  adverse 
circumstances  then  obtaining,  nothing  less  than  the  follow- 
ing could  be  regarded  as  protective  work  calculated  ' 

rd  to  the  steady  encroachment  of  the 
sea,  and  in  his  report  to  the  British  Guiana  Government  he 
strongly  advised  that  the  items  enumerated  below  should  be 
proceeded    with   without  delay: 

1.  Where  possible,  to  straighten  the  line  ol  protecting 
dams  by  abandoning  the  existing  outer  protecting  dams,  and 
building  new  dams  further  inland. 

L'.  Reinforced  concrete  sea  walls,  in  place  of  earth  ones, 
should  be  built  on  the  most  exposed  parts  ol    I        coast 

3.  Where  the  earth  dams  were  liable  to  be  attacked  by 
wave  action  to  face  them   with  reinforced  concrete. 

4.  Construct  new  reinforced  concrete  drainage  sluices  in 
lin>    with  the  sea  wall  or  concrete-faced  earth  dam. 

5.  Construct  training  walls  or  groynes  on  each  side  of 
the  drainage  outlet  to  guide  the  water  direct  to  sea. 

6.  Construct   a   system   ol   low   groynes   in    front  of   all  ex- 

alls. 

7.  Remove  all  existing  structures,  such  as  wave  screens, 
high  groynes,  and   vertical  sheet  piling,  which  were   causing 

8.  Encourage   the   growth   of  suitable   vegetation   in   front 

dams. 
■•      I'rohibit  the  removal  of  shell  from  the  front  of  the  sea 

l"      i ' t ■  ■  j 1 1 . ) r   tli.-  destruction  of  any  useful  vegetation. 


French  Try  Concrete  Sockets  to  Prolong  Life  of 
Wooden  Poles 

With   a    view   to   prolonging   th  lei    po8t8   BUCh   as 

■  n   in- 
ii  .    ami    the 
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Stability  of  Deep-Water  Quay   Walls 
Bj    i     K    WKNTWORTH-SHEILDS. 

- 
i'i\  ii  i 

In  this  paper  the  author  points  out  that,  in  spite  of  all  that 
een  written  on  the  a  general  agreement   has 

I ..-.  n  reached  as  to  the  best  way  of  estimating  the 
and  resistances  acting  on  a  retaining  wall  with  earth  back- 
ing and  on  an  earth  foundation.  The  solution  of  such  prob- 
lems is  so  unsatisi  neers  discard  their 
calculations,  even  when  they  have  made  them,  and  trust  to 
their  judgment  In  deciding  whether  a  wall  as  designed  will 
be  stable.  This  is  eapeci  p  water  quay  walls, 
problems  are  quit,  dll  iln.se  of  land  walls. 
.wing  to  the  presence  of  water  which  creeps  underneath  and 
bi  hind  them. 

A  quay  wall  may  be  considered  an  acted  upon  by  certain 
outward  horizontal  forces,  such  the  lateral  pressure  of 
Lacking,  etc.,  which  must  be  balanced  by  inward  horizontal 
forces,  such  as  the  pressure  of  water  In  front  of  wall,  the 
lateral  resistance  of  earth  in  front  of  the  toe,  the  resistance 
due  to  friction  at  the  base,  etc.  It  is  also  acted  upon  by  cer- 
tain vertical  forces,  of  which  the  downward  forces,  such  as 
the  weight  of  the  wall,  etc.  tnusl  lie  balanced  by  the  up- 
ward forces,  such  as  the  upward  pressure  of  water  and  earth 
beneath  it.  Moreover,  the  sum  of  the  moments  of  all  these 
forces  about  any  point  must  lie  zero,  or  the  wall  will  over- 
turn. As  regards  the  outward  forces,  the  most  important  is 
the  lateral  pressure  of  the  earth  backing,  for  estimating 
which  engineers  generally  use  Rankine's  formula.  Mr. 
Crosthwaite's  experiments  show  that  to  obtain  accurate  re- 
sults with  sand  the  value  of  ■'■•  should  be  greater  than  the 
angle  of  repose,  and  Mr.  Bell  has  shown  that  the  formula 
needs  modification  in  the  case  of  clay.  If  the  backing  is 
flooded,  it  is  suggested  that  the  intensity  of  its  pressure 
should  be  estimated  as  that  of  water,  whose  free  surface  is 
at  soakage  level,  or  of  the  earth  alone,  whichever  Is  the 
greater.  Loads  on  the  quay  are  generally  taken  at  about  2 
cwt  per  square  foot,  and  heavy  point  loads  may  be  regarded 
as  dispersed  over  a  certain  area  The  pull  of  a  ship  on  the 
bollards  may  also  be  considered  as  dispersed  over  a  certain 
length  of  wall. 

As  regards  the  inward  forces,  it  seems  right  to  include  the 
pressure  of  water  in  front  of  the  wall  at  its  lowest  level. 
Rankine's  formula  is  generally  used  for  estimating  the  resist- 
ance of  the  earth  in  front  of  the  toe,  but  here  again,  in  the 
case  of  sand,  <i>  has  probably  a  higher  value  than  the  angle  of 
repose,  and  clay  calls  for  a  modification  of  the  formula.  It 
seems  doubtful  whether  water  overlying  the  earth  in  front 
of  the  toe  can  be  considered  as  increasing  its  resistance.  A 
sloping  base  to  a  wall  would  appear  to  produce  an  inward 
resistance.  As  regards  friction  between  the  wall  and  the 
earth  beneath  it,  this  is  generally  obtained  by  deducting  the 
other  inward  forces  from  the  outward  forces.  The  result 
ought  to  be  definitely  less  than  tie  permissible  friction,  which 
is  usually  estimated  by  multiplying  the  weight  on  the  base, 
less  the  upward  pressure  of  water  under  it,  by  a  suitable  co- 
efficient. Such  co-efticient  in  tie-  .  ase  of  clay  may  be  little 
or  nothing  The  vertical  downward  forces  are  generally  as- 
sumed to  Include  all  materials — masonry,  earth,  and  water — 
directly  over  the  base.     The  Mi  d  the  backing  and 

the  back  of  the   wall   is   usuall]    l|  nored,  though  in  certain 
cases  it  may  com.    into  play.     Tin-  upward  vertical  forces  are 
lly   assumed    to    include    pressure   of    water   under  the 
base  d  equal  to  the  hi  ii-'lit  between  the  base  and 

the  lowest  water  level.    The  fi  :  I    -    toe  and  the 

■  aith    in    front    of    it    is   common  1}     i|  nored.      Tin-    remaining 
■  liich    is   the  upward    n  sis'    n.  e   of  the  earth   under   the 
wall,   is    found    by    deducting   the    other    upward    forces   from 
• .  nward  forces.     Then  by  taking   moments  of  all  forces 
about  any  point,  the  position  o  tant  of  this  earth 

test    intensity. 
nould  be  definitely  l<       than  the  permissible  re- 
mated 
in  varii  letermlned 

Ml 

Some    devil  II,    such    a    widening  or 

leppii  bai  k,  Ii  ngthenlng  the  toe,  i 

I  d    from    the   standpoint 
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Arched  Bridges  of  Wide  Span 


An  Austrian   Engineer's  Demonstration  of  Possibilities  in  Stone  and  Concrete   Beyond 

Ordinarily  Accepted  Limits 

Summary  of  a  Paper  Read  Before  the  Swedish  Concrete  Institute  in  Stockholm  in  1921 

Bj    l>K.   P.   von   EMPERGER, 
Reprinted   fi  om   '  !onci  ete,    i  ondon 


a  historical  Burvey  of  the  development  of  arches  in  bridge 

truction   shows  that  the  masterpieces  of  the  Romans  in 
this  field  of  work  have  not  been  excelled  up  to  most  modem 

;mi.  ,  tor  whilst  French  engineers,  as  far  bark  as  the  middle 
of  the  eighteenth  century,  constructed  several  lino  bridges 
on  the  lines  of  the  numerous  and  well-preserved  patterns  of 
Roman  art  in  Franco,  these  later  structures  can  only  he  de- 
Bcrlbed  as  adaptations  of  the  older  ones,  and — notwithstand- 
ing the  modern  development  of  the  theory  of  structures — the 
bridges,  aqueducts  and  cupolas  of  the  Romans  of  nearly 
twenty  centuries  ago  are  still  equal  to  the  corresponding 
structures   of  today. 

The  use  of  cast  iron  since  the  end  of  the  eighteenth  cen- 
tury in  England,  brought  about  a  temporarj  departure  from 
.is  a  building  material  for  bridges,  and  a  number  of 
famous  bridges  in  various  capitals  of  Europe  bear  witness  to 
this  period.  The  economic  superiority  of  steel  bridges  at 
tin-  present  day  compared  with  massive  arch  bridges  is  chiefly 
due  to  the  lower  prime  costs  of  the  former.  Steel  bridges 
are  equally  suitable  for  medium  and  for  wide  spans,  but  the 
supposed  limitations  of  the  span  in  other  materials  forms  the 
obstacle  to  the  general  use  of  arches  in  stone,  concrete, 
iii  .  and  massive  arch  bridges  of  these  other  materials  can 
only  be  of  economic  advantage  if  the  difficulty  of  wider  spans 
with  flatter  arches  were  to  be  overcome.  To  show  that  this 
difficulty  no  longer  exists  is  the  purpose  of  this  paper. 

The  Use  and  Abuse  of  Hinges. — The  extensive  use  of  hinges 
in  metal  bridge  construction  led  to  their  introduction  in  stone 
by  Kopke  in  the  year  1SS0,  and  this,  and  a  develop- 
ment of  the  theory  of  arches,  led  engineers  to  avoid  design- 
ing statically  uncertain  and  less-known  fixed  arches.  Whilst, 
in  the  following  lines,  I  dwell  upon  the  advantages  of  hinge- 
less  arches  and  recommend  them  as  the  means  by  which 
greater  spans  may  be  attempted,  I  do  not  fail  fully  to  appre- 
ciate the  advantages  of  hinges,  and  only  avoid  them  where 
they  are  not  absolutely  necessary  and  create  an  unnei  • 
weakening  of  the  arch.  The  use  of  hinges  is  chiefly  neces- 
sary in  order  to  take  up  all  changes  and  movements  caused 
by  settlement  or  shrinkage,  yet  a  properly  constructed  arch 
will  cease  to  move  within  a  short  time  after  the  striking  of 
tin'  centers,  and  there  is  consequently  little  or  no  necessity 
for  joints  in  the  finished  structure,  as  an  arch  is  the  ideal 
shape  for  absorbing  subsequent  movements  due  to  tempera- 
ture. It  is  quite  a  fallacy  to  consider  joints  necessary  for 
the  construction  of  wide  spans,  and  my  personal  experience 
has  taught  me  that  such  joints  are  quite  superfluous,  even 
with  bad  foundations,  always  provided  that  the  latter  were 
properly  designed  at  the  outset  or  that  they  have  settled 
prior  to  the  bridge  being  built.  In  all  such  arches  the  joints 
could  be  fixed  later  and  the  bridge  thus  converted  into  a 
monolithic  structure,  but  if  this  were  done,  every  care  must 
be  taken  when  the  temporary  joints  are  filled  in  with  con- 
crete, as  the  arch  must  be  given  a  suitable  form  and  proper 
arrangements  of  the  reinforcement  must  be  made,  to  allow 
for  all  stresses  due  to  temperature. 

Pioneering  in  Reinforced  Concrete. — Reinforced  concrete  v»as 
used  in  the  construction  of  arched  bridges  in  the  year  1S85, 
but  there  were  several  collapses  as  a  natural  consequence 
of  the  engineers  concerned  not  making  use  of  breaking-tests. 
Praiseworthy  pioneer  work  was  done  in  this  respect  in  the 
year  1S90  by  the  Austrian  Committee  for  Arch  Construction 
which  experimented  with  arches  of  66  ft.  span,  and  whilst 
many  expectations  were  not  realized  as  far  as  the  size  of 
span  was  concerned,  these  experiments  showed  that  there 
was  no  need  for  apprehension  with  regard  to  tensile  strains. 

Of  the  reinforced  concrete  bridges  of  the  period,  the  Orelf 
Bridge  (Fig.  1)  of  300  ft.  span  and  1:3:2  pitch,  is  the  largest 
main  arch  at  present  existing.  It  is  a  hinged  bridge,  but 
stone  bridges  like  the  Syratal  Bridge  (300  ft.  and  1:5 
pitch),  the  Luxemburg  Bridge  (280  ft.  and  1:2.7  and 
the  Isonzo  Bridge  (283  ft.  and  1:3.9),  which  are  all 
of   .the    fixed    type,    make    it    sufficiently    clear      that  no 


t\  exists  lor  the  us,'  of  hinges,  especially  as  the 
flattest  arches  with  a  pitch  of  1:12  were  constructed  on  the 
fixed  system,  notwithstanding  the  fact  that  hinges  are  of 
greater  importance  with  flat  bridges.  Hennebique,  too,  largely 
rejected  the  use  of  binges;  his  largest  bridge  before  the  war 
was  the  one  in  St.  Chaude  with  220  ft.  span  and  a  pitch  of 
L:12;  his  flattest  bridge  had  a  pitch  of  1:17.  The  greatest 
span  actually  used  up  to  now  is  the  bridge  in  Minneapolis 
of  la?  ft.  span  and  90  ft.  pitch,  which  is  likewise  of  the  fixed 
type  and  like  all  large  bridges  of  this  type  has  a  high  pitch. 
Regarding  Pitch,  Span  and  Clearance. — If  a  large  pitch  of 
1:6  and  less  are  to  be  generally  adopted,  it  would  involve 
such  great  heights  for  clearance,  special  rock  foundations, 
etc.,  that  the  use  of  such  arches  of  such  wide  spans  would 
be   very  rare  and    would   only   be  used   extensively   if  greater 


Fig.    1— Orelf    Bridge. 

spans  with  a  pitch  of  1:10  could  be  erected  on  the  common 
subsoil.  If  we  increase  the  span  of  a  structure  it  follows 
that  all  other  dimensions  must  be  correspondingly  increased; 
this  is  no  peculiarity  of  arches  but  is  applicable  to  other 
building  elements,  and  this  is  one  way  in  which  the  difficulty 
of  wide  span  and  stresses  due  to  deadweight  can  be  over- 
come in  arch  bridge  construction.  On  the  one  hand,  stronger 
construction  of  the  abutments,  and  on  the  other  a  reduction 
in  weight  by  giving  the  center  of  the  arch  a  slender  form 
and  building  it  of  special  pressure-resisting  materials,  and 
my  chief  task  is,  therefore,  to  discuss  an  arrangement  which 
will  increase  the  dimensions  of  the  abutments,  and  reduce 
those  at  the  center  of  the  arch  so  that  all  stresses  will  remain 
within  safe  limits. 

Under  ordinary  conditions,  an  increase  in  the  dimensions 
is  naturally  followed  by  an  increase  in  the  deadweight,  and 
with  larger  arches  the  influence  of  the  deadweight  is  prac- 
tically the  only  factor  of  importance  for  the  dimensions,  and 
as  it  follows  that  the  increase  in  the  stresses  can  become 
greater  than  the  increase  in  the  cross  section  we  soon  arrive 
at  a  point  at  which  the  increase  in  the  dimensions  becomes 
useless,  and  only  an  increased  resistance  will  lead  to  a  solu- 
tion of  the  problem. 

Moments  of  Inertia  and  Limits  to  Span  Length. — Several 
engineers  have  endeavored  to  ascertain  what  is  the  greatest 
span  which  can  safely  be  used  for  a  single  arch,  and  have 
considered  500-700  ft.  as  the  maximum,  though  they  have  not 
shown  any  method  of  construction  which  (conditioned  by 
the  course  of  moments  of  inertia)  was  most  suitable  for  the 
same.  From  a  study  of  particulars  of  various  well-known 
fixed  arches  collected  by  my  collaborator,  Mr.  Gerhard  New- 
man, I  have  found  the  ratio  of  moments  of  inertia  from  the 
crown  to  the  base  varies  from  1:1  to  1:2.5.  and  Mr.  G.  Newman 
— who  has  examined  the  course  of  the  maximum  stresses 
at  the  edge  for  the  whole  arch  of  a  recent  design  by  Profes- 
sor Melans,  i.  e.,  the  bridge  of  Chauderon-Montbenon,  which 
shows  a  ratio  of  moments  of  inertia  from  crown  to  base  of 
1:15 — has   arrived    at   the   remarkable   conclusion    that    with 
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this  arrangement  the  positive  and  n<  ( 

show   such  nearly  equal  values  that   thi  ■       onstant 

rigidity,   notwithstanding   the   tact   that    II     crown    measure- 

.ir.    the  smallest  amongst  a  large  r  of  th< 

["his  new  arrangi  i 
.   i     i .   ..■   the  span  and    '  ov  !"  find  "•■« 

economic  shapes  for  such  great 
in  connection   with   tin-.   Fiu    :   Bhowe    -       course 

Inertia  In  the  case  ol  thi  Bridge 

Building  Exhibition  of  Leipzig  In  19  ;  ibles  us 

to  judge  how  firmly  the  anh  is  fixed  Into  the  abutment.    The 

moments  of  Inertia  calculated  In  the  usual  way  tor  the  points 

ml    Q,   hear   the    ratio    1:5:11  Bti         ••  """ 

two  i  lbs  of  about   22  e  (10   In 

wide  by  -'-'■_    in.   high)   and   the   width  ol   the   bridgi 

ft   S  In.    if  we  compare  the  figures  with  the  bridge  al  Minne- 

largest    arch    In   the    world  which    (reduced   to 


f^lt^X':--:F- 


- 


Fig.    2 — Course    of    Moments    of    Inertia    in    Schwarzenberg    Bridge. 
Fig.  3. — Loading   Arrangement. 

me  bridge-width)  has  90  sq.  ft.  or  64  times  the  section 
In  the  crown,  then  we  must  conclude  that  this  increase  of 
section  is  quite  out  of  proportion  to  the  span,  which  is  three 
times  as  large;  and  this  is  the  more  remarkable  as  the  pitch 
of  this  largest  bridge  is  far  more  favorable  than  that 
of  the  Schwarzenberg  Bridge  (1:7.6).  A  comparison  of  these 
figures  clearly  shows  that  there  is  a  wide  margin  for  the 
reduction  of  dimensions  in  the  centers  of  these  large  arched 
bridges,  and  that  their  bulky  and  heavy  construction  is  quite 
unjustified.     By  an  arrangement  such  as  that  shown  in  Fig. 

arch  proper  is  transposed  between  points  A  and  O.  and 
the  clear  distance  of  142  ft.  between  the  abutments  is  reduced. 
by  means  of  the  two  consoles  of  13  ft.  each,  to  a  span  of  113 
ft.,  i.  e.,  to  80  per  cent. 

Austrian  Committee's  Tests.  A  further  reduction  can  be 
obtained  in  future  bridges,  as  the  necessary  tests  have  only 
been  made  since  the  bridge  shown  in  Fig.  2  was  built.  A 
promising  beginning  was  made  during  the  years  1908  to  1912 
by   the  Austrian  Committee  on   Concrete-Steel   Construction, 


4 — Results    of    Tests    on    Freely    Supported    Beams. 


under  whose  with   filed    b 

supported    b»    a    21  in     wall,    the    beams    bl  Into    the 

wall  partly  with  and  partly  without  enlarged  or  skewed  ends, 
in  al!  these  experiments  one  and  the  Bami    center  section 
Jl  examined,  by  n  load  arrange- 

ment ter  section  may  be  considered  as 

half  s   plate  1   ft.  in  width.     The  tests  may  be  taken 
Bat  arcbi      ;   i      Icews  al  the  sup- 
its  of  arches.     The 
m<  n  te  section   in 
the  center  a  t  thi    point  of  fixture  were  actually 

measured  and  merely  calculated. 


Fi>;.    i    shows    the    result    Ol    thi      tests    on    freely    supported 

beams       The    usual    calculation    tor    the    breaking    stress    of 

tlon  which  permits  a  tensili    strength  for  iron  of  54,000 

Hi.  per  sq.  In    hoMs  good  In  i  i<  ep(   those  beams 

which  are  enlarged  al  the  supports      Tb luatlon 

<|1; 

M„.  =  —  =  W.  a.  =  W.. 3.923  =  229. Kg-cm. 

8 
which  gives  that   momenl    i  tor  BCtlon  as 

oi  reel 
Fig.   .".   depicts   the  cracks   in    (reelj    supported   beams    with 
enlarged  ande  and  underneatl    a  typical  picture  of  the  shape 


Fig.    5 — Diagra 


of  the  beam,  from  which  may  be  seen  the  resulting  reduction 
in  the  span  through  the  adoption  ol   skew  ends. 

An  attempt  was  made   i  n  as  to  whether  and  how 

ql' 
it  would  be  possible  to  reduce  thi     moment   —  for  supported 


ql« 


by   means   of   fixation   ti 


or,   in   other    words,   to 


(12) 


Engineering  and  Contracting  for  May  .'>'/,    1922. 


521 


treble  tbe  carrying  capacity  of  the 
beams.  The  supporting  beams 
had  a  breaking  load  oi  about  40 
tons,    corresponding    t<i    tbe    mo 

Minn   ol  resistance  oi  3,220  0 b 

s(|.   In.,   bo   the   reinforcement    was 

arranged   at   the   place   of  fixation 

in  sucb  a  way  that  it  would  corre- 

pond  to  about  double  tbe  moment 

of  the  center,  i.  e.  — .     Fig.  S  de- 

12 
puts    the    measures   taken   to    fix 
these  beams  Into  the  built-up  abut- 

Several   of  the   tests   were  made 
m  sucii  a  way  thai  the  fixing  was 

s. inn  what  weaker  but  never 
stronger,  as  it  «  as  not  thought 
possible  thai  these  small  provi- 
sions could  do  more  than  to  take 
up  and  distribute  the  totals  of  the 
moments  so  that  the  sum  of  the 
moment  (Mm)  at  the  center  and 
the  moment  oi  the  point  of 
fixture     |M„I     was    otherwise    than 

ql1 
M0  +  Mm  =  — .    which    was    consid- 


ered   as    a    definite    formula.      At 

first  it  was  thought  necessary  to  adopt  the  usual  practice 
of  loading  the  brick  supports  as  well,  but  this,  as  well  as  the 
particular^  careful  bonding,  proved  later  to  be  quite  su- 
perfluous. The  favorable  results  obtained  were  repeated  with 
the  simplest  methods,  and  proved  absolutelv  reliable.  After 
the  suspended  beams  were  broken  at  4  tons,  it  was  to  be 
expected  that  a  fixed  beam  would  have  a  breaking  load  of  12 
tons,  but  the  actual  records  show  an  increase  to  16  or  17 
tons  throughout  in  tests  without  the  skew  ends  and  an  in- 
crease to  25  to  27  tons  in  tests  with  skew  ends  with  an  equal 
moment  of  fixation.  These  results  came  as  a  pleasing  sur- 
prise, as  it  was  at  that  time  the  undisputed  opinion  in  the 
profession  that  the   effect  of  fixation   upon   the   center  of  a 

ql! 
beam   would  at  best  be  — ,  and   that,   moreover,   a  complete 

24 
fixture  was  very  difficult  to  attain.    To  my  deep  regret,  lack 
of  means   prevented   further   investigation    of   this   important 
matter  by  further  experiments  on  broad  and  extensive  lines. 

This  need  not  hinder  engineers  from  using  the  knowledge, 
clearly  proved  by  facts,  that  a  considerable  reduction  in  the 
width  of  span  of  the  center  beam  can  be  obtained  if  the 
fixation  is  made  in  such  a  way  as  to  provide  a  console-like 
connection  of  the  abutment  with  the  outer  parts  of  the  sup- 
ports. The  proof  of  the  correctness  of  this  assumption  is 
shown  by  the  fact  that  loads  placed  on  the  consoles  have 
practically  no  influence  upon  the  center  span.  Owing  to  lack 
of  means,  only  a  simple  proof  was  possible.  Figs.  6  and  7  show 
that  by  omitting  the  two  outer  of  the  four  loads  representing 
the  total  uniform  load,  the  surprising  result  that  the  load 
capacity  of  the  first  beam  was  reduced  from  17  to  8  tons  and 
of  the  second  beam  from  27.9  to  9.5  tons  was  obtained.  In  both 
cases,  and  with  and  without  the  skews,  an  excess  of  the  M„ 
moment  resulted:  which  can  neither  be  explained  by  the 
known  moment  of  resistance  of  the  two  sections  at  the  center 
and  at  the  point  of  fixation,  nor  by  any  other  adjustment. 
The  figures  show  what  the  result  would  have  to  be  if  for 
purposes  of  statical  investigation  the  clear  width  were  re- 
tained as  width  of  span  and  if  the  influence  of  the  horizontal 
drift  caused  by  the  frame  support  were  not  taken  into  calcula- 
tion. This  assumption  is  evidently  incorrect,  and  a  much 
smaller  width  of  span  must  be  taken  as  a  basis  for  the 
moment  of  the  center  if  the  efficiency  of  the  center  section  is 
to  be  considered.  Fig.  6  gives  a  summary  of  some  experi- 
ments without  skew  ends,  and  Fig.  7  one  with  skew  ends, 
and  the  plans  of  rupture  lines  underneath  show  the  effect  of 
2  and  4  loads.  The  quantity  for  Mx  was  found  from  the 
results  found  for  Mm  and  M„  as  shown  by  the  tests.  Fig.  11 
gives  the  effect  of  the  fixation  and  the  deflections  which  took 
place  in  the  center  of  beams  of  different  shapes  under  one 
and  the  same  load. 

This   comparison   load   was,   with  freely   supported   beams, 


Fig.    6 — Beams    with     Skew-Ends. 

assumed  to  be  somewhere  in  the  neighborhood  of  the  breaking 
limit,  and  it  will  be  seen  that  the  deflection  of  the  fixed  beam 
is  quite  insignificant.  Several  experiments  were  also  made 
with  continuous  beams,  as  shown  in  Fig.  8,  and  here  also  the 
incorrectness  of  the  original  assumption  about  the  rectilineal 
form  of  the  axis  and  the  similarity  of  the  course  of  the  mo- 
ment of  inertia  was  proved  and  the  favorable  influence  of 
these  circumstances  upheld.  To  what  an  extent  this  knowl- 
edge touches  all  branches  of  building  construction  may  be 
seen  in  Fig.  9,  which  shows  results  of  these  experiments  with 
the    so-called    "mushroom"    flooring.     These    tests    seem    to 


prove  the  correctness  of  the  contention  of  American  engineers 
who  negative  the  influence  of  two  adjoining  fields  of  mush- 
room flooring  as  given  by  an  ideal  continuity. 

In  their  calculations  they  assume  that  the  fields  are  carried 
singly  by  the  consoles,  the  part  of  the  bonding  of  which  is 
clearly  shown  in  the  illustration,  and  they  are  evidently 
guided  in  this  by  the  view  that  this  method  of  calculation 
better  corresponds  to  facts.    The  other  extreme,  i.  e.,  that  no 


(13) 


522 


■  /  Contracting  for  May  31,   1922. 


continuitj    •\ists  and   that    no  transit  trains   Crom   the 

neighboring  span  takes  place,  is  equally  Incorrect,  i>m  al  the 
same  I  ervlceable  than  the  pn  tent  daj  assumption, 

in  this  connection,  it  is  necessary  rith  tl 

■  ut.-  ol  the  Austrian  Concrete  Committee  the  bondage  of 
tin    tested   beams   must   not   he  overrated,   the   '-"'is  of  the 

:".  n.'  in. .ins  Invariably  fixed  in  the  ttui'  hori- 
zontal position.  Th.'  angle  or  tin'  departure  from  the  hori- 
zontal was  ascertained  by  exact  measurement  at  the  abut- 
ment, and  found  to  he  fairly  considerable,  proving  that  even 
in  the  experiments  the  fixation  was  not  perfei  I     Vs  a  i 


Fig.   8 — Course   of   E.    I.   In   Control   Beam. 

i      i    1 1  to  its  foundation  as  shown  in 
Fig.  2  is  far  more  reliable.    When  treating  the  whole  of  the 
..-  as  a  (rame  system,  it  must  be  remembered  that 
i   was  about   1  :  4. 
Other  Experiments. — Other  experiments  on  the  determina- 
tion of  the  true  value  of  the  moment  of  inertia,  or  the  moment 
:stance  respectively,  which  in  the  usual  calculation,  with 
n  =  15,  is  considered  correct,  and  likewise  in  the  second  stage 
for  the   whole  framework,  were  reported   in  detail   in  Beton 
and   Eisen,   1916,   in   which   the  reduction   of  the   moment  of 
inertia  of  a  reinforced  section  together  with  the  increasing 
tension  until  rupture  occurs,  is  extensively  dealt  with.    The 

PI* 

well  known  formula  for  deflection  (f)  in  the  center  is  =  

EJ 

In   regarding  this   formula  as   significant   for   the   change   of 

tii'    whole  beam,  it  is  of  great  importance  to  have 

exact   knowledge  of  the   true  quantity  of  EJ.     It   is  usually 

t  this  i  the  same  over  the  whole  beam, 

hut  the  influence  ol  an  alti  ration  of  this  quantity  is,  in  case 

of  a  fi.  orted  beam,  chiefly  dependent  from  the  center 

part,   and    it    can  oved    (Pigs.    5    and    8)    that  the 

influence  of  an  alteration  of  EJ  at   the  point  of  support  of  a 

rted  beam  is  by  no  means  so  insignificant  as  may 

ight. 

OWS  the  course  which  K.I  takes  in  a  control 
with  a  load  increased  gradually  to  destruction,  and  the  enor- 
mous difference  which  takes  place  within  the  range  of  the 
safe  load  •••■ill  be  noticed,  and  in  practice  there  le  no  beam 
with  a  uniform  EJ.  This  difference  in  the  case  of  the  freely 
mi  only  comes  Into  consideration  .  i  that  change 
which  takes  place  Dear  the  supports  between  stage  I  and 
stage  II.  This  is  usually  disregarded,  but  it  must  not  be 
■  I  with  beams  where  the  change  of  tension  Is  near 
the  center  as  is  the  case  with  a  beam  fixed  at  the  ends  or 


with  arch.  In  a  fixed  beam,  tage  ■  With  its  enormous  mo- 
ments oi  inertia  will  remain  at  the  place  whore  the  change  of 
tension  tak.s  place,  and  will  make  itself  felt  like  a  partition 
between  the  center  part  of  tbe  beam  and  the  console  con- 
nected to  the  abutment  (Fit:  >'■>.  and  conditions  may  then 
occur  to  cast  doubt  on  the  value  of  the  connection  between 
enter  part  and  the  two  outer  consoles  of  a  beam  and 
rablj  reduces  tie.  effective  width  of  span  of  the  center 
part.  For  this  reason  it  is  very  doubtful  whether  the  con- 
tinuity, or  better,  the  homogeneity  of  a  beam  is  maintained 
constant  until  the  rupture  point  is  reached. 

Loads  may  he  added  or  laki  i  away  Hum  the  sides  without 
in  any  way  affecting  the  center.  The  beams  examined  had, 
through  their  walls,  sevenfold  the  bearing  capacity  of  the 
freely  supported  beam  when  with  skews  and  fourfold  when 
without  skews,  instead  of  only  a  threefold  increase  as  would 

I xpected  according  to  theorj     Hence  a  beam  which,  when 

freely  supported,  may  rightly  have  a  span  of  say  100  and 
which,  when  perfectly  fix.   :  1(1,  would  allow,  accord- 

ing to  theory,  an  increase  of  the  span  to  173,  would,  according 
to  the  tests  mentioned  above,  allow  a  span  of  200  and  265 
respectivelj    with   and  without  skews. 

These  tests  prove  that  without  kews  the  bearing  distance 
of  the  center  is  reduced  by  about  half  and  by  aid  of  skews 
by  about  one-third;   this   g  possibilities  of  economic 

importance  of  which  full  advantage  should  be  taken  in  the 
present  shortage  of  iron  for  considerably  reducing  the  costs 
of  building. 

There  are  very  few  analogous  tests  on  arches  and  thnse 
are  not  to  the  point,  like  the  older  tests  with  beams.  On  the 
other  hand,  in  the  tests  described  above,  the  beams  may 
be  practically  considered  as  flat  arches  of  about  1  :  20  and 
so  permit  of  conclusions  for  flat  arches  to  be  drawn  which 
apply  to  the  importance  of  skews  or  enlarged  ends,  which 
was  never  sufficiently  appreciated,  and  it  is  probable  that 
without  the  foregoing  tests  they  would  never  have  been 
considered  anything  other  than  a  luxury  to  be  indulged  in 
only  by  a  particularly  careful  engineer  or  contractor.  Direc- 
tions tor  the  use  of  skews  have  never  been  published  and 
their  effect    bus   never  been  properly  considered. 

The  Problem  of  Skews.  To  l<  ar  up  this  question  the 
experiments  described  were  und  rtaken  by  the  Austrian  com- 
mittee for  concrete-steel  construct  inn.  The  beams  had  skews 
of  three  sizes,  1'10,  %  and  >,  ol  the  -pan.  The  smallest 
skews  of  10  in.  and  only  8  in.  height  had  a  small  effect  and 
there  was  a  weak  point  betwei  d  the  beam  and  the  skew.  The 
medium-sized  skews  20  8  gavi  excellent  results.  The  large 
skew  40/16  increases  the  carryinj  capacity  to  such  an  extent 
that  the  available  load  was  not  sufficient  to  secure  the  de- 
struction of  the  beams  The  .  ffect  of  skews  on  arches  would 
have  to  be  ascertained  by  a  similar  tests,  which  would  also 
show  the  dimensions  to  be  chosen  in  order  to  obtain  a  definite 
result  by  a  reduction  of  the  span.  At  present  it  is  necessary 
to  rely  mainly  on  guesswork.  In  the  lipht  of  these  facts  it 
would  have  been  better  to  provide  the  abutments  of  the 
Schwarzenborg  bridge  with  stronger  skews  as  shown  in  Fig. 
11.  The  projection  of  these  skews  would,  in  accordance  with 
the  tests,  be  51  :  17  =  3  yds.  The  change  of  moments  causes 
an  altered  course  of  mom  rtia  and  brings  about  a 


Fig.  9. — Mushroom    Flooring. 

QUlatlon   of   moments   of   inertia   so   that  the  part, 

which  in  theory  can  be  limited  bj  a   loinl  and  which  statically 

the  (.titer  part  ol  the  arch    can  be  pushed  farther  out. 

thus  made  post  Ible  for  an  arch  of  140  ft    clear  span  to 

bearing  center  of  only  about  one. third,  i.e.,  50  ft.  span. 

Memager's   Tests    with    Polarized    Light.— Further   support 

contention  is  found  in  the  i  jpi  rlmenta  carried  out  by 

\I.    Mesnager,*   the  manager  of  the   experimental   laboratory 

•Annali  ■    '  j ■    ■    ■  ■  '    ■'    ,v-   1'11'1     Afl, ex" 

!,..   i  u    .i    Pollvka,  wai  Beton  una  lidsen. 

1317,  page    103. 
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in  Paris  with  a  model  in  ?;lass  (Pig  mm  of  a  bridge  designed 
i,v   ii.  .,  i    Rhone   in.' i    Balme   with  a  320   m. 

span  which  was  carried  out   in  1916  ami  which  followed   in 
form  tiio  Minneapolis  bridge,    in   the  glass  model  examined 
under  polarized   llghl    t>>    Mesnager,  the  course   ol    thi 
line   was  shown  as  a   broad  black  strip  which   clearly   marks 
th"    platea    where    a    Change    took    place    ami    shows    that     lh.' 

conditions  in  fixed  arches  are.  throughout,  similar  to  those 
ol  a  fixed  beam.  My  tixing  an  arch  and  by  the  use  of  skews 
at  the  point  of  fixation  a  reduction  of  the  span  of  the  carrying 
structure  takes  place  which  must  necessarily  be  followed  by 
a  considerable  increase  in  the  carrying  capacity  of  the  arch, 
a-  was  proved  1>\  the  tests  of  the  Austrian  Committee  on 
Concrete-Steel   Construction. 

1'mler  such  conditions  the  actual  carrying  structure  of  the 
arch  is  confined  to  the  center  of  the  arch,  and  a  connection 
exists  between  these  consoles  and  the  centi  i  arch  acting  in 
the  same  way  as  if  a  joint  were  placed  there  The  difference 
.■n  a  joint  proper  and  this  arrangement  consists  in  the 
tacl  that  with  an  actual  joint  the  changes  in  form  are  con- 
rated  in  one  point,  whereas  with  the  proposed  arrange- 
no  nt  the  permanent  changes  of  form  of  the  concrete  arch  at 
the  point  can  be  utilized  to  distribute  the  necessary  twisting 
tendency  over  a  large  portion  of  the  arch. 

The  supposed  free  support,  hinge  or  continuity  with  support 
on  one  point  only,  is  not  in  accordance  with  the  actual  con- 
ditions with  a  concrete-steel  structure  because  the  connection 
e  span  to  the  other  or  to  the  abutment  does  not  depend 
only  upon  the  elasticity  or  rigidity  of  the  connection,  but  also 
upon   the   permanent  change   of  form   in   the   concrete.    The 
axis  of  the  structure  at  the  points  of  greatest  stresses  has  a 
broken  form  which  is  followed  by  a  full  change  of  its  statics. 
Attention  may  also  be  called  to  a  further  gap  in  our  knowl- 
edge of  reinforced  concrete  trusses,  which  is  the  reciprocal 
a  of  the  permanent  change  of  form  of  the  concrete,  and 
which  is  taken  up  by  the  steel  rods.    This  supposed  statical 
arrangement  of  joints  by  no  means  corresponds  to  the  pro- 
visional joints  mentioned  earlier  which  have  to  be  placed  in 
proximity  to  the  abutments,  and  can  be  closed  up  after 
all  secondary  tensions  have  ceased,  and  so  have  to  be  con- 
structed sufficiently  strong  that  this  fixation  is  not  interfered 
with. 

Minor  Importance  of  Live  Load  on  Large  Arches. — In  con- 
sidering the  construction  of  arch  hips  and  how  they  may  be 
built  so  as  to  admit  the  use  of  wider  spans,  and  thus  to  make 
a  more  extensive  adoption  of  concrete  arch  bridges  possible, 
it  is  Decessary  to  keep  in  mind  the  fact  that  the  deadweight 
of  the  bridge  is  the  chief  factor  for  the  size  of  arches  of  large 
span,  and  the  carried  load  is  of  such  little  importance  that 
a  change  in  it  does  not  necessitate  a  complete  reconstruc- 
tion, as  with  steel  bridges,  but  only  a  small  and  frequently 
quite  insignificant  extension  of  the  permissible  load.  This  is 
a  fact  of  great  importance,  particularly  for  railways,  as  heavy 
arched  bridges  are  specially  suitable  for  rail  traffic.  In  con- 
structing a  massive  arch  economically  the  chief  task  is  to 
reduce  as  far  as  possible  the  deadweight  of  the  permanent 
way  and  the  supporting  structure.  For  the  latter  it  is  well 
to  choose  a  rib  arch  and  to  reduce  the  weight  of  the  center 
of  the  arch  as  far  as  possible. 

Straightening  the  Crown. — To  provide  a  substitute  for  the 
crown  joint  it  is  necessary  to  construct  the  center  of  the 
arch  on  such  slender  lines  that  the  reduction  of  the  moments 
of  inertia  replaces  a  joint  which  would  have  to  take  up  the 
changes  of  temperature.  This  requirement  is  in  accordance 
with  those  of  aesthetics  which  equally  demand  a  slender 
construction  in  the  center  of  the  arch.  This  is  made  possible 
by  constructing  the  center  of  a  particularly  resistant  material 
for  which  there  are  three  possibilities: 

1.  The  use  of  cement  of  the  best  quality  and  well  graded 
concrete  of  high  strength. 

l'.  The  adoption  of  "hoopings"  which  give  a  high  resistance 
to  strains. 

3.  The  use  of  cores  of  cast  iron  or  stone  of  high  resistance 
to  pressure.  Unfortunately  these  three  aids  cannot  always  be 
combined. 

Tests  have  proved  that  if  structures  are  made  of  different 
qualities  of  concrete,  but  with  the  same  hooping,  the  effect 
of  the  latter  will  be  enormous  with  poor  concrete,  and  quickly 
diminish  as  the  quality  of  the  concrete  improves.  The  effect 
of  the  hooping  with  concrete  of  the  best  quality  is  practically 
negligible.  Tests  published  in  Beton  und  Eisen,  1920,  show 
that  with  a  %  per  cent  hooping  an  increase  in  breaking  strain 


of  132  per  cent  was  obtained,  with  an  aggregate  of  1,918  lb. 
per  sq.  in.,  but  this  Increase  only  showed  38  per  cent  with  a 
concrete  of  3,052  lb.  per  sq.  in  Heme,  with  concrete  of  4,200 
lb.  per  sq.  in.  crushing  strength  the  increase  resulting  from 
the  use  of  hooping  would  be  less  than  10  per  cent  which  may, 
for  practical  purposes,  be  neglected.  The  use  of  a  stronger 
hooping  naturally  makes  it  possible  to  further  increase  this 
difference.  Imt  a  limit  is  soon  reached  in  practice,  so  that  the 
idea  of  providing  large  arch  sections  with  hooping,  and  ob- 
taining by  these  means  a  considerable  increase  of  strength 
over  and  above  the  strength  of  best  concrete  is  not  worth 
consideration.  Kngineers  have  either  to  be  satisfied  with  the 
high    figures    claimed    for    first-class    concrete    or — and    this 


appears  to  be  the  more  reliable  way — to  increase  the  resist- 
ance of  ordinary  concrete  by  means  of  hooping.  Such  hooping 
requires  an  easily  compressible  concrete,  because  its  effect 
only  comes  into  play  as  a  consequence  of  the  compression, 
i.  e.,  by  the  lateral  expansion  of  the  compressed  body.  First- 
class  concrete  is  brittle,  and  it  is  not  very  suitable  for  hoop- 
ing. No  one  can  rightly  deny  the  possibility  of  manufacturing 
concrete  of  the  homogeneity  required  in  building  operations, 
but  this  is  always  a  difficult  matter.  Moreover,  the  brittle- 
ness  of  the  material  is  a  weighty  reason  for  its  refusal.  These 
qualities  are  a  disadvantage  chiefly  in  cases  where  the  struc- 
ture has  to  withstand  certain  changes  of  form,  for  instance, 
in  house  or  factory  construction,  in  mining  work  and  in  the 
erection  of  forts.  It  is,  however,  unavoidable  in  all  cases  of 
building  construction,  and  in  some  it  is  helpful  if  the  material 
adapts  itself  to  a  certain  extent  to  taking  up  supplementary 
stresses. 

The  crown  sections  of  the  bridge  in  Treptow  and  of  the 
Hindenburg  bridge  in  Breslau  in  which  wire  hooped  cores 
were  used,  were  tested  for  crushing  strength  at  the  official 
testing  institutes  at  Berlin  and  Dresden. 

Column  Tests  of  Crown  Reinforcement. — Columns  of  16  in. 
diameter  and  6  ft.  8  in.  length  were  tested  in  Dresden  in  the 
year  1916.  One  of  the  columns,  made  of  concrete  which  had 
a  strength  of  1,554  lb.  per 
sq.  in.  and  without  cast  iron 
showed  cracks  at  175  tons 
pressure,  and  reached  a 
*"  breaking  load  of  188  tons, 
corresponding  to  an  increase 
of  resistance  of  66  per  cent. 
The  same  column  with  10 
per  cent  of  cast  iron  showed 
fine  cracks  at  450  tons,  and 
reached  a  limit  load  of  960 
tons,  under  which  it  did  not 
collapse,  but  only  gave  way 
_Skew-  gradually.  This  corresponds 
idge.  to  a  fiVef0i(j  increase  of  car- 
rj  in?  capacity,  and  a  saving  in  deadweight  of  four  times  in 
comparison  with  a  section  reinforced  with  cast  iron,  and  one 
with  hooped  concrete.  The  same  results  were  shown  by  exper- 
iments with  hooped  stone  core.  Concrete  of  3,178  lb.  per  sq. 
in.  attained  by  means  of  the  hooping  4,816  lb.  per  sq.  in.,  or 
an  increase  of  38  per  cent  till  the  limit  of  load  of  180  tons 
was  reached.  By  inserting  a  12  per  cent  stone  section  a  lead 
limit  of  276  tons  was  obtained.  Hence  by  means  of  the  insertion 
of  cores  resisting  high  pressure  it  is  possible  to  reduce  the 
dimensions  of  the  center  arch  considerably,  and  to  decrease 
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Eccentric  Loads.    Of  ^t ill  greater  Import  ince  tor  arch  con- 
struction are  the  tests  made  with  eccentrl fls,  which  are 

atlvelj    ran     They  enable  th< 

;■.  upon  pari  of  the  ion',  even  If  tin  e ceded 

through  the  eccentricity.    A  column  with  2  i    In    eccentricity 
owed  a  breaking  load  ol    I  ii 

breaking  load  between  .i  plainly  hooped  column 
and  one  with  cores  of  high  resistance  remains  the  ame  and 
exceeds  it  by  more  than   Ave  times     Hence    such   pr< 

rtlcularly  BUltable  for  eccentric  forces,  and  make 

it  possible  i"  leave  a  wider  margin  for  placing  the  outermost 

•   •    reason   whj    eccentric   tests  con- 

ducted    with   crown    sections    ol    rariou      bridges   give     uch 

nt  results. 

When  an   arch   reinforced   in   the   center   with   a  cast  iron 

core,  built  of  a  concrete  of  about  2,800  lb    per  sq.  In.  with  a 

Iron  of  about   11L'. I  lb.  pi  r  sq.  in.  resistance  to 

th  hold  tightly  together  by  means  of  the  hooping, 
is  considered  the  converting  ti ^; u i-« ■  of  I"  at  the  moment  of 
rapture  will  result.  This  co-operation  is  arrived  at  In  such  a 
way  thai  the  modulus  of  elasticity  first  set  In  during  the 
admissible  loads  In  the  proportion  of  7.6  which  then  grows  to 
4ii  with  the  Increasing  load  until  the  rupture.  The  whole 
range  of  temperature  takes  place  exclusively  within  the  limit 
of  the  admissible  margin  so  thai  the  figure  ~~<  only  comes 
into  consideration  for  ihese  increased  temperature  stresses, 
whereas  for  the  safety  of  the  building  construction  the  further 
effect  of  Hi'-  cast  iron  which  is  five  times  more  is  at  disposal. 
Hence  the  crown  of  comparatively  little  stiffness  only  re- 
leases small  effects  of  temperature  and  an  arch  with  an 
arrangement  of  moments  of  inertia  which  acts  similarly  to  a 
•  rown  binge  with  regard  to  temperature. 

This  point  of  view  permits  an  economic  form  of  the  carry- 
ing structure  ol  the  arch  and  baa  been  adopted  on  various 
bridges  and  extended  to  the  designs  of  the  abutments,  al- 
though nearly  all  of  them  consisted  of  pile  foundations.  This 
lined  bj  the  tact  that  the  constructions  so  far  com- 
pleted nearly  always  had  to  compete  against  girder  systems 
and  were  to  be  carried  in  a  soil  where  no  one  had  ever 
intended  to  erect  an  arch.  Those  cases  which  appeared  suit- 
able for  arch  ken  up  at  the  outset  by  government 
or  local  men  who  relied  upon  the  older  proved  methods  with- 
out consideration  of  economy  and  technical  advancement,  and 
also  upon  the  principle  that  an  arch  must  be  all  the  better 
the  more  ungainly  it  appears  to  the  eye! 

A  Proposal  That  Encountered  Difficulties.--The  proposed 
bridge  over  the  Arstabaj  was  the  subject  of  an  important  de- 
cision: the  jury  for  the  competition  for  a  bridge  design  with 
an  arch  of  600  ft.  span  has  freely  acknowledged  the  technical 
uniform  solution  proposed  on  the  lines  mentioned  above  and 
has  said  distinctly  that  this  one  made  the  best  general  im- 
pression of  all  the  designs  submitted.  Unfortunately  it  was 
not  given  the  first  place  in  other  respects  as  well.  On  the 
basis  of  the  given  span  the  largest  of  which  so  far  is  407 
ft.  it  was  said  that  a  span  of  600  ft.  would  represent  too  big  an 
advance.  Yet  Professor  Linton's  design  has  an  arch  of  only 
320  ft.  resting  upon  two  consoles  of  120  ft.  each.  It  is,  there- 
fore, nothing  extraordinary  as  the  consoles  have  the  character 
of  supplementary  abutments.  Professor  Linton  has,  in  fact, 
Bl  such  doubts  apart  from  the  fact 
that  the]  would  have  no  weight  even  if  they  were  correct, 
difficult  it  is  for  technical  progress 
to  go   aheai:  a   so   excellent   a  Lineers 

the  further  devel- 
n  traction,  for  by  such  .-,  decision  the  erec- 
tion nt  arched  bridges  i-  naturally  confined  to  cases  where 
i  foi   construction  Is  available.    Tb 
"iition   w  In  :  ■  lenl    height, 

■    nnot  utilize  such  heights.    The  devel- 
ctlon  demands,  however,  the  use  of 
Wide  span  and   fiat  arches   so 

■ 
follow 

1    The  construction  should  be  made   In   the  form  of  a  two- 
arch  with  temporary  Joints  for  the  purpose  of  taking 

■•  '  ''titers. 
be  finished  structure,  however,  should  represent  a  fixed 


arch  with  wide  reaching  coi  o         to  reduce  the  clear 

span  of  the  arch  proper  as  much  as  possible. 

The  anh  proper  is  to  bi    constructed  of  such  slender 
dlmenslons  with  the  aid  ol  a  looped  section  and  a  core  of 
high  resistance  that  a  minimum  bl  deadweight  and  the  least 
of  changes  of  temperature   Is  attained. 

i.  The  centering  of  the  anh  mu  i  have  the  character  of  a 
proper  i  rection  Bcatfolding. 

:,.  The  abutments  must  Ically  constructed. 

if  ail  these  suggestions  are  carefully  eonsidered,  th< 
no  doubl  that,  with  the  pre  ent  prices  ol  steel,  massive  arch 

bridgee  will  be  utill  d  t •  ■  for  wide  spans,  as  they 

adapt  themsel  nlc  conditions,  to  the  further  devel- 

opment ..I  i  oncrete  arches. 

With  the  hiKh  cost  of  steel  bridges  the  chief  obstacle  is 
removed,  and  it  is  to  be  hop.  d  that  in  future  the  demand  for 
architectural  beauty  In  bridge  con  truction  will  once  more 
make  Itself  felt.  The  fine  carrying  line  of  the  fixed  arch  with  its 
slender  crown  corresponds  to  our  aesthetic  feeling  and  satisfies 
both  architects  and  engineei  dike  by  the  clear  expri 
of  Its  purpose  Bridges  with  an  arch  and  suspended  roadway 
i  attain  this  Ideal  o  read  Ij  though  it  can  be  done  in  a 
satisfactory  manner. 


A  Remarkable  Dredger 


Four  Bows  and  Six  Suction  Frames 

From   The  London   Tlmi-s   Supplement,    March    18,   1922. 

A  dredger  recently  launched  by  Messrs.  William  Simons 
and  Co.,  Renfrew,  is  of  a  new  kind,  and  is  believed  to  be 
unique  among  vessels  of  any  kind.  The  vessel,  named  Ron- 
aldsliay,  is  of  the  cutter,  ki ion-pump,  reclamation  type, 
and  has  been  constructed  for  the  Government  of  India  for 
dredging'  the  shallow  rivers  in   the  province  of  Bengal. 

The  principal  and  most  peculiar  feature  is  that  there  are 
four  complete  and  distinct  hows  In  the  three  open  wells 
formed  by  these  bows  are  carried  three  suction  frames,  each 
of  which  has  two  suction  orifices  and  two  rotary  cutters  ar 
ranged  to  work  in  advance  of  the  suction  nozzles.  There 
will,  therefore,  be  six  cutteri  disintegrating  the  clayey  mate- 
rials of  t he  rivers  and  six  suction  nozzles  drawing  the  mate- 
rials up  for  discharge  through  a  pipe  line.  Each  pair  of  cut- 
ters is  driven  by  bevel  and  spur  gearing  from  an  Independent 
four-cylinder  tandem  compound  engine.  The  suction  frames 
are  designed  to  dredge  to  a  depth  of  30  ft.  under  water,  and 
are  controlled  by  steam  hoist  gear  and  wire  rope  tackle,  so 
that  the  frames  may  be  raised  or  lowered  independently  or 
conjointly  as  required. 

The  two  centrifugal  pumps  are  each  driven  by  an  inde- 
pendent set  of  vertical  triple-expansion  engines,  and  the 
dredged  materials  will  be  discharged  direct  from  the  pumps 
through  a  floating  pipe  line  600  ft.  in  length  and  4U  in.  in 
diameter.  The  pipe  line  will  be  raised  by  a  terminal  pon- 
toon to  a  In  light  of  25  ft.  above  water,  level  and  the  material 
will  be  finally  discharged  over  the  canal  bank  to  a  distance 
of  150  ft.  from  the  centre  of  Hie  terminal  pontoon.  The  float- 
ing discharge  pipe  will  consist  of  11'  circular  pontoon 
can  yini-;  a  42  in.  pipe  50  ft.  in  length,  and  all  coupled  to- 
gether by  special  ball  and  socket  connections.  The  vessel, 
which  will  dredge  at  one  cutting  a  canal  or  channel  45  ft.  in 
width  at  the  bottom,  has  been  e  illy  designed  for  opening 
up  new  waterways  and  Increa  Ing  the  depth  of  shallow 
canals  or  rivers. 


Broken  Brick  as  Concrete  Aggregate  Resist  Fire. — Concrete 
slabs  composed  mainly  of  broki  n   bricks   have  come  through 

severe  fire  tests  successfuih .  t   of   Interest   to  all   con 

corned   in   c -rote   construction    because    broken   bricks  arc 

cheap  and,  as  a  rule,  easily  obtainable      The   broken   brick, 
tested,  consisted  of  broken  brick  in  the  following  propot 
37  per  cent  rubbish.    10   per  cent    flint,   and   .",::   pel    cent    ot 
brick.    This  was  picked  ovei  and  an  analysli   of  the  material 
actually  used  gave  n  pei  cent  n  percent  of  flint 

pehhlos,    and    7.x    per  cent    of   hi  follows: 

Broken   brick.   4;    sand,   _:    cement,    1.     Thi  ..rally 

speaking,  were  5%  in.  thick.     It        pointed  out  that   if  broken 
old  bricks  are  used  it  is  essential  that   thej    Bhould  tie  tlmr 
oughly  cleaned   from  all   lime,    mortar,  and   other  rubb 
Municipal  Engineering  and  The  sanitary  Record,  London 
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Color  Light  Signal  Developments  on 
British  Railways 

Committee    Finds    That   Color    Light   Type  with 

Separate  Lenses  for  Each  Color  Indication 

Could  be  Arranged  to  Meet,  as  Far  as  Can 

Be  Seen,  All  Conditions  Now  Covered 

by  the  Semaphore  Type 

From   The    Railway   Engineer,    tendon. 
On   Julv   27,    1921,   the    Minister   of   Transport  appointed   a 
committee    on    Light    Signals   with    the    following    terms    of 
reference: 

investigate  the   potentialities  of  light   signals  on 
British  railw  aj  B. 
■  in  To  examine  light  signals  under  trial,  and  recommend 
tor  further  trial  or  scientific  investigation  any  de- 
vices which   are  or  may   during   investigation  be- 
come a\  ailable. 
(iii)   To  form  conclusions  in  regard  to  economies  to  be 
obtained  al  various  locations,  to  draft  outline  speci- 
fications for  design,  to  consider  energy  supply  and 
to  present  a  report. 
The  report  of  the  Committee  has  recently  been  published 
and  an  important  opinion  is  expressed  as  to  the  possibilities 
of  color  light   Signals.    We  reprint   the   report    in   full. 

Report  to  the  Minister  of  Transport. — In  accordance  with 
the  directions  contained  in  the  minute  of  constitution  the 
Committee  have  investigated  the  potentialities  of  light  sig- 
nals, and  they  have  pleasure  in  reporting  that  definite  and 
unanimous  conclusions  have  been  arrived  at  on  this  subject. 
It  was  realized  from  the  outset  that  the  subject  must  be 
-led  from  two  aspects,  one  being  the  broad  question  as 
to  whether  light  signals,  in  some  known  form,  could  in  gen- 
eral answer  the  purposes  for  which  the  semaphore  form  of 
signal  is  now  used,  and  the  other  to  ascertain  the  host  and 
most  suitable  form  or  type  of  light  signal  now  existent.  In 
pursuing  the  subject  it  has  been  borne  in  mind  that  light 
signals  as  known  today  have  not  yet  reached  finality  of  de- 
sign, and  in  putting  forward  their  views  the  Committee  have 
done  so  with  the  idea  of  helping  progress  in  this  important 
subject  by  making  recommendations  which  are  as  elastic  as 
possible.  At  the  same  time  endeavor  has  been  made  to  elim- 
inate points  which  have  been  found  unsatisfactory,  and  to 
prevent  ground  being  retrodden  which  has  already  been  ex- 
plored and  found  unproductive  of  satisfactory  results 

The  Committee  are  indebted  to  the  directors  and  the  man- 
aging officers  of  the  Liverpool  Overhead  Railway  Company 
for  the  facilities  given  to  inspect  the  color  light  signals  in- 
stalled on  this  line.  The  signals  were  seen  during  brilliant 
sunshine,  and  when  the  sun  was  immediately  behind  and  also 
in  front  of  the  signals,  and  it  was  noted  that  signals  over 
1.000  yards  distant  were  distinctly  visible  in  these  conditions. 
The  Committee  were  also  favored  with  an  opportunity  to  in- 
spect an  experimental  position  light  installation  at  Wimble- 
don (London  &  South  Western  Railway),  the  conditions  as 
regards  sunlight  being  the  same  as  at  Liverpool.  The  Com- 
mittee was  satisfied  in  each  case  that  the  degree  of  visibility 
of  light  signals  in  daylight  was  efficient,  and  would  meet 
practical  requirements. 

Color  Light  and  Position  Light  Signals. — The  two  main 
types  of  light  signals  at  the  present  time  are: 

(a)  Color  light,  in  which  indications  are  given  by  the  use 

of  the  same  colors  as  are  employed  today,  viz.,  red. 
green  and  yellow. 

(b)  Position   light,  in  which  indications  are   given   by   a 

series  of  white  lights  which  simulate  by  their  ar- 
rangement the  various   positions  taken    up    by    a 
semaphore  arm,  viz.,  horizontal  for  danger,  and  in- 
clined or  vertical  for  warning  or  clear  respectively. 
The  Committee  is  of  the  opinion  that  the  color  light  type 
with  separate  lenses  for  each  color  indication  offers  marked 
advantages  over  the  position  light  type  on  the  one  hand,  and 
light  signals  with  moving  mechanism  on  the  other;   and  that 
the  first-named  is  the  most  suitable,  and  the  most  likely  to 
commend  itself  for  adoption  on  British  railways,  both  from  a 
practical  point  of  view  as  well  as  being  cheaper  in  first  cost 
and  maintenance.     All  further  discussionss  and  recommenda- 


leal,    therefore,    wit  mer  color  light    type   of 

signal.  The  Committee  is  also  of  opinion  that  this  type  nt 
signal  could  he  arranged  to  meet,  as  far  as  can  be  seen,  all 
conditions  now  covered  by  the  existing  semaphore  type. 

The  question  of  COStS  has  1 D   bj    no   mean-    :m  easj    one 

in  tin-  first   place,  the  Committee  appreclati      that   comparl 

sons   are    being    made    with   costs   of   manual    and    power   signal 

apparatus,  which  years  of  experience  in  competitive  ami  hulk 
manufacture  have  reduced  to  a  minimum,  and  on  the  other 
hand  costs  for  light  signals  are  being  based  on  much  shorter 
experience  and  on  manufacture  In  small  quantities,  anyhow. 
in  so  far  as  this  country  is  concerned;  but  it  is  anticipated 
that  with  further  experience  and  manufacture  in  greater 
quantities  the  cost  of  I  he  light  signals  can  be  considerably  re- 
duced in  the  future 

Comparative  Installation  Costs. — The  Committee  has  been 
faced  with  the  difficulty  as  to  what  would  be  fair  comparative 
installations  on  which  to  base  costs.  In  the  case  of  a  com- 
parison between  an  isolated  manually  worked  semaphore  if 
nal  at  a00  yards,  and  a  color  light  signal  at  the  same  distance 
from  the  signal  cabin,  there  is  probably  little  difference  in  tin- 
costs  of  installation  and  maintenance.  The  determining  fac- 
tor in  a  comparison,  however,  is  not  the  length  of  track 
equipped,  but  the  density  of  signals  per  mile;  and  the  greater 
this  is,  the  greater  the  probable  saving  in  favor  of  light 
signals.  It  should  be  observed,  moreover,  that  the  use  of 
color  light  signals  includes  most,  if  not  all,  of  the  advantages 
obtained  from  power-worked  semaphores  (whether  automatic 
or  non-automatic)  at  a  considerably  lower  cost.  For  the  fore- 
going reasons,  the  Committee  considers  that  the  financial  ad- 
vantages to  be  obtained  from  color  light  signals  apply  more 
particularly  to  congested  districts  where  power  is  available, 
and  especially  in  large  station  yards  and  terminals;  and  that 
for  sparsely  signaled  areas  the  advantages  of  the  light  signals 
can  be  obtained  with  little  difference  in  cost  as  compared 
with  mechanical  semaphores. 

Further  economies  will  be  obtained  in  that  lighter  and 
cheaper  structures  could  be  employed  in  the  case  of  gantries 
and  overhead  bridges;  dolls  and  post  on  such  bridges  would 
not  be  required;  help  weights  and  similar  mechanical  appli- 
ances for  easing  the  signalman's  work  would  be  dispensed 
with;  and,  broadly  speaking,  the  advantages  of  power-worked 
signals  obtained  at  a  lower  cost.  Signals  could  be  mounted 
on  simple  posts  in  cuttings  or  confined  locations,  where, 
owing  to  insufficient  space,  an  overchanging  reversed  type  of 
bracket  post  would  be  required  in  the  case  of  a  semaphore 
arm  In  many  cases  the  height  of  signals,  particularly  on 
signal  bridges  and  with  bracket  signals,  could  be  4  to  5  ft. 
less  with  the  light  signal,  because  the  extra  height  which  is 
now  necessary  for  the  operation  of  the  semaphore  arm  in  the 
lower  quadrant  could  be  dispensed  with.  Further  economies 
in  material  and  saving  of  effort  could  be  obtained  when  deal- 
ing with  slotted  signals. 

Fog  Repeater  Signals  Might  Be  Abolished. — The  obviously 
greater  penetrative  power  of  the  light  signal  type  of  lamp. 
showing  as  it  does  a  focused  beam,  makes  it  superior  in  fog 
to  the  long  burning  oil  lamp  in  general  use.  This  appears  to 
offer  economies  by  avoiding  the  use  of  fog  repeater  signals 
which  might  otherwise  be  necessary,  under  certain  conditions. 

The  committee  are  of  the  opinion  that  a  multiplicity  of 
types  and  sizes  of  light  signals  should  be  avoided,  and  con- 
sider that  three  should  be  sufficient  to  cover  all  requirements, 
namely: 

(a)  Running  signals — long  range. 

(b)  Running  signals — short  range. 

(c)  Shunting  signals. 

In  (al  the  signal  to  be  visible  at  a  maximum  distance  of 
800  yards  in  bright  sunlight,  assuming  a  5  degree  dispersion 
of  the  light  beam.  This  condition  can  be  met,  at  present,  with 
a  consumption  of  about  25  watts  per  signal  lamp.  With 
regard  to  (b)  the  committee  consider  that  it  would  be  prefer- 
able for  the  signal  mechanism  and  case  to  be  identical  with 
(a),  but  that  a  smaller  lamp  (i.e.,  less  candle  power)  should 
be  used  to  suit  local  conditions.  In  the  case  of  (c)  the  signal 
could  be  modified  to  the  extent  of  a  smaller  lens,  lower  candle 
power  lamps,  and  wider  dispersion  of  the  light  beam. 

In  the  case  of  conditions  of  curvature,  etc.,  which  affect  the 
continuous  sighting  of  the  signal,  the  committee  consider  that 
any  difficulties  can  be  dealt  with  as  they  arise  by  increasing 
the  candle  power  of  the  lamp,  and  the  dispersion  of  the  light 
beam.    With  regard  to  general  visibility  of  the  signals,  the 
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committee  consider  thai   it   is  necessao    for  the  iighl   beam 
inged  tliiit  it  will  be  in  a  driver's  B(  id  ol   vie* 
from  the  sighting  point  tl 

signal  itsell    On  gantries  and  brld  of  the  signals 

lower  than  with  semaphore  arms,  the  m 
o    being   Boor   level,   using   it    possible   the   gantry    or 
bridge  as  a  background. 

A.C.   Supply    Recommended.— Willi  "••     question 

•ht.  the  committee  are  ■•;  the  opinion 
lhal  electricity  is  tin-  onlj   practical  and  economical  d 
Ing  with  the  matter.   Alternating  currenl  Bupplj 

aabling 
power  to  l»-  distributed  more  economically  due  to  nigh  vo 
transmission,  and  a   low  voltage  Bupply   to   be  given   to  the 
signal  lamps  by  means  of  a  simple  transformer. 

ommlttee  wish  to  emphasize  the  n<  i 
iamp   ,.-  .-     type,    >ii   ordei    to  procure   the   ntmosl 

efficiency  ol  the   light   beam.    These   lamps   are  today   more 
readily  procurable  ror  operation  on  low   voltage. 

The   committee   are   ol    the   opinion   thai    power   could    be 
transmitted,  using  the  ordinary  telegraph  and  telephone  pole 
hues,  up  to  260  volts  with  braided  conductors,  and  2,200  voll 
on  a  suspended  cable.   The  comi  also  of  the  opinion 

that   the  use  of  primary    and   secondary   batteries  is  not  an 
oi  Isolated  signals,  and  that  the  chief 
advantaged  bU    would  be  when  used  as  a  standby 

to  the  general  power  Bupply. 

The  absence  of  a  standard  frequency   is  to  he  deplored.  The 
committee  are  of  the   opinion   that    frequencies  of  25  and  60 
are    the    mosl    suitable.     Frequencies    lower   than   25 
of   apparatus,   and.   above   60,   the   cost   of 
\n>    contact-making  devicei    toi    completing  circuits 
n   of   light  signals  as  are   now   in  use  for  power- 
d    signaling    could    be    employed.     The    provision    of 
1  backgrounds  does  not  appear  to  be  necessary. 
The   committee   point  out   thai    it   will   be   necessary    with 
this  type  of  signal  to  resort  to  electrical  means  for  detecting 
the  signals  through  switch  points  in  cases  where  such  detec- 
tion is  required. 

Indications  of  Signals.— With  regard  to  the  indication  of 
the  signals  in  the  cabin,  the  committee  recommend  that  this 
Bhould  be  accomplished  in  such  a  manner  that  it  proves  that 
t  is  actually  passing  through  the  focus  lamp  in  the 
Blgnal,  and  also  shows  which  particular  lamp  (red,  green  or 
yellow,  as  the  case  may  be)  is  energized.  It  is  considered  that 
tie  lamp  type  of  repeater  is  preferable  to  the  instrument  type 
for  this  purpose. 

Having   considered   the   question   of   drafting   specifications 

for  design,  the  committee  are  of  opinion,  for  reasons  already 

sed  in  paragraph  (2),  that  any  specification  should  be 

a     broad  as  possible,  and,  further,  that  any  departure  from 

•  nrse  would  perhaps  have  a  hampering  rather  than  a 

helpful  effect  on  this  important  question.    The  optical  system 

is  the  most  important  factor  in  the  design,  and  the  committee 

limit  themselves  to  observing,  in  this  connection,  that  with 

resent   state   of   knowledge,    lenses   alone   offer   certain 

advantages   and   appear  preferable  to  reflectors  or  combina- 

of   reflector   and    lens,   as   the   production   of   phantom 

indication  is  less  likely  to  occur  with  the  lens  alone.    It  is 

axiomatic  to  sttae  that  the  trend  of  design  must  be  to  find 

i   projecting  in  the  beam  the  maximum  percentage 

■    light  supplied  by  the  source  of  illumination,  and  it  may 

tresi  ar«h  into  this  question  will  produce  methods 

whereby  tie-  maximum  projection  efficiency  will  he  obtained 

ombinat!  th  the  lens,    ■ 

Introducing  reducing  the 

impl  ■■     ■■■  bJch  Is  req 

of  lens 

■    of  snow  or 
I     i   , 

tter  of  the  b  ,  and  to 

rds   Associate"  una.    It 

ag  of  the  lamps  Bhould  Include 

■  i|i  in  all  directions,  in  order  to 

Range  of  Visibility-  II 

lamp  hums  out  or  I  ould  not 

thougl     I       ould Sent  that 

•  I     This  condition  can  be  met   by   the 


provision  ol  a  Btandb)  lamp  located  in  close  proximity  to  the 

focus  lamp,  this  standi  y  lamp  being  energized  on  all  occasions 
when  it     locus  lamp  should  be  alight.    To  eliminate  as  far  as 

tailur ton,  lamps,  they  should  be  run  below  their 

rated  voltage    The  range  ol  ^  Ibilitj  of  the  signal  with  the 

standby    lamp    burning    aloni       liould   not   be   less    than    10 

cent  of  the  range  given  bj  the  focus  lamp,  or  820  yards  in 

bright  sunlight. 

As  it  is  desirable  that  the  number  of  contacts  in  any  . 
should  be  reduced  to  a  minimum,  the  committee  BUgge  I   tie 
consideration  of  some  system  whereby  the  circuit  by  which 
the  red  lamp  is  energized  I     never  broken. 

The  committee  consider  thai  no  special  remarks  are  called 
for  in  connection  with  relays  or  similar  devices,  any  of  these 
which  are  suitable  tor  power  installation  of  a  similar  pressure 
being  also  suitable'  for  light  signals.  With  regard  to  trans- 
formers,  the  committee  consider  that  these  should,  in  all 
cases,  comply  with  British  Engineering  Standards  Association 
or  Institute  of  Electrical  Engineers  specifications  for  insula- 
tion  tests  aria"  rating,  'lie  •  ommlttee  are  of  the  opinion  that 
extensive  hoods  over  the  n  tl  lamps  are  generally  undesir- 
able  and  are  not  required. 

The  commit!.  .  point  out  that  consideration  should  be  given 
to  the  provision  of  some  means  of  distinguishing  between 
automatic  and  controlled  signals,  as  is  done  in  the  case  of 
semaphore  arms. 

Potentialities  of  Color  Light  Signals.— To  summarize  briefly 
the  conclusions  arrived  at,  the  committee  are  of  the  opinion 
that  the  color  light  signal  has  potentialities  which  are  worthy 
of  the  serious  consideration  of  llritish  railways.  The  chief 
advantages  of  light  signals  which  this  investigation  has 
brought  out  are: 

(a)  They  compare,  at  present,  favorably  in  initial  and 
maintenance  costs  with  manual  and  power  operated  sema- 
phores, and  future  development  will  doubtless  allow  this  type 
of  signal  to  show  to  further  advantages  in  this  direction. 

(b)  They  make  for  other  economies  already  enumerated. 

(c)  The  same  indication  is  given  to  drivers  by  night  and 
by  day,  and  always  of  a  definite  character. 

idi  This  type  of  signal  is  less  prone  than  the  semaphore 
to  show  a  doubtful  or  wrong  signal  indication  due  to  outside 
interference. 

(e)  They  can  be  easily  adapted  to  two  or  three  positions, 
automatic,  semi-automatic,  and  manual  signaling. 

(f)  They  are  more  easily  controlled  and  slotted  than  the 
manual  signals. 


Injurious  Action  of  Sulphur  on  Cement  in  the  Tropics. — The 
earthenware  pipes  of  the  Colombo  sewage  system,  laid  down 
within  the  last  fifteen  years,  are  of  the  improved  Stanford 
type  joined  by  cement  and  sand  in  the  proportion  1:1  with  a 
waterproof  ring  of  "galanack."  This  material  is  a  mixture  of 
sulphur,  tar  and  oil.  and  has  a  crystalline  structure  and  a  bis- 
cuit fracture  when  fresh.  In  some  of  the  older  pipes,  which 
had  cracked,  longitudinally  and  circumferentially.  the  cement 
had  turned  into  a  whitish  putty,  and  the  galanack  had  also 
altered.      Examination   of   these    products,   according   to   Dr. 

Alexander   Bruce,   of    the    L ratory,    Colombo,    in   a   recent 

issue   of   the    Journal    Of    the    Society    of   Chemical    Industry, 
that  the  sulphates  had  Increased  wtail  iron. 

alumina  and  silica  bad  deer      ed      The  sulphur  in  the  gala- 
nack  had   evidently   been   oxidized,   and   the  sulphate  had   de- 

.  .1    ih incni.    cau   Ini     the    pipes    to    crack.     The 

humid   heat  had  accelerated   these  changes;    mineral  samples 

bave   been   observed  to  change  into     ni 

phate  a  ad    ul  phui  li  acid    i  I  as  tempera- 

0  deg.  1  Hi 

Engineering,  London. 


Railway     Electrification     in    South    Africa. — In    connection 
with  the  electrification  of  the  railways  ol  the  Onion  of  South 
Africa,  the  Metropolltan-Vickei     Electrical  Cq    Ltd.  bi 
ceh  ed  tin-  order  tor  the  i  nil  ed  for  the 

■  ctlon  of  ih.  Mai  Itzburg  and  Glem 

Natal.    The  minimum  nui  by  the 

order    is    To.    ami    'lie    probabli     numbei     so,    ami    the    approxl- 

..omotivos    will    bl 

in  England  and  Itb  power  at  3.000 

dlrecl    current   on   the   trolley   wire.     The   • 
chemi    ba     been   prepared    bj     the    well-known    con 
engim  Merz    and    McLellan,    ol    London. — The 

Commonv  ealth  Engineer,  BIdn 
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Railway  Electrification  in   Italy 

Direct  Current  Likely  to  Supersede  Three  Phase 
as  Result  of  Trials  Now  in  Progress 


The   Li 
(Froi 


ul..n   Tlmea  Supplement.   March    13.   1922. 
eld   Engineering   Con 


\\',.ile  electric  traction  in  America  and  mosl  European 
countries  lias  almost  always  been  carried  mil  with  either 
direct  current  or  single-phase,  the  electrified  Italian  State 
Railways  have  presented  the  exception  of  being  three-phase, 
ami  the  adaptation  of  the  three-phase  Induction  motor  to 
traction  conditions  must  be  regarded  as  a  triumph  for  Italian 
engineers.  U  is  interesting  to  note,  however,  that  the  claims 
of  direct  cut  rent  traction  are  now  being  admitted,  one  of  the 
much  smaller  expenditure  required  for  the 
single  line  of  the  overhead  equipment  ami  the  reduced 
upkeep. 

About   a   year  ago  a  section   of  27  miles   of  line  between  Turin 

i  >h  a  maximui  !    3-5  Per  cent  was  electri- 

n.-.i   b)    the   Italian  Brown-Boveri  Company,  and  the   results  of  the 

,:.      mental    line    have    been    very    .satisfactory. 

•n   a   eompany  at  22,000   volts    and    50   periods, 

.,,,,1   .,  miles  from  Turin  feeds  the  whole  line. 

with   a    maximum    voltage   drop    of  15    per  cent.     The    line    voltage 

of  4.000  volts,  much  higher  than  the  general  practice  in  the  United 

land,   is  obtained  by  means  of  two   motor  generator 

-  of  a  synchronous  motor  driving  two  dynamos, 

ted  in  series,   of  2,000  volts  each.     The   conversion  sets  are 

,.w    and   have  an  overload  capacity  of  30  per  cent  for  half 

an   hour,   and   100  per  cent   for  five  minutes.     The  means  adopted 

to  overcome   "flashover"   in  case  of  a  short-circuit  are  worthy  of 

note.    The    circuit   breakers,    instead   of   being   instantaneous,    are 

of  the  multiple   break   type,   inserting  resistance  in  the  circuit  at 

me   and   reducing   the   dynamo   excitation.      They   are 

titled  with  powerful  magnetic  blowout  coils,   and   have  given   very 

satisfactory  service. 

The  locomotives  are  of  the  double  bogie  type,  each  bogie  hav- 
ing two  motors  mounted  in  the  manner  of  tramway  motors  and 
permanently  connected  in  series.  Series-parallel  control  is  then 
applicable  to  the  two  pairs  of  motors.  The  principal  features  of 
the  locomotive  are:  Length  between  buffers,  42  ft.;  gear  ratio,  3.95; 
power,  ixlmum   speed,   25  miles  an   hour:  drawbar  pull, 

1".:.",'    |b  ,    and    weight.    41.5    tons.     The    main    motors    are    of    the 
enclosed,  self-ventilating  type,  with  four  poles  and   Interpoles. 

The  auxiliary  machinery  consists  of  two  small  2.000-volt  motors 
in  series,  driving  a  12  kw.  110-volt  dynamo,  and  also  a  fan  to  cool 
the  starting  resistances.  The  fan  serves  the  purpose  of  preventing 
the  racing  of  the  set  at  reduced  load.  The  110-volt  dynamo  then 
operates  the  air-compressor  set  for  the  brakes.  The  controller 
is  of  the  tramway  type,  but  remote-controlled,  and  is  fitted  with 
special  devices  to  reduce  arcing.  The  speed  controller  is  oper- 
ated mechanically,  but  pneumatic  control  is  used  for  the  panta- 
graph  collector,  the  main  circuit  breaker  and  that  of  the  auxiliary 
set    the  Beld-weakener,  and  the  compressor. 

The  results  olf  the  first  six  months'  operations  showed  that  the 
inbj  weak  point  in  the  installation  was  the  auxiliary  set  on  the 
locomotive.  The  substation  generators  and  locomotive  motors  have 
never  flashed-over.  and  the  few  stoppages  that  have  occurred  were 
due  to  defective  porcelain  supports  for  the  brush-holders. 

"Simplex"  Sewage  Plants 

Aeration  Plant  at  Bury 

From  The   Surveyor,   London,   April   21,    1922, 
The  Ames  Crosta  Sanitary   Engineering   Co.,   Ltd..   1"   Vic- 
toria   street,    Nottingham,   has   installed    under   the   name   of 
"Simplex."    numerous    sewage   purification    plants    similar    to 
the  one  at  Bury,  shown  in  the  accompanying  illustration. 

In  the  "Simplex"  method  of  sewage  purification  by  surface 
aeration  the  aims  are:  (1)  Simplicity  of  motion,  (2)  economy 
in  power,  and   (3)    maximum  purification. 

"To  activate  the  sludge,"  the  firm  point  out,  "it  has  been 
the  custom  to  blow  air  under  pressure  into  the  sludge  at  the 
bottom  of  the  tank.  Experiments  have  provod  that  by  this 
method  there  is  a  great  waste  of  power,  as  95  per  cent  of  the 
air  blown  is  used  in  agitating  and  circulating  the  sewage,  and 
under  5  per  cent  for  the  aeration.  In  the  "Simplex"  process 
the  agitation  and  exposure  for  aeration  keep  the  liquid  con- 
stantly agitated  and  on  the  move,  and  also  supply  it  by  sur- 
face aeration  with  the  necessary  amount  of  oxygen  required 
for  purification  purposes.  The  tank  is  arranged  with  a  conical 
bottom  and  a  central  tube  coned  at  the  lower  end  is  fixed  a 
few  inches  from  the  bottom  of  the  tank,  the  top  portion 
terminating  in  a  dish  the  outer  edge  of  which  is  raised  about 


half  an  inch  above  the  top  water  level.  Inside  the  dish  a 
revolving  cone  with  suitably-formed  vanes  is  suspended  by 
means  of  a  vertical  shaft  running  on  ball  bearings  rotated 
by  shafting  and  hovel  wheels.  When  the  cone  is  in  motion 
the  liquid  is  thrown  out  in  the  form  of  a  film  wave,  and  the 
liquid  and  sludge  then  rise  in  the  central  tube  to  replace  the 
li.iuiil  thrown  out  by  the  revolving  cone.  The  vanes  of  the 
cone  are  arranged  to  throw  the  liquid  off  so  as  to  strike  the 


"Simplex"    Process  of   Sewage   Purification   at   Bury   Works. 

sin  face  of  the  main  volume  of  liquid  in  the  tank  in  such  a 
manner  as  to  induce  a  circular  motion  which  causes  the  liquid 
to  sink  in  the  form  of  a  spiral  to  the  bottom  of  the  tank  to  be 
recirculated. 

"To  obtain  the  necessary  amount  of  agitation  and  aeration 
the  contents  of  the  tank  are  circulated  once  in  twenty  minutes 
or  three  times  an  hour,  the  horsepower  absorbed  being  about 
12-hp.  per  twenty-four  hours  run  per  million  gallons. 

"The  time  taken  for  purification  depends  upon  the  strength 
and  composition  of  the  sewage  and  the  standard  of  purifica- 
tion required,  but  as  an  example  we  may  classify  sewage  into 
three  grades  of  strength,  as  weak,  medium,  and  strong,  the 
time  and  power  required  for  treatment  would  be: 

Weak  sewage,  eight  hours'  treatment — 4  hp.  per  million 
gallons. 

Medium  sewage,  twelve  hours'  treatment — 6  hp.  per  million 
gallons. 

Strong  sewage,  sixteen  hours'  treatment — 8  hp.  per  million 
gallons." 

The  firm  claims  that  there  is  no  process  of  sewage  purifi- 
cation in  operation  which  is  so  simple  and  economical  which 
will  produce  any  standard  of  purification  required  by  the 
river  inspectors  and  commissioners,  and  which  can  be  so 
readily  adapted  to  existing  tanks  or  quickly  installed  in 
new  tanks. 


The  Largest  Sewage  Sprinkler  in  the  World 

From    .Municipal    Engineering    and    The    Sanitary    Record,    London, 
April    20,    1922. 
A  rotary  sprinkler  of  180  ft.  diameter  recently  installed  at 
Chichester  is  believed  to  be  the  largest  sprinkler  in  the  world. 


Rotary    Sewage    Sprinkler    at    Chichester. 

supported  and  carried  solely  from  the  center  pillar,  and  which 
will  work  satisfactorily  with  the  low  head  of  3  in.,  thus  dem- 
onstrating that  these  sprinklers  are  practically  frictionless. 
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French  Rail  Failures — Their  Char- 
acter and   Causes 

i    m  The  lr..u    w 
lu   i..-  Genie  Civ  >i   foi    Nov.  ticl<    taken 

i>.ii"  r  on  r;nl  failures  b)   the  emlnenl   French  Investi- 
Charles    Fremont,    who 
work    because   ol    the   frequence   ol    rail    failures    In    Prance. 
-uniated   the   number   in    Krai 

Records  Bho«    also  the  numbei    to  be   Increasing,   on 
some  Bytems  Buch  .is  0       ■  L-'Est,  al   a   rapid   rate. 

The  rapid  corrosion  ol  certain  rails  In  tunnels  he  Muds  to 
be  due  to  the  presence  on  non  metallic  Inclusions  In  the 
metal.    This  corrosion  Is  also  a  ipid  wearing  awaj 

educes  the  useful  rolling   sui 
Exfoliation   of   French   rails   is   shown   bj    the   samples   In 
IV-    i.  «hi<ii  exhibit   this   Bcallng  In  differenl    degrees       W 
the   beginning   small   longitudinal    Assures   are   Been   on    the 
running  surfi  i    fissure     elongate   and   join.     Often 

only  i"  i  en,  as  shown  In  the  third  sample,  then  latei 

ind  line  al  a  distance  uBuallj  ol  l  oi   2  cm.    Sometim  b 
two  lines  appear  at  about  the  same  time,  the  pari   be 
tween  them   is   gradually   detached,   leavin|  in    which 

gradually  Increases  and  divides  the  head  ol  the  rail,  as  shown 
in  Pig.  2. 
The  question  arises   whether  the  exterior  fissures  are  the 
interior  cavity  or,  on  the  other  hand,  whether  the 
interior   fissure   is   not    formed    firsl    and    finally   reaches   the 
surface.     To  determine  this,  cross  sections  show  that   wher- 
ever   the    exterior    fissure    is    found,    even    whin    very    small. 
an    interior  cavity   is  always   present;    and   sometimes   wide 
found,    as    shown    in    figure    '■'■.    which    have    not 
ic  ted  the  surface.     The  beginning  Of  such  a  defect  is 
then  always   in   the  interior  of  the  rail.     In  cases  where  not 
sufficient   discard    is   taken   the   pipe   is   reduced   to  a   fissure. 
Kip.  4  shows  the  section  of  such  a  rail  in  which  this  fissure. 


Fig.   5.— (Upper)     A    Fir 
Fig.   6. — (Lower)      Fissur 


Fissure    at    Central    Nucleus, 
at    Periphery   of    Central    Zone. 


Fig.    1—1  Left)     Exfoliation,   or   Scaling,   of    French   Steel    Ralls. 

Fig.   2. —  (Top   Right)     Formation   of   Scaly   Surface  and   Split    Head. 

Fig.  3.— (Middle  RiQhti     Large  Interior  Cavity  m  French   Rail. 

Fig.    4— (Bottom    Right)      Bllttcr    from    a    Pipe. 


enlarged,  has  formed  a  blister  in  the  web.  In  other  cast  B 
the  internal  fissure.  esp«-cial!\  that  in  the  head,  does  not 
come  directly  from  the  j •  i i > •  ■  cavity.  After  etching  a  section 
it  is  seen  that  the  Bssun  passes  through  several  nuclei  ol 
impurities.      In    this   case    the    fissure    is    produced    by    the    •  ' 

tecis  of  shock  from  the  passing  trains,  Mr.  Fremont  believes 
it  corner  from  segregation  oi  the  metal  and  depends  on  thi 
distribution   and   composition   ol    ibis   segregation. 

The  distribution  of  ibis  segregation  in  the  heads  of  the 
rails  takes  widely  variable  forms.  Sometimes  it  is  condensed 
in    a    central    compact        mi  tincl    from    the    sound    metal 

At   other   times   the   central    zone    is    surrounded    by    DO 
of    small    nuclei.       It    may    be    divided    Into    secondary    nuclei, 
finally   the  heads  of  many   rails  are  spoiled  by  the  presence 

of  a  71 oi  blowhole-  paralli  i  to  and  a  little  distani  •■  below 

i  ii    surface. 

All    these    zones   of    Impurities,   almost    concentric,    are   the 
cause  of   various  defects.     Figs.   5  and   6   gi\e   two  examples 
hi    failure   in   which   the   Influence   of   the   central 
seen.     Fie;,  n  shows  a  central   nucleus  of  good   material,  but 
surrounded   by  a   segregated   zone,  from   which   emanate  the 

radial    fissures    that     are    particular    to    this    rail,    and     finally 

caused   failure      Experimental   tests   would    indicate  that   the 
fissures   travel    from   one   small    nucleus   of   impure   material 
i  ither. 

\iiei   a  further  discussion  ol   the  matter  Mr.   Fremon 
li'ii'     il xfolialiiui    or    scaling    of    the    rails    to    be    due    to 

bad    Initial   qualltj    of   the     tee]    and    nol    to   fatigue  of  the 

metal   brought  about   bj    cold   work,  as  has  i n   b 

suggest.  .I      Careful  tests  with  a   special!)   designed   hai 
measuring  device  slum  thai  the  cold  worked  material  on  the 

head    only    extends    in    nil    nun.    and    even    With    B      Ofter    rail 

the  depth  « ai    onlj   0  28  mm 

The  with  a  de  erlptlon  ol  superficial  quench 

ing  of  the  metal  ol   the  rolling  smi  ntioned   In  ■ 

recent  reporl  by  Mr.  Howard,  and   the  danger  of  the  ci 
in  this  hardened  layei  i  it<  nd  i  i    through  the  rail  if  the  metal 

i      ■mild. 
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r.                I          £         C     £      I          A            D'l  '"  '"''    driving,  and  no  doubt  working  on  similar  lines,  pub- 

rormulae   tor   oate   Load   On  riles  lish.-d  In  their  handbook  ol  192]  a  formula  having  a  similar 

By  ERNEST  LATHAM.  0DJe<  ' 

».i-„   t^„^„„  Their  formula  is  as  follows: 

From  Engineering.  London. 

The  driving  of  piles  in  many  cases  forms  , ol  the   pnn-  L_ '  "  ''     i  x—        .        .                (S) 

ciple  features  ol  construction  in  marine  works.    In  order  to  S               w 

Obtain  the  necessary  data  as  regards  foundations  in  the  sea  jj                    d   in  pounds. 

•  >r  river  bed  it  is  usual,  in  eases  where  there  is  any  doubt,  to  w  =  weight    of   monkey   in   pounds.                                                 J 

have  borings   taken  or  test   piles  driven,  or  to   observe  both  |  Jf  p^nfira&^in  'im'hes' per  blow  for  the  last  few  blows. 

precautions.     The   writer  places  greater  reliance  on   the  re-  W       weight  ol  pile  in  pounds. 

suits  of  test  piles  than  on  the  results  of  borings  in  so  far  as  i„   vjew  ,,f  the  fact   thai    experience  is  the  chief  factor  in 

actual  ability  of  the  ground  to  carry  loads  is  concerned.  specifying  "set,"  one  has  to  be  very   cautious  in  relying  on 

In  driving  test   piles,   very  careful   observation  of  the  driv-  any  formula?  connecting  "set"  with  safe  loads.    Excepi 

inu  is  necessary,  as  In  driving  from  a  "springy"  stage  or  from  ceptional  cases,  however,  the  first  formulae   (equations  1  and 

floating  craft,   owing   to   the  movement   of  the  stage  or   the  B)    coupled   with   the   correct  value   of  the   factor   p   may    be 

oscillation  of  the  barge  or  pontoon,  it  is  difficult  to  measure  taken  as  fairly  reliable. 

tual  penetration  per  blow  which  it  is  essential   to  ob-  Another  formula  frequently  adopted  for  lighter  piles  is  the 

i  losely  when  driving  test  piles  from  the  mom.  nt  when  "Wellington"  formula,  as  follows: 

the>    begin  to  "pull  up."  2  w  h 

In   driving   permanent   piles  it  is   unfortunately   necessary  L—                        ...        (4) 

for  practical  reasons  to  average  the  penetration  over  a  num-  (.  bpj        a  c(mstant  depending  on  the  type  of  hanm. 

ber  of  blows:    this  is  common  practice,  but   there  are  tech-  an,,  f                   of  the  blows.     This  lnn,nlla  was  recentlv 

meal  objections  to  It  as  if  a  pile  has  pulled  up  hard    this  may  ,jed  by  p   A]]an  ,n     „,       for  wnarves  at  Newcastle  Harbor, 

obviously,  have  occurred  on  the  first  one  or  two  of  a  series  \ew  South  Wales 

of   blows   and   the   balance  of  the   series    (before   driving   is  '   As  the  formulaquoted  by  the  Britisn  steel  PiIing  („    waa 

stopped  for  the   purpose  of  observation)    may  result    in   the  pubHslled  at  tne  time  the  writer  wa8  ,,riv,       70.ft    lo       tin, 

destruction  of  the  pile  head  or  in  certain  cases,  even  in  the  ber  piIes  in  the  Thames  Estuary  (o  „  definjte  ..get>„  he  had  ,he 

destruction  of  the  pile  itself  opportunity  of  applying  both  formulas  with  the  following  re- 

The   data  of  which  It  Is  necessary  to  record  in   test  pile  slllts      The  actua,  ,oads  wnjcn  these     „       were       u 

driving  is  best  shown  by  a  record  of  actual  driving  which  is  to  ca        Was  so  tons  each   and  t„      were  dr,         ,        Thames 

given   below  for  a    single   test  pile  driven   through  clay   and  ba„ast  with  a  fina,           ified  ..get..  of  m            ApPlving  the 

peat  with  an  ultimate     set    m  Thames  ballast.  first  formu,ffi  (equations  1  and  2)  fte  actual  safe  ,oad  w*rke(J 

RECORD  op  test  pile  (OREGON  PINE.  14  in.  bt  14   in.).  out  to  144  tons,  and  applving  the   second   formula   (equation 

v.        ,    r,       .       GREENHITHE.   JAN.    17.    1921.  g)   tfle  actua,  gafe  ,oad  worked  out  t0  153  t              At  fi      t     ;    ht 

No.  of    Penetration.       No.  of    Penetration.       No   ol      Penetration.  ,.    __             a    ...    .    x.                     .    .      ,,                .„     .    .      .    . 

Blows,      ft.     in.           Blows.          In.              Blows.            In.  "   appeared  that  the  set  originally  specified  had  been  more 

|%                                        *  severe  than  was  necessary,  but  it  is  as  well  to  point  out  that, 

in                                   10            iC                                     7-i|  even  where  a  factor  of  safety  is  already  allowed  for  as  in  the 

above  formulae,  a  wide  margin,  where  obtainable,  should  be 

lo           2                         s              H  adhered  to.  principally  because  so  little  of  the  theory  of  pile 

'019                                 %  driving  has  yet  been  developed  by  civil  engineers. 

lo                                                n-i6               s  Tne  Society  of  Engineers  published  a  very  useful  paper  by 

3*s                             1  Mr.  A.  S.  E.  Ackermann,  B.Sc,  in  1919,  entitled  "Experiments 

in                 -ju,                              §  with  Clay  in  Its   Relation  to  Piles."     The  paper  is  of  great 

n-16  value  from  the  theoretical  point  of  view,  and  it  throws  a  good 

i'o                 2                   5                                                     5_5|  deal  of  light  on  previously  little  understood  phenomena.     It 

\  suffers,  however,  from  the  following  defects: 

a*                     i               iljj  (a)   The   experiments    are    confined     to     those    made     with 

lo                i\               5            l  models. 

".'.fpiie  neali'V   '..'.'.'....          .'.'.'.  + 16.49  O.D.  (b)    Loads   were   applied   by   continuous   pressure   and   not 

Level  of  shoe    —  37^01  O.T).  by   impact. 

i>.veirof  pnutid'.' .        :  i : : :   .               ;   +  sVdlb.  ' c>  The  experiments  were  restricted  to  clay. 

Final  set  (as  above)  1-16  in.  Briefly,  iii  this  and  in  a  subsequent  paper,  Mr.  Ackermann 

The  question  of  accurately  determining  the     set"  for  safe  establishes  the  fact  that  at  a  critical  pressure,  varying  with 

'Hen   permanent  piles  may  be  expected   to  carry  has  the  nature  and  percentage  moistness  of  the  clay,  the  latter 

occupied  the  writer's  attention  for  several  years,  mainly  with  behaves  physically  as  a  liquid.     This  pressure  he  terms  the 

•  ct  ol  avoiding  the  technical  objections  of  averaging  "pressure   of    fluidity,"   and    doubtless    it    explains   the    large 

the   final  set  over  a  number  of  blows  and  the  delay  in   stop-  amount  of  recoil  shown  by  piles  driven  into  London  clay  and 

ping  driving   for  the   purpose  of  observation.     As   the   result  similar  foundations. 

ol    experience    in    actual    driving    he    prepared    an    empirical  Tne  formulae  quoted  in  this  article  must  not  be  applied  to 

formula    in    1!>14    and    to    this    future    contracts    under    his  quickly-operating  single-acting  steam  or  pneumatic  hammers 

iirm's  jurisdiction  have  been  satisfactorily  carried   out   with-  or  to  double-acting   hammers   of  the   MeKiernan-Terry   type. 

out  failure  in  any  case.     This  formula  is  dependent  on  a  fac-  " 

tor  p.  as  given  below:  New    Material    for   the    Manufacture    of    Roofing    Tiles. — In 

Value  of  Factor  p.  several  countries  in  Africa  it  has  been  suggested  that  roofing 

Fin:.-                      ie  per  blow.             wilhnTt               "with"1  tile*  ?hou,d  be  made  loca11^  and  search  "as  been  made  for 

Dolly.                   i  lolly.  suitable  materials.    Specimens  of  clay  and  sand,  collected  in 

Less  «5aa  S-Mto".; '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.           o'js  da"  and  ot  clay  and  diatomite  from  Kenya  Colony,  have 

Less  than  i*  in 012  recently  been  examined  at  the  Imperial  Institute  in  order  to 

Less  than   %  In    on"  ascertain  possibilities  in  this  direction.    The  bulletin  of  the 

The  safe  load  is  calculated  as  folio  ^T^tl™™"^  *tates.that  Ulf  ,of  s,ood   **?**  can   be 

made   with   a   suitable   mixture   of   the   clays   and   sand   from 

B  =  — '(])  Uganda,  while  good  tiles  can  also  be  made  from  mixtures  of 

where      p  tne  washed  clays  with  "grog,"  i.  e.,  clay  which  has  been  burnt 

L  =  safe  load  in  tons.  and  finely  ground.    The  clavs  from  Kenya  Colonv  were  also 

S=j&                          «   in  tons  ovulated  as  follows:  '°""d    *°   *   ■"f"*?",  f™  T^f.  T°°&^    **?     ^  T^ 
BxX  =  FxT            (2)  obtained   with  the  infusorial   earth   or  diatomite    i  which  con- 
where  X  =  penetration   per  blow  in  feet   at   or  towards  con-  tained  a  Pertain  proportion  of  clay)  are  of  special  interest,  as 
elusion  of  driving.  tnis  material,  ■  which  does  not  appear  to  have  been  employed 
F  _  fa],  ot  n.onkev  jn  feet  previously  for  the  purpose,  furni  lied  tiles  which  were  much 
T  =  wei£rht  of  monkey  in  tons.  lighter  than  ordinary  roofing  tiles,  this  being  a  great  advan- 
The  British   Steel  Piling  Co.,  who  have  a  wide  experience  tage. — Engineering,  London. 
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Tests  on  Sea- Water  Corrosion  of  Structural 
Materials 

From   Uondoi 
An  important  part  ol  the  work  of  the  committee  appi 
bj  the  Institution  .>f  CIi  11  Englni 

:  rucl  ed   to  Bea 

concerns   the   corro8lon   of   structures    Involving    the 
ferrous  materials,  ami  in  a  paper  read  bi  uiution 

Sir  Robert  Hadfleld,  who  was  ci  to  the  most  desir- 

materials   foi  d    the   various   tj  P 

recommended  tor  the  purpose. 

The  materials  b<  ill  Into  fou  I  com- 

prise 14  different  varieties.   There  are  three  rolled  and 
irons    (wrought    iron.   Swedish  cast    Iron   and   Armco   Iron); 
(mi)       teel  v  Itb  low   manganese  and  high 
sulphur  and  phosphorous  mild  Bteel  with  0.70  per  cent  man- 
medium   carbon    Bteel   with   low    Bulphur   and 
phorous,  and  carbon  steel  with  0.40  pei  cent  ol  carbon);  Ave 
Is   (mild  Bteel  with  0.50  per  cenl  of  copper,  mild 
Bteel  with  8.0  per  cent  ot  copper,  3.60  per  cent   nickel  steel, 
i  r  •■•■lit  nickel  Bteel,  and  IS  50  pi  c  i  enl  chromium  steel, 
known  as  non-rusting  steel);  and  two  cast  irons  (cold  blast 

and  hot  Ida    I 

Preparation  of  Test  Pieces.     All  the  specimens,  except  those 

•  iron,  were  prepared  in  the  form  of  rolled  bars,  and  in 

they  arc  L'4   in.  long,  3  in.  broad  and   \i   ill.  thick. 

i    the    materials    was    prepared    In    the   condition   "as 

idled."   that   is.  without    further  heat   treatment,  because  it 

was  thought  best  that  the  tests  should  be  carried  out  on  steel 

as  nearly  as  possible  resembling  that  met  with  in  constructive 

work.    In  general  also  the  oxide  skin   produced  in  rolling,  or 

in  the  case  of  ihe  cast  iron,  the  casting  skin  was  retained, 

but   to  obtain   some  information  as  to  the  effect   of  this  skin 

in    regard    to   corrosion,   an   additional   set   of  specimens    was 

prepared  In  the  case  of  two  of  the  carbon  steels  from  which 

in  was  removed   by   grinding  all  over.    Further,  one  of 

the  bars  of  each   material,  except  the   cast  irons,  was  heat 

treated  to  obtain  test  data  representing  the  materials  in  the 

best  possible  condition. 

In   all.   1,380  separate   specimens  have  been  prepared,  and 
■  •  already  been  allocated  for  test,  the  remainder  being 
held   in   reserve.    Of  the  956   the  majority  are  to  be  sent  to 
various  stations  at  home  and  abroad  to  be  immersed  in  sea 
water,  but  182  of  them  have  been  subjected  to  tests  by  Sir 
Robert    Hadfleld   in  his  laboratory.    These  tests,  the  results 
of  which  are  discussed  in  the  paper,  included  analyses  for  all 
the  elements  present,   tensile  tests  on  test   bars  cut  in  the 
rectii       i  i    in    hock  tests  in  both  the  longi- 
tudinal and  the  transverse  directions,  Izod  shock  tests  in  the 
longitudinal    direction    and    Brlnell    hardness    tests.     Photo- 
micrograpbs  were  taken  in  both  the  longitudinal  and  trans- 
directions,   and    in    the   case   of   a   certain   number   of 
bars  from  the  various  specimens,  detailed  elonga- 
obtained,   partly   with   the  object  of  ascer- 
tainini                          I  strain  on  the  corrodibility  of  the  different 
types  of  material.    Some  data   adduced   for  Armco   iron   show- 
that  the   -named   material   is  more  subject  to  corrosion  than 
the  unstrained,  and  reasons  are  given   lor  thinking  that  the 
resistance  of  non-rusting  steel  to  corrosion  when  almost  con- 
stantly wetted  by  see  Bpray  depends  on  its  physical  constltu- 
<  me  set  of  test  bars  is  to  be  immersed   in   the  Bes  at 
Ith,    to    see    whether    the    mechanical    properties    are 
impaired  by  long  immersion. 

"  at    are    to    be    •  spo  ed    to    sea    action    (at 

Plymouth,    Auckland,    Colombo    and     Halifax)     include    plain 

bars,  riveted  bars,  bolter]  Imllar  material   in 

bent  to  teal  the  effects  of  strain,    in  view 

in  BOme  instances, 

the  marking  ol  thi  nted  a  problem  In  II  elf,  since 

nj  ordinary  marking  being  obliterated 

and  of  badly  corroded  bat   .  or  pen.  a,  falling  out 

<>f  plat  thod  anally  adopted  was  to  distinguish  the 

bars  1 1  Itlon  of  holes  drilled  through  their 

ends. 

Cost  of  Wa»te  by  Corrosion. — In  the  Concluding  part  Of  the 
paper  the  author,  Ing  different  theories  of  corro- 

sive action  and  the  behavior  ol     peclal  materials,  attempted 
an   estimate   of   tu  corrosion   Taking   the 

world's  output  of  Iron  and  steel  during  I860  LB20  at  1,860  mil- 


lion lens,  he  estimated  thai    Imi, tons   i>\    1920  had  been 

discarded  as  worn  out  or   i  and  060, 000,000  tons  lost  by 

rusting    in   use,   so   that   the  quantity   in   use   was   800,000,000 

tons,    in  the  same  year  he  put  the  production  at  06,000,000 

the  quantity   worn  I   as  useless  at  17,- 

tons,   and    the    quantity    lost    by    rusting    in    use   at 

29,000,1 nis,  so  that  i  ncn  ase  of  iron  and  Bteel  In 

tens  0  per  ton  the  -a.ooo.000  tons 

lost    by    rusting    in    l  anted   r>80, 000,000  sterling,   and 

Including  the  cost  of  zinc  for  galvanizing,  of  brass  and  other 
metals  tor  sheathing  or  a  ub  titutes  tor  Bteel,  and  of  paint 
for  protection,  he  put  the  total  cost  of  corrosion  in  thai  yeai 
at  well  over  700,01)11, „,  terling. 


Excavation  by  Water  Jets  in  Finland 

A  process  of  winning  peal  which  has  been  in  operation  at 
Jourikorpi,  In  Finland,  sine.-  L920  consists  in  excavating  the 
peat  hi  the  bog  by  means  of  powerful  jets  of  water,  working 
it  up  into  a  homogeneous  liquid  mass,  freed  from  the  roots 
and  stumps  which  form  one  of  the  obstacles  to  the  employ- 
ment Of  mechanical  diggers,  and  then  pumping  it  awaj  to 
he  dried. 

For  digging  two  water  jets  are  employed,  working  under 
s  pressure  ol  226  to  300  lb.  per  sq.  in.,  and  fed  by  two 
trlfugal  pumps  with  an  output  of  75  cubic  meters  an  hour. 
The  jets,  for  which  two  attendants  are  required,  cut  off  the 
outer  layer  of  peat,  which  is  often  very  tough,  with  the  pre- 
cl  ilon  of  a  knife,  and  lay  bare  the  stumps  embedded  in  the 
peat  so  that  they  can  be  severed  by  a  pair  of  shears  incor- 
porated in  the  pump,  the  jet  being  meantime  directed  to 
er  point.  The  pumps  together  have  a  power  demand 
of  125  hp. 

The  peat  gathers  as  a  thin,  pulpy  mass  at  the  bottom  of  the 
pit  in  the  bog,  where  mixing  by  means  of  the  jet  is  continued 
in  order  to  bring  about  the  greatest  degree  of  homogeneity 
possible.  It  is  then  sucked  up  by  a  turbine  pump,  having 
cutting  blades  adjusted  to  cause  minute  subdivision  of  the 
peat-mass.  To  protect  the  pump  from  the  entrance  of  solid 
substances  a  propeller  device  is  arranged  at  the  inlet  to 
throw-  aside  any  large  object  and  by  keeping  the  peat  in 
incessant  motion  to  prevent  it  from  accumulating  and  block- 
ing the  orifice.  It  has  also  to  pass  a  blade  arrangement 
making  over  4,000  cuts  a  minute.  If,  in  spite  of  these  precau- 
tions, any  hard  objects  were  drawn  in  they  would  cause  the 
fracture  of  several  safety  bolts  and  the  stoppage  of  the  pump. 

Above  the  turbine  pump  and  on  the  same  axle  there  is  a 
powerful  centrifugal  pump  which  forces  the  peat-mass  awaj 
through  a  pipeline  to  the  drying  area.  The  pumps  with  their 
driving    motors    are    fre.  nded    from    a    crane    arm 

mounted  on  a  movable  car,  and  they  can  be  raised  or  lowered 
in  accordance  with  the  level  of  the  peat  In  the  bog.  The 
output  of  the  pump  is  estimated  al  300  cubic  meters  an  hour, 
but  varies  With  the  character  of  the  peat.  The  power  demand 
reaches  75  or  80  hp.  As  a  rule  two  men  are  engaged  in  re 
moving  the  stumps.  In  the  movable  car  one  mechani 
tonus  all  the  operations  necessary,  including  the  starting  and 
control  of  the  peat  pump,  the  manipulation  of  the  crane,  and 
the  shears  for  cutting  off  the  stumps,  and  the  management  of 
the  motors  for  moving  the  car. 

The  pipeline  Is  made  up  of  sections  four  meters 
couple, i  together  by  a  device  which  can  be  easily  opened  and 
closed.  On  the  drying  area  the  liquid  peat  is  deposited  in  a 
thin  layer,  enclosed  by  a  wall  of  peat,  and  when  one  section 
is  lull  it  is  taken  to  another,  lengths  being  added  to  or  taken 
from  the  pipe  for  the  purpose.  Three  men  are  need. 
I  Ing   the  peal   and  shifting  the  pipe. 

Apart  from  supervision,  eight  men  in  all  are  required  to 
win  the  peat  in  this  main  power-demand 

abi  in  200  hp.,  and  the  quantity  of  water  may  rise  to  150  cubic 
an   hour,   the  same  quantity  of  peat  earth   being  ob- 
tained.   In  terms  of  dry  .  ■  peal   contaii 
cent  of  water  the  output  is  20  metric  tons  an  hour      London 
Times  [engineering  Snppli  d 


Loss    on    Trolley    Omnibuses. — Keighley    Town    Council    re 

u  ed  recently  to  pass  the  estimates  tor  the  trollej   vehicle* 

ystem    n  li  .    tlmated  that  for  1922-23  the  accounts  will  show 

a  loss  oi    B 8,070,  ami   it   v.,,     recommended  by  a  committee 

that  the  net  deficit  as  at  March  21,  1921,  amounting  to  £5,811, 

be  provided  for  out  of  the  rates. — The  Surveyor.  London. 


(22) 


Engineering  and  Contracting  for  May  31,  1922. 


531 


An  English  View  of  the  Disadvantages 
of  High  Buildings 

From  The  Surveyor,  London.  March  10 
The  Town  Planning  Institute  have  had  under  consideration 
proposals  which  have  been  made  in  reference  to  the  height 
of  buildings  in  London  and  the  relaxation  of  restrictions  on 
such  height,  as  at  present  administered  by  the  London  County 
Council.  Particular  attention  has  been  given  to  the  experi- 
.  nee  gained  in  regard  to  this  subject  in  American  cities, 
where  the  greatest  use  has  been  made  of  unrestricted  oppor- 
tunities to  erect  high  buildings,  both  for  residential  and  com- 
mercial  purposes,  and  some  notes  upon  this  experience  are 
attached. 

It  may  be  remarked  that  the  agitation  in  London  for  the 
relaxation  ol  restriction  on  the  heights  of  buildings  comes  at 
a  time  when  a  number  of  American  cities  have  found  it 
necessary  to  impose,  and  many  others  contemplate  imposing, 
restrictions  as  drastic  as  possible  in  view  of  what  has  already 
i ted.  Anybody  who  knows  the  objection  of  the 
American  citizen  to  any  regulations  limiting  his  freedom  to 
huild  as  he  likes  will  realize  how  generally  recognized  and 
how  serious  must  have  been  the  evils  springing  from  the 
i  b  of  such  restrictions  before  their  adoption  could  have 
been  carried  by  general  consent.  It  must  be  recognized, 
er,  that  in  the  majority  of  American  cities  the  condi- 
tions are  such  that  the  evils  arising  from  excessively  high 
buildings  are  much  less  apparent  than  they  would  be  in 
London;  the  streets  and  the  footways  are  generally  much 
wider  and  capable  of  dealing  with  a  greater  volume  of  traffic, 
and  the  atmosphere  is  clearer.  On  Manhattan  Island,  which 
forms  the  central  area  of  New  York,  there  are  eleven 
"avenues"  running  from  one  end  of  the  island  to  the  other 
100  ft.  wide,  and  the  latitude  of  the  city  is  the  same 
as  that  of  Rome  or  Constantinople,  so  that  the  sun  attains 
a  higher  average  altitude,  and  consequently  its  rays  have 
greater  opportunity  to  penetrate  into  narrow  streets  or 
spaces:   there  is  also  greater  intensity  of  light. 

Institute's  Conclusions. — The  Town  Planning  Institute  have 
arrived  at  the  following  general  conclusions  on  the  matter: 

(1)  In  considering  restrictions  on  the  height  of  buildings 
in  London,  full  account  should  be  taken  of  the  climatic  con- 
ditions there  prevalent,  of  the  winter  height  of  the  sun,  the 
general  intensity  of  light,  the  prevalence  of  mist,  and  the 
humidity  of  the  atmosphere.  They  should  also  be  considered 
in  reference  to  the  general  width  and  direction  of  existing 
streets:  to  the  policy  that  is  likely  to  be  adopted  in  the 
future  in  regard  to  the  development  of  Greater  London  and 
its  outer  regional  area;  to  the  existing  congestion  of  traffic, 
and  to  the  practicability  of  providing  increased  transport 
facilities;  and,  in  particular,  regard  should  be  had  to  the 
effect  of  any  proposals  on  the  general  health  and  well-being 
of  the  occupants  and  users  of  the  buildings,  and  the  con- 
venience  of  the   public  generally. 

(2)  It  is  clear  that  an  increase  in  the  height  of  buildings 
must  add  to  any  existing  congestion  of  traffic  and  must  throw 
a  greater  strain  upon  all  public  services.  The  volume  both 
of  pedestrian  and  vehicular  traffic  must  be  greater,  and  the 
capacity  of  drainage,  water  supply,  and  other  conduits  m^y 
need  to  be  increased,  as  well  as  the  public  transport  services, 
both  for  passengers  and  goods. 

(3)  Experience  shows  that  it  is  extremely  difficult  to  se- 
cure adequate  circulation  of  air  and  sufficient  light  to  the 
lower  rooms  where  high  buildings  are  adopted.  It  is  common 
experience  that  in  American  cities  a  vastly  greater  proportion 
of  rooms,  both  those  in  tenement  dwellings  and  those  in 
business  premises,  require  artificial  light  to  be  burned 
throughout  the  day  than  is  the  case  in  London.  So  important 
is  this  effect  in  America  that  frequently  a  high  building 
standing  alone  and  benefiting  by  the  light  over  the  area  of 
adjacent  property  is  so  seriously  depreciated  in  value  when 
the  adjacent  owners  also  increase  the  height  of  their  buildings 
that  the  rent  received  falls  to  little  more  than  enough  to 
pay  the  local  rates. 

(41  It  is  by  no  means  clear  that  the  concentration  of  in- 
creasing volumes  of  retail  trade  in  a  few  centralized  estab- 
lishments, cr  the  concentration  of  general  commerce  on  more 
restricted  areas,  which  is  the  chief  reason  for  the  demand 
for  increased  height  of  buildings,  is  itself  generally  desirable 
in  the  public  interest.  In  a  city  like  New-  York,  where  the 
central  area  consists  of  an  island  surrounded  by  wide  rivers, 


reasons  of  economic  necessity  may  exisl  which  are  quite 
in  the  case  of  most  towns,  like  London,  where  there  is 
an  unlimited  area  over  which  expansion  can  take  place;  and 
in  view  of  the  serious  disadvantages  arising  from  develop- 
mi  nt  by  increased  height,  it  is  considered  that  some  over- 
whelming public  advantage  and  not  merely  a  benefit  to  a 
limited  number  of  prosperous  businesses  would  need  to  be 
established  to  justify  the  relaxation  of  existing  regulations, 
and  the  institute  are  of  opinion  that  no  such  general  public 
advantage  has  been  established. 

(3)  It  is,  of  course,  recognized  that  there  may  be  situa- 
tions so  advantageously  placed  as  regards  open  space  about 
them,  and  so  well  served  by  existing  roads  and  other  services, 
that  in  these  cases  a  reasonable  increase  of  height  might 
be  permitted  without  public  disadvantage.  The  institute  are 
of  opinion,  however,  that  it  is  not  possible  to  provide  for 
anything  further  than  the  existing  discretionary  powers  of 
the  London  County  Council  without  incurring  great  danger, 
unless  and  until  a  comprehensive  plan  for  dealing  with  build- 
ing development  and  traffic  problems  throughout  the  whole  of 
London  is  prepared;  and  that  any  such  exceptional  increase 
should  then  only  be  allowed  in  the  case  of  specific  sites  fixed 
upon  such  a  plan,  agreed  with  owners,  generally  conforming 
with  the  requirements  of  comprehensive  planning,  and  sub- 
ject to  special  rating  to  compensate  upon  all  public  services. 

Recommendations. — The  institute  therefore  recommended: 

(1)  That  no  relaxation  at  present  be  made  in  the  regula- 
tions dealing  with  the  height  of  buildings. 

(2)  That  so  soon  as  the  form  of  the  future  government  of 
Greater  London,  now  under  consideration,  has  been  deter- 
mined, a  development  plan  of  the  whole  of  the  area  should 
be  prepared,  and  zoning  regulations  on  the  lines  of  those 
recently  enacted  for  the  city  of  New  York,  but  adapted  to 
the  special  conditions  prevailing  in  London,  should  be  framed 
and  given  effect  to.  These  regulations  would  deal  with  the 
height,  density,  use  and  character  of  buildings  generally,  and 
the  zoning  plan  could  provide  for  those  exceptional  sites,  if 
any,  where  some  increase  of  the  general  limit  of  height  could 
wisely  be  permitted. 

American  Experience  in  Regard  to  High  Building. — Consid- 
eration has  been  given  to  the  conditions  in  American  towns 
where  an  unrestricted  limitation  as  to  height  has  obtained, 
and  more  particularly  to  the  report  which  has  recently  been 
made  in  New-  York  by  a  commission  charged  with  the  duty 
of  investigating  existing  conditions  and  of  drafting  regula- 
tions as  to  restrictions.  The  committee  consisted  of  repre- 
sentatives of  the  different  boroughs,  who  were  assisted  by 
a  technical  staff.  The  final  report  of  this  commission  was 
submitted  on  Dec-  23,  1913.  and.  after  holding  a  series  of  pub- 
lic hearings  resulting  in  certain  modifications,  was  finally  ap- 
proved in  the  year  1916. 

In  considering  this  report  in  its  reference  to  the  require- 
ments of  London,  the  Town  Planning  Institute  have  had  in 
mind  the  peculiar  conditions  of  New  York  as  regards  its 
wider  streets  and  intenser  light.  The  subsoil  of  London  for 
the  foundations  of  high  buildings  is  in  no  way  so  suitable  as 
is  the  solid  rock  upon  which  the  city  of  New  York  rests,  and 
not  only  is  the  question  of  cost  of  foundation  one  to  be  con- 
sidered in  the  erection  of  such  heavy  buildings,  but  there  is 
also  the  question  of  interference  with  existing  drainage 
schemes  and  disturbance  to  buildings  on  adjacent  sites. 

Even  having  regard  to  these  natural  advantages  for  the 
erection  of  high  buildings  in  New  York,  the  report  referred 
to  states  that:  "There  is  an  intimate  and  necessary  relation 
between  conservation  of  property  values  as  here  proposed, 
and  the  conservation  of  public  health,  safety  and  general 
welfare:  throughout  the  city  the  areas  in  which  values  have 
been  depressed  by  the  invasion  of  inappropriate  uses  or  lack 
of  building  control  as  to  height,  courts  and  open  spaces,  are 
the  areas  in  which  the  worst  conditions  as  to  sanitation  and 
safety  prevail  and  where  there  is  the  greatest  violation  of  the 
things  essential  to   public  comfort,   convenience  and   order." 

Another  point  that  is  brought  out  in  the  report  is  that, 
after  high  buildings  are  erected  in  sufficient  number  so  as 
to  prevent  adequate  light  and  air  being  obtained  for  each 
building,  they  do  not  pay. 

One  of  the  elements  which  prevent  high  buildings  from 
paying  is  the  great  cost  of  providing  lifts  and  the  great  area 
of  the  most  valuable  floor  space  taken  up  by  the  lift  service. 
It  is  claimed  by  authorities  that  it  takes  three  times  the  lift 
capacity  in  car  mileage  for  the  second  flight  of  10  storys 
as  for  the  first  flight  of  10  storys. 
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unroii.  i   thai  the  merchants  o( 

Fifth  avenue  unanimoni 

to  one  and  a   fourth  tii^-  width  ol  :ii    minimum 

height 

In  II  high  buildings  pay  t h.-> 

row  their  light  and  aii  it   property.     So  loi 

i  rental  i  alue. 
Hut  they  destro)  the  light  and  air  ol  the  lower  buildings  Bur- 
rounding  them.    One  high  building  m 
in k  pi  ius  extent 

And   it    has    been   Bhown   thai    the    worst    feature   ol    high 
buildings  is  that  while  they  prevent  the  tree  circulation  of 

air,  obstruct  light  and  cai  a,  at  the  same  i> they 

do  not  pay;  they  cause  great  lo  immunity  In  having 

with  the  Berious  traffic  problems  thi  create  and  the 
■  .his.'  to  public  services  Thai  a  great  increase 
in  the  congestion  of  traffic  would  follow  an  Increase  of  height 
or  buildings  is  clear  to  anyone  who  has  been  In  an  American 
i  Itj  among  the  high  business  buildings  when  work  comm 
in  the  morning,  at  the  lunch  hour,  or  dating  the  time  when 
the  occupants  are  leaving  work  tor  home,  As  New  York 
is  on  an  island,  London  is  much  better  off  In  its  opportunities 
for  developing  laterally. 


German  Colorings  for  Cement 
The   production   of   colored   articles   in   cement    mortar  or 
been  Bomewhal  unsatisfactory,  and  many 

-   which   had   a    pleasing   appearance   when   new    have 
rapidly    deteriorated    and    become    unsightly.     This    applies 
ally  to  concrete  tiles. 
Reds. — The   best   red   colors   are   produced   by   red    bole,   a 

natural    oxide    of    iron    whose    tint    has    been    developed     OJ 
Hon  and  calcination.    It   is  largely  used  as  the  basis  Of 
red  oxide   paints. 

Several    varieties  ixlde    are    available,    they    vary 

considerably  in  composition,  according  to  the  amount  of  com- 
bined water  present.    The  i-nim  ppear  to  be  directly 
:    to  the  chemical   composition,   hut  rather  to   the  size 
and  density  of  the  particles. 

One  of  the  best  i  by-product  in  the  manufacture 

of  sulphuric  acid  from  calcined  pyrites,  but  for  use  with 
cement  it  should  be  free  from  sulphurous  acid,  which  is  a 
common  cause  of  scum  and  discolor 

Yellows.— Ochre  is  the  chiel   material  used  for  the  produc- 
tion of  a  yellow  color    •  >rk.    It  is  a  weathering 
nous   felspar   and    of   very   variable   compo- 
sition,   Il  is  usual]                      everal  years  in  the  open,  then 
ground    and    levigab                    to   separate   coarse    impurities. 
Omber   is   a   darker  color,   but  in  many  respects  similar  to 
and   umber    reduce  the  strength  of   the 
t  mortar  or  concrete. 
Zinc  yellow  tzinc  chron  es  used  as  a  yellow 
at,  but  its  pr                      rally  too  high  for  its  extensive 
use  In  (                               ;  work. 

Blacks.     There    are    two    chief   sources    of   black    pigment 

Buitabli  1th  cement  namelj    manganese  black  and 

carbon  bla<  I  ■   blacks  consisl  chiefly  of  manganese 

n  hile  carbon  bli  late,  black  Bhale  or 

nip  black. 

nt.    All 
particular!  ind     Usually 

lack  i-  mot.-  serviceable  than  carbon  black,  but 
tly. 

Greens  and    blues  arc    made   from    ultramarine    with   some 

QTOmlum  oxide,  ultramarine  increases 

nt  on  account  of  I  (ci  lloidal  > 

tnd  aluminum   pn  il   hydraulic   prop- 

'  bromlum 
bichromate  ami 
ir.  It  should  be  bought  .  Bcult. 

I 
at  count   of  the 

oxidation  of  the  ir. 
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The  Engineer  as  a  Business  Man 

Sum.'  verj    pertinent  were  made  recently   by 

Mr.  it.  c  Harris.  Commie  loner  of  Works,  Toronto,  in  his 
address  on  the  Bubject  ol  "Engineering  Education"  to  the 
student  members  of  the  Kngineerlnj  Societj  ol  the  Unlvera- 
Itj  ol  roronto.  rhi  engineer,  he  Bald,  .ones  from  the  Uni- 
versity essentially  a  builder,  and  feeli  It  his  duty  to  design, 
draft  and  build,  but  in-  ran  Ij   ha    a  propel  conception  of  en- 

ring    in    relation    to    busines         He    is    a    trust f    the 

health  ami  comfort   ol   the  c munity  and,  to  some  extent, 

Hi.'  public's  banker  To  him  are  entrusted  the  problems  of 
securing  pure  watei  ige,  clean  air.  etc.,  yet  it  is 

said  the  engl r  is  not   a  good  admin!  trator.     That  fault 

ii-'     n"i     o   much    wiih    the    Indh  Idual   a     with   the   i  \ 

He    hs      abllll       tot      idn  analytical    ability. 

ami  has  been  taught  to  think  properly.  He  designs  ami  ms- 
uaiises  the   finished   prod   el     but    ho\i    often   does   he   relate 

the  design  to  the  ctoi        ["he  engineer  requires 

Bssentiallj   to  be  a  mac  iragi     a  man  with  a  vision  to 

look  into  the  future  and  de  ign  hi,;  work  with  the  assurance 
that  he  is  right  and  that  the  future  will  demonstrate  the 
reasonableness,  the  safet)  and  the  usefulness  of  his  work. 
He  must  be  ready  to  bran,  li  out  and  not  hesitate  because  the 

thing  has  not  been  d< before      The  engineer,  again,  should 

have  the  courage  to  proti  ins  client,  to  give  him  that  which 
is  required  rather  than  thi  i  which  is  desired;  and  while  pro- 
tecting his  client  against  himself  he  must  at  the  same  time 
protect  his  own  reputation.  In  the  end  it  is  the  engineer 
who  must  bear  the  censure  if  any  mistakes  are  made.  Many 
in.  ii   are  failures  as  engineers  because  they  lack   initiative; 

thej   di i   do  the  proper  thing  at  the  proper  time,  but  are 

content  to  travel  along  the  beaten  path,  content  to  follow 
the  lead  of  others.  Do  not  be  afraid  to  reach  out;  the  man 
who  does  so  will  make  mistakes — every  man  does— but  a 
mistake  is  of  infinite  value  when  it  is  a  lesson.  An  engi- 
i  raining  should  equip  him  with  tile  capacity  to  handle 
ancles,  for  the  life  of  an  engineer  is  practically  one 
long  emergency.  Instead  ol  associating  wholly  with  his  pro- 
fessional brethren,  he  should  go  out  into  the  world  and  meet 
business  men  in  various  branches  of  industry  so  that  hi 
get  some  of  their  perspective  and  absorb  some  of  their  vision 
and   view  points. 


American  Engineering  Advertisers  to  Meet  at 
Milwaukee  June  12  and  13  in  The  First  Na- 
tional Industrial   Advertising  Conference. 

The  program  and  exhibits  of  this  conference  are 

being  planned  to  afford   the  largest  possible  interest 

ami  value  to  Industrial  advertisers.     The  conference 

forms  tin    central  feature  of  the  A.  A.  C.  of  \v.  con 

hlwatikee  June  11  to  15. 

Industrial  sessions  will  be  held  on  the  afternoon  of 
June  12,  and  mi  both  morning  and  afternoon  of 
June  13. 

Keith   .1.    K-.  ping     Advertisers'   Assn., 

v'i>     Mgr   Jo     r    Ryerson  &  Son,  16th  and 
Rockwell,   Chii  i  man   ol   the  conference! 

ami  Ru  616  South   Michigan  Ave.,  Chl-J 

cago,  is  chalrmai  blbil  committee     Screen! 

::  ft.  by  6  ii   are  to  i"  i  and  the  cost  (lo  cover  ex- 

pense  onij  i  is  S4.00  per  running  foot  <G  sq.  ft.)  of 
■  ii  plaj  pace.  The  membei  of  the  Engineering  Ad- 
vertising Association  ....  underwriting  lb.-  expeOM 
ae    paj  D  (     bibii    Committee  of 

lb''    \     A     C.   Of  W.  mil    '    I.,     ma. lo   in   advance 

ii  ;.ou  desire  a  hotel  reservation,  write  or  wire 
Hi     H    i.    Delander,  Crane  Company,  n::i;  s    Mlohl 

i.  ami 
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How    Dishonest    Retailing    Is    Being 
Overcome  by  Trade  Marking 

The  Supreme  Court  has  just  rendered  a  decision  that 
apparently  is  a  big  step  forward  toward  the  goal  of  honest 
merchandising.  The  decision  virtually  overthrows  the  old 
common  law  principle  of  "letting  the  buyer  beware,"  and 
makes  it  illegal  to  deceive  the  buyer  by  the  use  of  misleading 
or  untrue  designations  of  products.  Hitherto  it  has  not  been 
illegal  to  call  a  cloth  "woolen"  even  though  it  were  90  per 
cent  cotton,  but  hereafter,  as  we  understand  the  decision, 
such  practices  will  be  at  the  seller's  rather  than  the  buyer's 
peril. 

For   many   centuries    trade    marks   have    existed,    but   only 


within  a  hundred  years  have  the  courts  recognized  them  as 
legal  property.  Indeed,  it  was  but  50  years  ago  that  America 
and  England  passed  laws  providing  for  the  registration  of 
trade  marks. 

The  oldest  trade  mark  of  which  we  recall  mention  is  the 
word  "Sterling."  Its  origin  is  disputed,  but  the  word  is  com- 
monly supposed  to  have  been  first  applied  to  silver  coins 
issued  by  a  group  of  merchants  in  eastern  Germany,  who 
were  known  as  Easterlings  or  "Sterlings."  Be  the  origin 
what  it  may.  the  word  sterling  as  applied  to  silver  money  or 
silver  ware,  came  to  signify  a  certain  standard  of  purity  as 
early  as  the  year  1100  A.  D. 

During  the  past  half  century  manufacturers  and  whole- 
salers have  increasingly  endeavored  to  mark  or  brand  their 
products  so  that  the  retail  buyer  may  know  exactly  what 
he  is  buying.  Many  difficulties  have  had  to  be  overcome  in 
accomplishing  this  end.  particularly  in  those  lines  where 
the  goods  are  not  retailed  in  containers  or  packages.  How. 
for  example,  can  apples  or  oranges  be  so  marked  as  to  indi- 
cate who  has  grown  them?  A  label  pasting  machine  has 
been  invented  to  paste  labels  on  fruits  so  effectively  that  the 
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label  will  adhere  through  all  vicissitudes  of  transportation 
and  handling.  A  certain  hotel  that  grows  its  own  apples 
pastes  a  paper  stencil  on  each  apple  before  it  has  ripened, 
and  the  sun  photographs  the  hotel's  name  on  the  apple  skin. 
Even  the  problem  of  labeling  fish  seems  to  have  been  solved 
by  the  San  Juan  Fishing  and  Packing  Company,  by  fastening 
with  pins  a  label  to  each  kippered  salmon. 

"Sealshipt"  oysters  were  forced  out  of  the  market  as  such 
because  it  was  impracticable  to  prevent  substitutions  of  in- 
ferior oysters. 

For  several  years  certain  manufacturers  of  wire  rope  have 
trademarked  their  rope  by  weaving  a  colored  strand 
through  the  rope.  Now  comes  a  manufacturer,  the  Williams- 
port  Wire  Rope  Co.,  with  an  excellent  extension  of  this  idea. 
This  company  makes  six  different  grades  of  wire  rope  for 
different  purposes.  Accordingly  it  weaves  a  special  tape 
through  each  rope.  On  the  tape  is  the  name  "Williamsport," 
and  the  kind  of  the  wire:  (1)  Improved  Plow  Steel,  (2)  Plow 
Steel,  (3)  Extra  Strong  C.  C.  Steel  Mild  Plow,  (4)  Crucible 
Cast  Steel.  (5)  Mild  Steel  Elevator,  (6)  Iron.  Six  different 
colors  of  ink  are  used  in  printing  the  six  different  "Telfax 
tape  markers." 

By  this  innovation  the  buyer  is  able  not  only  to  identify 
the  manufacturer  but  also  to  identify  the  grade  of  steel  that 
the  rope  contains.  A  tricky  retail  dealer  can  not  substitute 
one  grade  of  this  rope  for  another  without  risk  of  immediate 
detection. 

Little  by  little  the  ingenuity  of  manufacturers  and  their 
sales  managers  will  probably  overcome  all  the  difficulties 
inherent  in  assuring  the  retail  buyer  that  he  is  getting  the 
exact  grade  and  make  of  article  that  he  wants. 

In  this  connection,  the  editor  recalls  a  recent  conversation 
with  a  building  contractor  who  said  that  three  out  of  four 
letail  lumber  dealers  are  so  dishonest  that  he  could  not  rely 
upon  them  to  deliver  the  grade  of  lumber  ordered.  Probably 
it  is  the  general  existence  of  such  dishonesty  that  has  led 
to  the  recent  agitation  in  favor  of  grade  marking  every  stick 
of  lumber  at  the  mill. 


I  ontrat  ting    for  Jutn    /.    1922. 


The  Absurdity  of  a  "Fourth  Dimension 
of    Space" 

rlALBERT    P     QILLET1 
mathematics  is  still  encumb< 

■    absurd   ■  ■:   «  ■'■>   the 

;  lion  that  it  is  pot  Ivable 

d  pie,  Inflaltj  Incon- 

great    quantity,   than   which    1    know    nothing   more 

ill.'  definition  "f  .,     • ..  ometblng  thai 

.  tfa  i>ut  no  w  Idtb  or  thl<  ki 

nitlon 
But,   ii    \\  ill   be  asked,  bow    comi  3  It  tl 

•  worth    while   enginee    ol    thought    11    thej 
unded  on  absurd  definitions?  1    is  that  al- 
though the  rerbal  definitions  ol  lines  and  Infinitesimals  are 

Phe  real  definitions  are   true.     A   physical   lino — and 
always  has  thl<  I 
An  Infinite  quantity    is  not   Inconceivably  gTeat,   but   is  as 
.    an1  111  conceive  it    An  Infinitesimal  is  as  small 
It,     Tlu>   integral  sign   Indicati 
Infinite  quantity  (thus  defined)  and  the  Infinitesimal  sign  is 
Iprocal,  wbence  it  follows  that  the  Integral  of  I 
ilmal  is  the  unit  quantity  under  consideration. 
It  is  often  said   that  luantitles   are  lnc< 

what   is  tbi  conception. 

mental   picturing,  if  the  thing   is  visual      Verj    well, 

a  trip  from  New  York  to  San  Kruno  <  1      Neces 

mental    picture    is    a    moving    picture,    not    an 

So  it    is  with  conceiving   great   num- 

•  them   by   successive   steps   ol   addition   or 
multiplication,    eacb    step    being    readily    visualized.      It    Is 

ird  to  ask  yon  to  conceive  a  million  al  one 

5  America  at  one  stroke, 
numbers  and   very    small    num  onceiv- 

-  I  .   successive  addit  Ions  or  multiplii 
■  lass  by   ■  iibtracl  Ions  or  dt\  isions. 

Writers  about   Einstein's  theory  ol  relativity  have  usually 
attempted   to  explain   time  as   being   a    fi  urth   dimension  of 
The   average   man    instinctively    resists    such   an   ex- 
planation,   for    he    can    not    conceive   a    fourth    dimension    ol 
be  is  usually  silenced  by  the  assertion  that  it  is 
thing   in   order   to   reason   about 
it.  and   certain   examples   ol   alleged   reasoning   about   incon- 
bles  are  cited.     I  have  just  indicated  that  such  examples 
avolvi    falsi    ■. '  1  bal  defini 
■     the)    Involve    a    false    conception    of   the 
(inception.     Let   us   now   consider   how    n 
that   a    fourth   variable    (timei    In    Einstein's    formulas 
llj    taken  to  mean  a  fourth  dimension  ol 
I  n   and    zinc   are   three   metals    thai    are   used   to 
■ 

■  ■    ogtb   "t    the   •  oy   will 

1    three  vari- 

•    alloy   i-   a   fourth    i  dependent) 

•    lour  quantities  can  be  platted  on  a 

.   ...irl>    rubd    1  hart,   using   dimensions   to   indicate   their 

gnltude,  but    it   doi 

dimension  ot    pai  e;  it  it  men  lj  a 
le,   althougl  graphically  illustrated   dlmen- 

i'ie  holds  true  ol  the  fourth  variable 
mulas;   it   is  no  mon    a  fourth  dimension 
■ 

a  variable   in   the    Einstein   for- 
mula adlcated  in 

ootber,   and  1  ,,    I,,- 

a   dlmenaii 

-   although 

'■urth    variable   that    is   quantl 

pace  springs 
from 

tly  the  same 
alloy 
space, 
■ 

John  tiOU    of 


Einstein's   original    relativity   theory,    ol    t an 

was  pointed  out  bj  Minkowski  thai  what  Elns.ein  had  reallj 

.••-   to  inat   time  a-  the  fourth  dimension        u 
who  are   unaware  of  this  fact   are  apl   to  think   thai   a   con- 
firmation ol   :  formul ifli ins  the  ti 

.1-   a   fourth   dimension   ol      |  they   mistakenly    assume 

that  Einsti  in's  deduction  d  on  the  fourth-dimension 

bj  pothesls,  w,i,    not. 

tl  mists   ha\  e    tl  ■■■!    enl 

Inarj    two-dimensional   1  1    could    ool   conceive  a 

0;  and  ogj  to  Indicati 

although  w    thi  ee  dim*  u  an  not  conci 

tourtli  dimension,  still  n  may,  i  xisi  Bui  they  do  not  carry 
their  analog}  to  any  useful  conclusion,  for  to  be  applicable 
thej  Bhould  show  that  some  two-dimensional  creature  has 
"as. 11.  ird   dimension,   even   though 

!  •    could  not  •  onceive  it 
1  need  no!  dwell  on  thi  tin  olvi  d  In  the 

'  Ion    of   two                           n  atures,    tor    ii    would    be 
obvious  that    tiii--     -    om    o  pseud aceptlone    that 

philosophical   thinki  1    In.     Lei    them    tell    us 

exactly  now  they  mentally  pictun  1  two-dimensional  creature 
as  capable  of  perceiving  and   n  1  oning      11   it   cannot  move 

not  measure  diBtanci  isequentl]  ran  not  reason 

tativelj   about  either  ol  ihi    two  dimensions  that  com- 
pass  it.     Let  them  tell  us   bov      uch  a   creature  would  see, 

' .  or  taste,  or  1  Banner  any  thing.   1 1 

ol  thickness  it  would  havi  ind  would  neither  ,  . 

nor   tran-form    energy       The    tl   ith    is    thai    a    two-dimensional 

creature  is  exactly  as  absurd  as  Euclid's  definition  ol  .1 

01      !    -Iirla  1  ell,: 

nig  inconceivable  we  can  affirm   nothing  about   it   except  its 
com    Ivability.     To  use  an  inconceivable  thing  as  an  illus- 
tiation    01    example    of    how    we    may    conceive    a    fourth    di- 
ne of  asinine  i  •  asoning 


An  Analysis  of  Government  Expenses 
for   1922 

11   i-  astonishing   to  lean   U  t  almost   three-fourths  of  the 

1922   are  of  a   military  na- 

.inil  thai  if  we  excludi  posl  office,  which  is  almost 

bag,   the  total   ■  oon  military   purposes 

an    onlj  one-sixth  of  I  military  pui  1 

The    following    table    givi  n  e    budgets    for    v.'2Z 
in  millions  of  dollars: 

$105 

27 

I  lepai  1  mi  nl   ol    Agi  icultun  i^ 

rior   1  ■■  pari  ment  3-1 

1  11  pai  tmenl 

Othei  213 

Total    ..$453 

POS I  

Total 

Army    < 

Navy    

Shipping  Board  50 



Vet'  ran-  of  other  wars 

Interest  on   debt     . 

Sinking  fund  on   debt ... 

'..-   military  il'ii 

Total  milltai  .  $2,772 

Grand  total  ..  ... 

ii  win  be  noic i  thai  $638,01 is  the  estimated  expend!- 

ii    behalf    of    war    vi  10    per    cent     more    than 

all   thi  ■  -lu-  ive  of   -  .  and 

almost   as  much  as  the  combined  expensi  •    and 

na\  J  . 

Sinking   [ui  debts,   total   $2£ 

or  60    per  cent  ol   all   non-militarj    expenses    other   than 

i  es   vs  heiher   it    would    not 

be  wiser  to  deter  reducing  thi  nation  ational 
credit  would  not  be  Impaired  bj  refunding  debts  as  the] 
mature,  it  would  Beem  wise  t"  di  fei  i  m.  A  finan- 
cially   sliong    nation    differs    fr an     individual    or    B 

ompany   In   that   it   can  always   refund   its  debts,  and   I 

1 1  ■      recaution    thai  an  Indh  Id 
pany  Most    companies    refund    their    bonded 

del, is  time  after  tune      Then   why   should   not   our  government 

icrl    then    lower    I 
taxation? 


Engineering   ami   Contracting  for  Jinn-   ;.    1922 


535 


The  Progress  of  Socialism  in  Australia 

Ten  years  ago  much  was  beard  oi  socialistic  government 
in  Australia,  and  ol  Che  promising  future  of  that  country 
under  the  rule  of  the  "working  i  I  i  We  are  now  begin- 

uing  to  hear  that  the  experiments  have  not  turned  out  very 
well  In  our  Foreign  Review  Issue  last  week  we  quoted  an 
editorial  article  In  The  Commonwealth  Engineer  on  "Labor 
Unionism  in  Australia  to  the  effect  that  Au  tralian  "towns 
are  under-industrialized  and  country  districts  are  undercultl- 
When  it  Is  realized  that  In  Australia  the  labor  part; 
has  been  dominant,  and  that  labor  union  socialism  has  had 
full  plaj  tor  man}  years,  it  is  difficult  to  avoid  the  inference 
that  majority  control  Of  the  minority  Tu  industrial  matters 
is   not   conducive  to  prolonged  progress. 

majority,  be  it  remembered,  is  usually  quite  as  selfish 
as  the  minority,  and  a  good  deal  more  shortsighted.  A 
selfish  minority  of  capitalistic  leaders  might  block  progress 
quite  as  effectively  as  a  selfish  majority  of  socialists  or 
unionists,  and  probably  would  do  so  were  it  not  that  com- 
petition among  capitalistic  leaders  puts  a  pretty  effective 
curb  upon  their  selfishness.  They  compete  among  them- 
selves to  hire  mental  and  manual  workers.  This  competition 
stimulates  both  employer  and  employee  to  increase  his  out- 
put in  order  to  increase  his  personal  income.  Selfishness 
is  thus  made  to  act  so  as  to  aid  economic  progjress  rather 
than   to  retard   it. 

Eleven  percent  of  all  adults  in  Australia  are  on  the  Govern- 
ment payroll,  as  contrasted  with  less  than  two  per  cent  in 
Anorin  Bearing  upon  this  condition  we  quote  the  follow- 
ing from  the  London  Times: 

.Mr.  3,  H.  Cordon,  president  of  the  Associated  Chambers  of 
Commerce  of  Australia,  in  his  address  to  the  ISth  Congress 
of  Chambers  at  Hobart  a  month  ago,  pointed  out  the  exact 
sequence  of  events.  Mr.  Gordon  expressed  the  opinion  that 
many  of  the  financial  difficulties  were  self-imposed  and  at- 
tacked  the  excessive  legislative  interference  with  business 
which  had  been  indulged  in  by  the  Commonwealth  with  dis- 
atrous  consequences  to  the  public  finances.  He  mentioned 
that  one  adult  in  nine  is  on  a  Government  payroll,  and  added: 
"The  Government  is  always  a  bad  trader  and  a  poor  em- 
ployer, and  it  is  a  matter  for  amazement  that  there  should 
be  any  person  still  so  impoverished  in  ideas,  so  lacking  in 
political  sanity,  as  to  be  still  prepared  to  advocate  Govern- 
ment ownership  and  control."  Such  an  expression  from  a 
prominent  business  man  of  a  country  in  which  Government 
ownership  has  had  every  advantage  and  opportunity,  serves 
to  drive  home  the  lesson  which  the  people  of  these  islands 
have  learned  at  such  a  heavy  cost  to  their  pockets  during 
recent  years. 


The    President   Offers    Congratulations   on 

Success  of  the  Unemployment 

Campaign 

President  Harding  has  written  to  Secretary  Hoover  to  ex- 
press his  gratitude  for  what  was  accomplished  during  the 
past  winter  and  spring  in  relieving  unemployment.  While  the 
President's  references  are  directed  chiefly  to  the  Unemploy- 
ment Conference  and  its  committees,  all  public  officials  and 
private  individuals  who  put  forth  their  efforts  in  this  cause 
may  fairly  accept  a  measure  of  the  praise  as  their  own,  and 
may  justly  take  pride  and  satisfaction  in  the  accomplish- 
ments. The  President's  letter,  which  bears  date  of  May  :':'. 
follows : 
My  Dear  Mr.  Secretary: 

Now  that  the  revival  of  employment  through  the  country — 
except  for  the  strikes — has  so  greatly  improved  our  situation 
that  our  anxieties  in  this  particular  are  largely  removed,  I 
wish  to  extend  my  gratitude  to  every  one  of  the  great  body 
of  our  citizens  who  gave  such  efficient  service  in  the  organi- 
zations set  up  and  co-ordinated  under  the  Unemployment 
Conference  of  last  autumn.  The  conference  members  and  its 
standing  committees  deserve  great  credit  for  the  successful 
inauguration  and  stimulation  of  the  great  simultaneous  move- 
ment in  the  community,  and  its  continuing  organization, 
which  has  so  greatly  succeeded  in  the  mitigation  of  what 
otherwise  would  have  been  great  suffering. 

We  have  passed  the  winter  of  the  greatest  unemployment 
in  the  history  of  our  country.  Through  the  fine  co-ordination 
and   co-operation   among   federal   and   state    officials,   mayors 


ami  their  committees  of  employers,  relief  organizations  and 
citizens,  we  have  come  through  with  much  less  suffering  than 
in  previous  years,  when  unemployment  was  very  much  less. 
So  much  has  this  been  the  case  that  except  for  the  intensi- 
fication of  public  works  by  the  federal,  state  and  municipal 
governments,  the  demand  for  aid  to  the  unemployed  from 
the  federal  treasury  disappeared  in  the  country.  Only  two 
or  three  of  our  large  cities  failed  to  secure  co-operation  to 
the  best  advantage. 

For  this  inspiration,  organization  and  co-ordination  of  the 
community,  and  for  the  forces  making  for  common  action, 
the  Unemployment  Conference  and  its  standing  committees 
deserve  great  credit  for  a  work  quietly  and  efficiently  car- 
ried out. 

In  this  note  of  appreciation  I  wish  to  include  the  Secretary 
of  Labor  and  Colonel  Arthur  Woods,  the  director  of  the  work. 
Yours    faithfully, 

WARREN  G.  HARlUNi; 


Invitation  to  First  Meeting  of  American 
Construction  Council 

Lacking  facilities  at  present  for  direct  communication  with 
the  thousands  of  important  men  in  the  construction  industry, 
the  temporary  directing  committee  of  the  American  Con- 
struction Council  begs  leave,  through  the  columns  of  the 
engineering,  architectural  and  construction  press  to  extend 
a  personal  invitation  to  each  member  of  the  industry  to 
attend  the  organizing  meeting  in  Washington,  D.  C,  June 
19  and  20. 

The  step  contemplated,  that  of  bringing  together  for  co- 
operation in  behalf  of  the  industry  and  of  the  public  all  the 
elements  of  construction  activity — engineers,  architects,  labor, 
the  contractors,  the  manufacturers  and  dealers,  and  the 
financial  interests — is  epochal  in  American  industry.  It  de- 
serves, and  promises  to  have,  the  full  support  of  the  entire 
industry.  A  full  representation  at  the  organizing  meeting 
will  be  the  best  testimony  to  the  country  of  the  solidarity  of 
construction  interests  in  the  new  movement. 

Full  details  of  the  plan  are  set  forth  in  a  comprehensive 
pamphlet,  procurable  from  the  temporary  office,  1053  Munsey 
Building.  Washington,  D.  C.  The  meeting  will  be  held  in  the 
Washington  Hotel.  Mr.  Hoover  will  preside. 
TEMPORARY  DIRECTING  COMMITTEE,  AMERICAN  CON- 
STRUCTION  COUNCIL, 

R.  C.  Marshall,  Jr. 


Plans  and  Purposes  of  The  American 
Construction    Council 

Broadly  speaking,  the  purpose  of  the  council  will  be  to 
place  the  construction  industry  on  a  high  plane  of  integrity 
and  efficiency,  and  to  correlate  the  efforts  of  existing  organ- 
izations. Its  purposes  and  plans  somewhat  more  in  detail 
are  announced  by  Mr.  Noble  Foster  Hoggson  of  New  York, 
Director  of  the  Associated  General  Contractors,  as  follows: 

The  first  efforts  of  the  council  will  be  devoted  to  a  solution 
of  the  more  pressing  of  the  many  problems  which  await  set- 
tlement.    Among  the  most  important  of  these  are: 

The  formation  of  a  code  of  ethics  acceptable  to  the  indus- 
try and  to  the  public. 

The  gathering  of  adequate  statistics  so  that  the  industry 
may  operate  intelligently.  While  there  are  partial  statistics 
collected  by  many  sources,  they  have  not  been  brought  to- 
gether and  interpreted  in  the  light  of  all  the  facts. 

A  reduction  of  the  national  shortage  of  building  mechanics 
and  the  establishment  of  the  necessary  apprenticeship  system. 

A  national  study  of  building  codes  and  the  working  out 
of  a  program  for  carrying  the  recommendations  into  effect. 

A  revision  of  the  existing  freight  rates  on  construction 
materials. 

A  stabilization  of  the  construction  industry  to  mitigate  the 
evils  of  seasonal  employment  and  the  trade  migration  of 
labor. 


City  Plan  Budget. — The  City  of  St.  Louis,  Mo.,  has  pro- 
vided $20,596  for  the  use  of  its  city  plan  commission  during 
the  year  ending  April  10,  1923.  Of  the  total  $19,036  is  for 
salaries  and  wages. 
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Making  the  Most  of  the  Construction 

Season 
compiled    bj    the   Illinois 
the  fact  tli.it  tii.  number  of  days 

irk   in  lllino 
during    the    1921    constru 
iximately  two-thirds  ■•f  ii>.    ■•  ■  at  thi 
:  i   was  idle, 
(rhen    contracts    were   award 

and   the  spring  i>n.;ikii|i  tin. is   tl nti 

during  which  thi  may   be  built 

When    ;i    paving 
.  quipment    conBtsti  d  lall    mixer, 

nen  «  heelbarrovi  a  and  a     u 
-   no)   a   greal    axpi  ■  however,   when 

road  building  equipment  on  a  Blngli 
ment  ol  many  thousands  ot  dollars, 
operating  da)   is  ol  prime  Importance  to  thi 

pavement    manufacturer    maij     i"  '■'-     the 

-   adopted   bj    the   factors    manager    when   important 
lied   in   a   limit.-.l   timi       One  ol    the   flrsl 
.   manager  is  the  "night  shift"  which 
doubles  the  output  without  Increasing  the  planl   investment, 
on  is  short  ami  the  Investment  in  paving 
plant  is  high,  that  part  of  the  ui>t  per  square  yard  of  pave- 
ment chargeable  ii>  equipment,  rental  and  overhead   lias  al- 
ive.   Tli is  cost  may  be  materially  reduced 
by    doubling    the    yearly    production    with    a    two-shifl 
Many   contractors   have   already   availed   themselves   ol 

on    and 

the  1921  season  presented  many  instances  <>f  the  sued 

t!i.-  double  shift. 
The  r. -suits  have   been   gratifying.     In  almost   everj 
the  nielli   shift,   working  during   the  cooler  hours,  has   con- 
tly    placed    more    pavement    than    the   daj    crew.     The 
qualit]   ot  the  pavement   was  as  pood  as  thai   placed  during 
the  day.    This  was  accomplished  with  only  a  small  additional 
equipment    and    two-mixer    output    was    thus    obtained    with 
\er  investment 

During   the   summer   months    when    the    days   are    long,    it    is 

the  contractor  to  use  I  i  a.cb  working 

hours,  withoul  the  need  ol  artifli  lal  »m    crew-. 

working  from   t  a    m.  till  noon  and  the  other  from  noon  till 
v  p.  m  .  w  ill  und<  i  ions  proi  Ide  a  16- 

hour  day  during  practically  all  of  which  there  will  be  i  nougfc 

daylight    for    plat  ii l{ 

The  advantages  id'  two -hilt  construction  ate  not  confined 
to  tic-  contractor.  With  such  a  plan,  double  the  number  of 
men    ;  tit.   and    the   load    will    he   completed 

and   opened    to   traffic   in    half  the   tine        There   will    he   a   cor- 

i  .mi;  reduction  In  detour  mainl  I   ami  in  the 

traffic    incurs    when    using    the 

I  .ads. 

Everything    favors   two-shifl    pavement    construction.   Only 

tic    ■  u-lom  of  doing  out-of-doors  work   by  broad  daylight   has 

prevented    Its    more    general    use       Labor    i      plentiful   and    the 

contractor  mu-t    avail    himself   of   every    opportunity    to    make 

the   most   Of   his   investment    in   plant. 

There   Is   another  angle  to  this  BUbJecl    thai   must   not    bi 

■  ked.      A    larger    mileage  of   hard    surfaced   mads   is    im- 
;        With     a  truction     season     in 

which  to  pro  oads,  the  public  ha    a    ighl  to  demand 

that   this   season  in-  utilized   to  the  fullest    possible  extent — 

■    |  [(       .  anizatlon     In  order  that 

of   highway    may    In-   completed 

n   ami   made   available   tor   tie    taxpayer's 
Editorial   in  Concrete   Highway   Mag 


Haulage  of  Concrete  from  Central   Mixing 
Plants 

oi    road- 
o tral  mixing  plant  b  t  to  thi 

this  mi  High 

in  tie    imp.  requir- 

■  it  this 


lably    through    initial   setting       Even    though    such    has 
occurred    lo    some    extent,    the    mixture    may    he    us.  fill 

vestigation   has  shown   that   concrete   may    in-   remixed   with 
Intl.    or  no  ngth  up  to  the  thii  ■ 

original   mixing.     Another   bou I    possible   trouble   is   in 

tion   ot  the  aggregate   which    it    has    been   found 
may  he  prevented,  in  some  n  least,  bj    tie 

In  dialed   lime. 

nt   tests  made  hy  the   i      s.    Bureau   ot   Public  Roads 
indicate  that   .,  considerable  time  maj    Bafelj    be  allov 
.■lapse  between  mixing  and  use   without   appreciable   li 

Hi        Gravel    concrete    ol      '     '         3     mix     was     hauled     in 
trucks    and     the    material    t.     i  eriod     of    elapsed    time 

varying  from   16  minutes  to  ::  hours  ami  10  minutes      it   was 
found   thai   the  average  crusl  Flinders   was 

HUB    lor  all    spei  linens,    hut    that    the    work- 
ability   diminished  markedly   after  the   Brst   hour.      Apparently. 

the   practicability  of  the  method    »ould  depend   upon   work- 
rather  than  tlnuti     the  mixture 

«;is   toe  drj    in-    hand   Bnishin  I   lOUgh    it    mighl    have   hern 

used  up  to  2  hours  ol  elapsed   tirm    with  a  pavement   finish- 
ing  machine.      It    CI  BO    long    as    conCT 
workable  after  hauling,  its  Btrengtli   would  be  sufficient,  and 
thai    the   most    practicable  way    ol    utilizing   concrete   hauled 

from   a   central  mixing   plant    i  ■  aiploy   a   machine   in 

t    work    when     is    it    impracticable    to   mix 

i,    at   the  poinl  ol    usi    this    method   has   become  very 
promising.— Editorial   in   The   Canadian    Engineer. 


English  Unemployment  and  the  Importance  of 
Highway  Improvement 
The  necessity  of  providing  work  tor  the  unemployed  during 
the  past  two  winters  lias  considerably  disorganized  the  nor- 
mal program  of  outdoor  work  hy  local  authorities,  and  much 
work  which,  under  ordinary  conditions,  would  not  have  been 
pui  in  hand  until  the  spring,  ;  i  been  proceeded  with 
throughout  the  had  weather.  Although  this  work  litis  allevi- 
ated a  great  deal  of  distress,  owing  to  the  frequent  stoppages 
due  to  inclement  weather  it  cannot,  of  course,  give  as  good 
a  return  for  money  spent  as  similar  operations  carried  out 
during    the    spring   and    summer      Now     the    In  Iter    weather    is 

within  measurable  distance,  however,  local  authorities  will 
undoubtedly  be  considering  still  further  activities  iii  this 
iliid  lion.  The  largest  item  in  the  unemployment  relief 
schemes  (as  in  municipal  work  in  more  normal  times  i  is  road 
construction  and  reconstruction,  and  rightly  so;  for  the  in- 
creasing use  of  motor  transport  is  emphasizing  more  every 
day  the  important  position  the  roads  will  take  in  the  trade 
and  commerce  of  the  country  in  the  future.  Motor  manufac 
turers  are  using  ever)  endeavor  to  regain  for  the  roads  the 
popularit]  thej  mice  enjoyed,  ami  the  penetration  of  heavy 
char-a-bancs  and  lorries  to  rural  districts  has  presented  to 
local  authorities  a  problem  which  will  have  to  he  solved.  The 
advent  of  the  motor  omnibus  led  to  the  reconstruction  on 
more  solid  lines  of  the  roads  which  they  used,  and  it  is  obvi- 
ous  that  those  responsible  for  the  maintenance  of  second-  and 
third-Class  roads  in  rural  areas  will  have  to  follow  in  the 
II direction.     Motor   transport    has  come   to   stay,   and   il    is 

.  in  i:i i  for  the  well-being  ol  the  country  that  a  network  of 
road     should  he  formed  to  accommodate  this  class  of  traffic. 
Man]     ol    the    existing    roads    are    entirelj     iinsuited    for    heavy 
i     traffic,    and    their    widening    and    reconstruction    will 
Involve  immense  expen   e      Mm    i  a    position    which   has  to 

he  faced,  and  we  are  convinced  that  it  would  he  false  econ- 
omy to  rebuild  these  mads  on  any  hut  the  best  system  known 
ti.  modern  science.    In  such  mi rs  the  initial  outlay  Is  not 

the  Chief  consideration   and.  although    it    might    he   more  costly 

in  the  first  place,  the  concreti  ol   i  is  length 

oi   its  life  ami  low    upkei  worth)    ol   verj    serious 

and     Constructional     Engineering, 

Highway   Planning   in    Maryland,      for   the    loi lation   ol    a 

:    plan   oi    highways    lying    within    threi    mile     ol    the 
treel    plannlni      i   in  ppointed  eai  ly 

in   Ma  County  Comn  Baltimore  C it y 

The  i  omml  Legislature  ot  192 

The  duties  ol  thi  ii  are  to  make  a  topographical 

cent    in  the  cltj   and 
lowing  the  location  Ol   the  highways  and  other 
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Construction    Methods    on    Southern 
Indiana   Road   Job 

i;>    .1.    D.   STEMM, 

Indiana  Stai  ■ 

I. 

Well  i  unloading,  hauling  and  mixing  equipment 

featured  thi  concrel  3.  B     Adam 

Construction  Co,  In  Warrick  County,   Indiana.     This  section 
is  known    is    Federal   Aid    Projucl    No     L6B,   am 
Boonville  from  the  west  county  line;   ii  is  on  the  Evansville- 
French  Lick  Highway.    A  complete  industrial  railway  outfit 
was  used  in  building  the  pavement. 

Two  setups  of  the  central  proportioning  plant  were  made — 

the  first  at  Chandler  and  the  second  at  'Possum  Ridge,  three 

mill's    from    Boonville.      Five   and   a    half   miles   of   pavement 

placed   from   the   Srst  setup,   with   a   maximum   ham   ol 

miles,  and  th<    remainder  from  the  second  setup,  with 

a    maximum    haul    id'    2%    miles,       Aggregates    were    handled 

from  cars  to  the  tunnels  by  an   Austin  gasoline  convertible 

crane    and    clamshell    bucket.      This    crane    earlier    had    done 

nl    work   as    a    dragline  during   the   mailing  operations 

With    it.   over    12,000   cu.   yd.  of   earth    borrow     wore    handled. 

and  a  large  share  of  the  ditches   were  cut.     The  clamshell 

proved  valuable  in  excavating  for  abutments  at    the  bridge 

sites.     The  boom  is  35  ft.  long  and  the  bucket,  is  of  ■'■,   CU.  yd. 

capacity.    In  10  hours  with  this  outfit  two  men    an  operatoi 

and  a  man  in  the  car  -could  unload  about  six  cars  of  crushed 
stone  or  eight  to  ten  cars  of  sand,  each  car  holding  approxj 
mately  33  i  u.  yd.  of  material. 

Between  the  I-'.",  tt  sand  tunnel  and  tile  250-ft,  stone  tunnel 
was  located  the  cement  house.  This  was  98  ft.  long  by  12 
It  wide,  and  was  built  with  a  roof  made  up  of  8  by  12  ft. 
removable  sections,  designed  to  permit  the  use  of  bulk  cement 
handled  by  the  clamshell.  Over  the  center  of  the  industrial 
track,  stetd  hoppers  were  bolted  to  wood  n  supports  below 
the  floor  and  radial  gates  were  fastened  to  these  hoppers. 
The  floor  of  the  cement  house  was  made  high  enough  so  that 
the  radial  gates  were  at  the  same  distance  above  the  track 
as  those  in  the  ablegate  tunnels.  Although  the  cement  house 
was  designed  to  allow  the  use  of  bulk  cement,  sack  cement 
was  used  throughout  the  job. 

In  moving  cement  from  the  car  to  storage  a  flat  car  run- 
ning on  a  narrow  gauge  track  was  found  efficient.  Loaded 
with  :.u  sticks,  the  car  was  pulled  by  a  small  hoist  up  an 
incline  leading  from  the  railroad  siding  to  a  door  at  the 
center  of  the  cement  house.  Here  it  was  run  upon  a  turn- 
table, and  then  pushed  as  far  as  desired  along  a  track  that 
extended  for  the  entire  length  of  the  cement  shed.  Space  was 
left  around  the  hoppers  so  that  men  could  empty  six  sacks 
into  each  in  preparation  for  loading  the  batch  boxes.  With 
this  method,  a  train  could  be  loaded  very  quickly. 

When  cement  was  being  received  at  about  the  same  rate 
as  used,  the  cement  house  was  saved  for  storage  spa.,  md 
a  different  plan  followed.  A  platform  about  20  it.  bum  was 
i  rei  ted  near  the  cement  house.  On  this.  200  to  300  sacks 
we,,-  set  up  at  a  time.  Then  the  train  Of  batch  boxes  was 
brought   alongside    on   a    siding,    and    six     sacks     of      cement 


Measuring    Hoppers  for   Cement. 

emptied  into  each  box.  While  this  plan  required  a  somewhat 
longer  time  for  loading,  it  was  not  so  objectionable  from 
the  standpoint  of  dust. 

Trains  were  made  up  of  from  8  to  It  cars,  depending  upon 
the  grades  encountered.  The  7-ton  Austin  gasoline  engines 
successfully  handled  8-car  trains  over  a  5  per  cent  grade. 
Cars,  batch-boxes  and  track  were  also  of  Austin  make.  Each 
ear  carried  two  batch-boxes.  Sufficient  radial  gates  were 
placed  in  the  aggregate  tunnels  so  that  there  was  one  pair 
over  each  box  when  the  train  was  once  spotted. 

With  the  21 K  Austin  cube  mixer,  a  maximum  of  1.200  sq. 
yd.  Of  1:2:3  concrete.  8-8-6  in.  thick  was  placed  in  ten  hours. 
One  thousand  square  yards  was  considered  a  good  day's 
work.  No  expansion  joints  were  used,  and  dowels  were 
placed  across  all  construction  joints  Five  %-in.  rods.  1  ft. 
long  and  wrapped  in  tar  paper,  were  used  at  each  joint, 
with  the  rods  extending  equally  into  the  two  slabs.  Finishing 
was  done  i  y  a  Lakewood  machine  running  on  Heltzel  side- 
forms.  A  Lakewood  subgrader  and  Huber  10-ton  roller  were 
employed  in  preparing  the  subgrade. 

The  following  statement  gives  in  detail  the  usual  organiza- 
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tion  of  the  contrai 
grading  and  culvert  work: 

MATERIALS   PLANT 
Crane — 

ind  man  In  car 2 

Handling  cement — 

Opcr.  car 

■  ks 1 

Loading  snnd  and  stone 4 

ii  w  mm; 

Track  en              2 

Train  men   (3  crews  of  2  each) 6 

FINK    GRADING 

-    operator   1 

Laborers,    with   subgradei                   4 

MlXlMi    AN1«    IM.  \i'1M;     - 

Form  settei  

Dump                                           3 

Mixer                        reman  and  helper 3 

2 

Flnishirm  machine  i                            band  Ilnlsher 2 

Sprlnklinp    concrete     1  or  2 

2 

Pumi'                             1 

SUPERVISION   AND   MISCELLANEOUS. 

Superintendent    1 

Forem.'!,                       2 

watchman    1 

2 

Tlmi  k.  •     ei                   1 

F    A.  Gageby  was  in  charge  of  the  work  for  the  com 
ami   the   writer  served   as   pri  i    tor   the    Indiana 

Highway  Commission. 

Junior  Civil  Engineer  and  Junior  Highway  Bridge 
Engineer  Examinations 

The  United  States  Civil  Service  Commission  announces 
examinations  for  the  above  positions  to  be  held  June  21  at 
vario-;  -  offered  are  $1,200 
per  year  for  junior  civil  engineer  and  $1,200  to  $1,600  per 
year  for  junior  highway  bridge  engineer,  with  a  possibility 
of  bonuses  up  to  $20  per  month  for  satisfactory  service.  Ex- 
amination subjects  and  weights  are: 
i.  Mat!  ■  20 

ipplled   mechanics 25 

rinK,    including   surveying,    or    (b)    highway 

30 

4.   Edu  2") 

100 

Subject  No.  4  requires  graduation  in  civil  i ingineering  from 
a  college  or  university  of  recognized  standing  not  later  than 
1922.  Full  information  on  these  positions  and  examinations 
will  be  tarnished  upon  request  by  the  Civil  Service  Com- 
mission. 


Highway  Bridge  Engineer  Examination 
The   Uniti  I    ''ill   receive 

applications  until  June  27  tor  the  position  ol  highway  bridge 
engineer  at  a  salary  ol  $1,800  to  $L'.l"o  pi  r  year,  with  possi- 
bility of  a  bonus  up  to  $20  per  month  tor  atl  factory  service. 
Competitors  will  not  be  required  to  report  tor  examination 
at  any  place,  but  will  be   rated  "i>  the  following   i 

which   will  have  the  rel.v 

. .   46 

•       ■ 65 

Total    ,,  ma 

The   ratings  will   be   based    upon   competitors'   swum 

mints  in  their  applications  and   upon  corroborative  evldet 

Applicants    will    be   given    full    inform.it  ion    upon    request    to 

the  fv.il  Bei  *lon. 

t\ 


Earth  Road  Maintenance  in  Massachusetts 
Bonn  -    points  on   the    maintenance   ol    country 

roads  in   Ma  .as  given  b)    R.  I.    Phillips,  Division 

i  lie   Hlghwaj    Department   In  a  discussion 

at  the  last  annual  convention  of  the  American  Road  Builders' 
i      \\  e  quote  b  rom  the  recently 

i leedinge  ol  the  convention 

In  1918  Massachusetts  pat  ed  an  acl   In  reference  to  small 

towns  having  a  valuation  of  ti  I, Thi 

assisted  the  town  by  giving  it  up  to  $50  a  mile.    That  is,  it 

takes  the  valuation  of  a  town  divides  up  the  number  of 

miles  of  road   In   the   town  and   thai  :  tin    Valuation 

1918.     1    have   charge  of 
two   counties    in    v.  Last    year    under 

this   act    we  had   about    1650  I    road   to  maintain.     The 

mount  ni   money     •  In  ail  the  towns  is  $88 

w  ell,  i  bal  mall  sum  of  mi 

so  it  is  a  problem  we  have  to  In  towns  with  very  steep 

hills,   and   these   towns   have   a    very    small   population — some 
of  them  not  over  100  Inhabitant    .    In   fact,  during  thi 
ten  years,  these  towns  ha  o  tar  that  they  have 

not  touched  their  roads.  We  nnot  talk  about  sand  clay 
or  gravel  or  anything  else  the  road  passable.    The 

way  we  have  gone  at  it  is  tin  ,  ire  believe  in  a  very  small 
maintenance   crew;    becau   i  than    work   twice   a   year 

we  try  to  work  continuously  in  small  gangs.  About  the  first 
thing  we  had  to  do  was  to  cut  the  brush  bai  k  it  was  so 
close  you  could  not  turn  out.  Not  only  did  that  give  a  wider 
road,  but  it  dried  the  road  up  The  next  thing,  we  found  we 
had  to  supply  sufficient  drainage. 

In  Western  Massacbusetl  cut   con  Iderable  lum- 

ber, and  we  were  confronted  with  a  truck  which  weighed 
5  tons.  A  load  of  lumber  with  a  trailer  weighing,  combined, 
24  tons,  was  hauled  into  Springfield.  Take  that  sort  of  a 
road  with  a  24-ton  truck  and  trailer,  and  you  have  some  propo- 
sition. We  also  found  that  the  culverts  were  made  of  plank 
or  stone  laid  up  closely.  A  heavy  truck  tilts  the  top  stone 
and  the  weight  of  the  trues  I  eaks  these  culverts.  It  is 
absolutely  useless  to  try  to  put  gravel,  stone  or  anything 
else  on  until  you  have  properly  drained  that  road.  We  tackled 
the  problem  of  drainage.  We  use  on  account  of  transporta- 
tion and  ease  of  laying,  the  corrugated  iron  pipe. 

Ten  or  fifteen  years  ago,  when  I  knew  more  about  it  than 
I  do  now,  I  used  to  advocate  the  road  drag  in  small  towns. 
I  am  getting  all  over  it  now.  I  found  the  road  drag  might 
be  a  good  instrument,  but  it  is  99  per  cent  brains  and  1  per 
cent  road  drag,  and  they  only  used  the  road  drag,  so  we 
got  flat  roads.     The   line  of   least  always   the 

easiest  way.     We  sent   a  at    man.    as   we   sup- 

posed, and  he  pulled  the  drag  up  the  middle  of  the  road  and 
back  and  the  first  thing  we  knew  we  bad  a  miniature  canal 
The  thing  to  do  was  to  open  up  the  culverts  and  ditches.  We 
endeavored,  with  the  best  materials  we  had,  to  get  suitable 
ditches  and  suitable  drains,  and  where  there  were  mudholes, 
we  tried  to  put  in  stone  drains. 

We  are  gradually  getting  the  best  of  those  roads.  I 
stand,  this  is  a  small  amount  Ol  money  we  are  working  with. 
We  have  trained  nun.  not  necessarily  engineers,  but  practical 
men  whom  I  have  to  supervise,  m  say  fourteen  towns.  The 
average  of  these  spends  all  his  time  chasing  around.  Don't 
think  that  because  we  gi\e  thesi  towns  this  money,  the  men 
run  out  and  go  to  work  unless  we  prod  them  every  now  and 
then.  Prodding  la  a  part  of  the  work.  I  build  roads  from 
the  highest  type  down,  but  I  think  this  earth  road  problem 
is  the  biggest  we  have  to  face  The  State  of  Massachusetts 
has  a  mileage  of  perhaps  24,000  miles,  and   I  think,  without 

any  exaggeration,  over  16, miles  of  road  in  Massachusetts 

today  are  of  this  type  We  do  not  expect  that  you  are  going 
to  go  down  there  and  see  some  beautiful  smooth  boulevards, 
but  we  claim  thai  In  three  years  we  have  made  enough  im- 
provements in  our  country  roai  It  is  getting  notice- 
able, and  if  we  can  keep  on  with  ibis  Bystem,  In  ten  years 
there  will  be  a  very  noticeable  improvement  In  aii  the  towns 

in  Massachusetts  with  a  valuation  of  less  than  $3,00(1,000. 
It  Is  a   very   Interesting  problem       Three   years  ago  when   this 

act  wai    pas  ed  I  had  chart i   five  counties  and  I  handled 

72  towns.     That  means  two  hundred  and  Blxteen   Individual 

tO      please  It       WaS 
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The  Financing  of  Public  Highways 

Historical  Outline  of  Highway  Development — Laws,  Problems  and  Accomplishments  of 

Highway  Finance  in  Louisiana — Conditions  of  1922  and  Suggestions 

for   Increased  Financing 

I.  ii.  TRrxiu.o. 

tills     tve'i  New  Orleans,  Louisiana. 

Probably  the  first  road  of  historical   Importance  was  tlie  ing  was  done  towards   road    building   in   this  country.     Tin; 

Appian  Way.    This  road  was  begun  by  Appius  Claudius  in  312  .National  Government  had  discontinued  all  appropriations  for 

B.  C,  and  was  completed  by  Julius  Caeser  at  a   later  date.  National  roads;   the  turnpike  companies  had  virtually  passed 

There  is  also  record  of  a  road  built  by  Cheops  to  transport  out   of  existence;    and   nothing   was   done   within   the   states 

material  for  the  great  pyramids  at  Ghizeh   in   Egypt      How-  save  the  local  road  work  of  the  towns  and  counties.     Road 

ever,  the  Roman  road  was  the  first  of   which   we   have  any  funds  were  hard  to  get,  and   as  a  result  the  most  that  the 

definite  knowledge,  and   it  was  the  forerunner  of  the  great  various  local  units  accomplished  was  a  slipshod  maintenance 

system  of  Roman  highways  that  connected  all  the  parts  of  of  existing  roads. 

the  Roman  Empire.     The  route  of  this  mad   was  from   Rome  state  and   Federal   Aid  Acts.— In  1891  New  Jersey  passed 

to  Brindisi.   a   distance  of  approximately   363    miles       It    was  tlu.  llrs,   state  aid  )aw      This  |aw   provided  that  roads  should 

laid  in  four  successive  courses  on  a  pp                    udation,  the  be  buiIt  and  paid  Ior  as  follows:    the  state  to  pay  33^   per 

average  overall  depth  being  about  i%   ft.     Such  a  road  could  cent,   the   county   to   pay   56%    per  cent   and    the   immediate 

safely   carry   the   heaviest  concentrations   of   great    obelisks,  pr0perty  owner  to  pay  10  per  cent.     This  system  proved  so 

columns,  etc.,  then  used  by  the  Romans.     All  of  the  Roman  successful   that  by   1917   it  had   been  adopted   by   practically 

roads  were  constructed  mainly  for  military  purposes.     They  &\i  0f  the  states. 

were  built   by   slave  labor  and   the   materials    used    in   their  In  1916  congress  passed  the  Federal  Aid  Road  Act.     This 

construction   were   paid   for  out  of  the   royal   funds.     It  has  act  provides  that  the  federal  government  shall  pav  half  the 

been  estimated  that  to  build  such  a  road  today  would  cost  cost  of  constructing  roads  in  a  state  under  the  following  con- 

$245,000  per  mile.  ditions: 

Previous  to  the  time  of  the  Romans,  men   had  little  need  (1)     The  state  must  have  a  highway  department, 

for  roads.     Inland  trade  was  small,  the  great  marts  of  com-  (2)     The  road  must  be  of  a  substantial  character. 

merce  were  the  sea  ports,  and  as  a  consequence  road  build-  (3)     The  cost  per  mile  must  not  exceed  $40,000  exclusive 

ing    was    practically   unknown    and    not   needed.      From    the  0f  bridges  of  more  than   20-ft.  span, 

decline  of  Rome  until  the  beginning  of  the   eighteenth  cen-  (4)     The  roads  so  constructed  must  be  properly   maintained 

tury   road    building   was    a   lost  art.     The    condition    of    the  at  the  pern  of  discontinuing  all  appropriations  should 

roads  in  continental  Europe  and  the  British  Isles   was  very  tne  state  fail  in  this  respect 

bad.    Great  pits,  morasses  and  bogs  were  to  be  found  in  every  The   Federai   Aid   appropriations   for  each   year   since   the 

highway.     Robbery  flourished.     If  a  party  started  out  on  an  creation  of  the  act  have   been  as   follows: 

overland  voyage  and  was   not  accompanied   by  a  bodyguard  19n 

and  a  crew  of  men  to  pry  him  out  of  the  mud  holes  he  stood  1918!!'.".'. Y/.'.'.'.'.'/.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    "  ln.nnoiooo 

in  great  danger  of  losing  his  possessions  and  sometimes  his  qinnn'nnn 

U'e-  YYYYYYY. !!!.".! !!!."!  I !."'.' .'"".'.'*  YYYYYY.     lboloooiooo 

The  birth  of  Telford  and  Macadam  in  Britain  and  Tresaguet  — 

in   France  marked   the  beginning   of  modern   roads.     These  $-.5,000,000 

men   saw   that   roads   were   vitally   necessary   to    a   nation's  A  bi"  Providing  for  further  Federal  Aid  appropriations  of 

prosperity.  $50,000,000,    $65,000,000    and    $75,000,000   respectively   for   the 

r-  _j   d     j  c5     •               ■               •          ,                      ...     ,-.  .  fiscal  years  1923,  1924  and  1925,  has  passed  the  Senate  and 

r„r  rtfhPr  ?h    ^'TT'f  v"  Am.er,ca--;,n  ^f.           \  ^  ^imUar  legislation  is  being  considered  by   the   House, 
(or  rather  the  colony)  of  Virginia  was  the  first  to  enact  good 

roads  legislation.  This  first  highway  law  provided  that  each  Louisiana's  Highway  Problem  and  the  Manner  in  Which 
man  should  render  a  given  number  of  days  at  labor  on  the  ll  Was  Met.— Previous  to  1910  the  state  of  Louisiana  had  no 
public  roads.  The  other  colonies  had  similar  legislation  highway  department.  All  highways  were  constructed 
With  the  adoption  of  the  United  States  Constitution  it  was  through  local  funds,  and  without  state  aid.  In  1910  a  High- 
provided  that  roads  should  be  built  by  the  Government  to  way  Department  was  created,  this  department  being  under 
connect  the  various  parts  of  the  thirteen  States.  However,  the  Jurisdiction  of  the  Board  of  State  Engineers.  The  head 
nothing  was  done  in  this  respect  until  1792.  In  that  year  o£  the  department  was  the  Chief  State  Highway  Engineer, 
the  first  toll  road  in  the  United  States  was  built,  connecting  Under  the  then  existing  law  there  were  four  methods  by  which 
Philadelphia  and  Lancaster,  Pa.  Many  thousands  of  miles  state  aid  could  be  extended  the  various  parishes*,  namely: 
of  toll  roads  were  constructed  in  the  period  from  1792  to  1830.  (1)     Monetary  State  Aid  by  Contract. 

In   1806   the   Cumberland   road   was   authorized    by   act   of  (2)     Convict  Labor  State  Aid. 

Congress.      This    road    began    at    Cumberland,    Md.,    on    the  (3)     Road   0utnt    State  Aid. 

Potomac  River  and  extended  to  Steubenville,  a  small   town  (4)     Force  Account  State  Aid. 

on  the  Ohio  River.     It  was  later  extended  to  St.  Louis,  Mo.  Tne   revenues   to   make   state  aid   possible    were   obtained 

From    1806   to   1S35   when   the   last   direct   appropriation    for  through  the  levy  and  collection  of  a  general  tax  of   %   mill 

the  Old  National  Road,  as  it  was  called,  was  made  the  total  on   the  dollar  of  assessed   valuation.     The   money   available 

appropriations  for  construction  amounted  to  $6,824,919.    This  lrom  this  source  amounted  to  about  $150,000  per  year  which 

money  was  largely  taken  from  the  sale  of  public  lands.  was   far  inadequate.     The   revenues   from   auto   licenses   did 

Between  the  years  1821  and  1837  the   State  of  Kentucky  not  g0  into  the  state  highway  funds,   but  were  remitted   to 

completed  343  miles  of  state  roads.     This  was  the  first  state  tne  Parishes.     The  parishes  met  their  quota   of  the  cost  of 

road  building  policy  in  America.     All  work   was  stopped  by  state   aid   roads   with    the   auto   license    fees   and   a   general 

the  financial  panic  of  1837.  property  tax,  or  by  bond  issues  payable  with   special  taxes 

By  the  year  1850  local  turnpike  companies  had  taken  over  or  a  general  tax. 

practically  all  of  the  Cumberland  Road.     However,  the  intro-  From  the  years  1917   to  1920   Federal   Aid   funds   matched 

duction  of  the  steam  railway  in  1830  and  its  gradual  develop-  witn  Parisu  funds,  largely,  enabled  the  Highway  Department 

ment  soon  put  an  end  to  the  toll  road  system.     The  cost  of  t0   enter   upon    an    extensive    road    building    program.     This 

collections  and  the  inconveniences  placed  upon  travelers  by  program  was  the  construction  of  a  system  of  "Main   Line" 

the  toll  system   also  contributed  in   a   large   measure  to   its  or  "Market  Highways"  connecting  the  various  parish   seats 

failure.     The  toll  roads  were   of  great  benefit  to  commerce  and   trade   centers   and   the    principal    roads   from    adjoining 

and  agriculture;  and  under  the  conditions  of  the  period  they  states,   amounting  in  all   to   about   5,000   miles   of   improved 

were  probably   the  best  that  could  be  had.     The  capital  to  highways  when  completed.    As  there  are  about  24,000  miles 

pay  for  these   roads  was   derived   from  the  subscriptions  of  o£  highways   that  are   not  included   in   the  highway   system, 

states,  counties  and  individuals.  ~.-l           ,-.-,,,                           .,    .    „.            t    •           .    .u 

From  the  close  of  the  Civil  War  until  1891  practically  noth-  sta™6  pan8h  ,n  L°U'S'ana  corresponds  t0  the  county  '"  most  other 
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the   Highway    Commission   at    present  is 
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Sources  of  the  General  Highway   Fund. — Auto  Licenses  and 
Fee?,     in  order  to  provide   turn      for  carrying  out   th.-   pro- 
,.i     \.  i    No    91,   He-   1..  ■■'   I.  'lire    in    1921    a] 

the   Bum   ol   $2,500, tor   highway    work   for   tin 

rune  ::".   1922,  ami    |  fot    thi    Bsca 

pi!':;.     This  available    for    highway 

work  provided  there  are  sufficient  turn  eneral  High- 

waj   Fund  to  supply  it.  and  provided  further  than  the  mi 

is    actually    necessary.      '1  igl 

i  ived  from : 
in     Motor  vehicle  manufacturers'  and  dealers'  licenses;  a 
regular  lit  in  ■  >    plates,  and  an  addi- 

tional t.i  -   '  ilcle  mai  ufactured. 

(2)      Motor   vehicle  chau  I    -•"•  00 

ehicle  licenses 
a.     Private    or    personal   .nn.uiioiiil.-s    constitute    the 
i  lass;   the  annual   license  tax  is  $0  68  per 
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.   ,   ■  those   us.-d   tor   carrying 

freight  or  merchandise,  and  which  ha 
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legislature   has  the  authoritj    to  pass  to  the  General 
ay  Fund  any  moneys  derived  from  anj   othei   source. 
Highway   Bonds.     Highway   bonds   are   used   onlj    when   the 
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honest  officials   may   draw   upon  the   sinking   fund    tor   othei 

than  highway   purposes  so  that  when  the  time  conn's  ti 
the  bonds  the  fund  on  deposit  may  nol  be  adequate  to 
then   then     Is    always   time    losi    between    the   collection   of 
the  tax  and  the  proper  Investment  ol  the  sinking  tund. 

Annuity    bonds   are   arranged    so   that    a   uniform   periodic 
charge  the  debt  within  a  given  time.    The 
innuitj    bond   serves  the  same   purpose   as   the  serial   bond 
but   i  osts  slightlj    m 

The  principle  advantages  to  be  derived  from  serial  bonds 
are: 

ili  Serial  bonds  minimize  the  dangers  involved  In  a 
bonded  debt  it  the  political  subdivision  issuing  the  bonds 
is  unable  to  meet  principal  and  intere  I  each  year  there 
is  a  public  default  and  community  credit  i  i  riouslj  Injured. 
Thus  the  serial  bond  makes  absolutely  certain 
retirement  of  the  public  debt. 

(2)     Serial   bonds  are  the  cheapest,      rhe  total  cost   oi   a 

I  Binking  fund  bond   issue  at    5   pei    ci  nt    maturing  in 

ars  is  $172,722  $100,000  principal.  *7:'.T22  interest. 
The  cost  of  a  serial  bond  issue  for  the  same  term  and  at  the 
same    rate    of    interest    is    $152." 

II  Serial  bonds  maturing  in  from  one  to  twenty  years 
make  .in  investment  in  bonds  attractive  to  all  classes  Of 
people    and    there!, \    facilitate    their    early    disposal. 

There  has  been  much  discussion  a  to  thi  tei 1  high- 
wax  bonds.  That  is.  as  to  whether  the  bonds  should  mature 
in  10,  2",  in  or  more  years.  The  consensus  of  current  opin 
Ion  is  that  highway  bonds  should  mature  within  the  life 
of    the    improvement    for    which    they    were    created. 

In  the  state  of  Louisiana  the  parishes  may  bond  up  to 
10  per  cent  of  their  assessed  valuation.  This  10  per  cent 
includes  the  existing  bonded  indebtedness.  Xo  parish  bonds 
"shall  run  tor  more  than  40  years,  nor  shall  the  rate  of  m 
terest  be  greater  than  d  per  cent,  or  the  bonds  be  sold  for 
than  par"  All  such  bonds  become  due  and  must  be 
paid  in  annual  installments  beginning  not  more  than  three 
aftei    the  date  of  issuance. 

In  regard  to  state  bonds  for  highway  purposes  Article 
6.  Section  22  of  the  Constitution  reads  as  follows:  "No 
debt  shall  be  created  or  certificates  of  indebtedness  or  bonds 
Issued,  to  be  paid  in  the  future  out  of  the  proceeds  realized 

from    any   state  tax   or   license but    the    said    licenses 

ami  taxes  shall  be  collected  from  year  to  year  and  expended 
for  the  purpose  of  the  construction  and  maintenance  of  the 
system  of  State  highways  and  bridges."  This  clause  was 
placed  in  the  Constitution  through  a  desire  on  the  part  of 
the  men  who  wrote  it  to  abolish  the  high  cost  of  bond  in- 
terests, and  to  run  the  State  Highway  Department  upon  a 
cash   basis. 

Louisiana  Highway  Finances  for  1922. — The  Highway 
Commission  proposes  to  spend  $2,500,000  this  year,  and  $5,- 

,000  in   1923  if  the  funds  are  available.     Up  to  date  there 

is  available  from  the  auto  license  tax  if  1.469,000.  The  gaso- 
line tax  which  was  expected  to  yield  $750,000  has  BO  tar 
furnished  $140,000  in  four  months,  or  at  the  rate  of  about 
$450,000  for  the  entire  year.  There  is  no  general  property- 
tax  available  for  highway  purposes.  Federal  funds  amount 
to  $996,000.     The  total  funds  are  distributed  as  follows: 


Federal  aid. 


State  funds.  Parish   funds.  Total. 

$    49S.0O0  $    4'.'  $1,992,000 

•500.IIHH'  i, ,000 

t921,0002  308.0003  1,229,000 


Total    $996,000  $1,919,000  $1,306,000  $4,221,000 

"Maintenance.      tConstruction.     '50   per   cent.     !75   per  cem 

This  is  the  contemplated  distribution  of  highway  funds. 
It  is  based  on  the  assumption  that  25  per  cent  of  the  Com- 
mission funds  will  be  expended  for  maintenance  and  the 
remainder  for  construction  purposes;  also  that  the  parishes 
will  contribute  50  per  cent  of  the  maintenance  costs  and 
25  per  cent  of  the  construction  costs.  As  a  matter  of  fact, 
the  Louisiana  Highway  Laws  have  been  changed  so  often 
that  the  parishes  have  in  many  instances  ceased  to  meet 
tin  Constitutional  requirements.  In  some  parishes  the 
state  and  parish  share  maintenance  costs  on  a  fifty-fifty 
basis,  in  others  they  do  not.  Many  of  the  parishes  are  not 
waiting  for  state  aid.  but  are  constructing  roads  entirely  at 
their  own  expense.  On  the  basis  of  such  unsettled  condi- 
tions highway  officials  estimate  that  total  road  expenditures 
for  the  year  will  approximate  $8,000,000.  This  money  will 
provide  for  the  construction  of  from  600  to  800  miles  of  high- 


ways,  which  is  economically  ion  slo^  progress  in  providing 
an   efficient   system   of  state   highways. 

Attention    is   called    hi   the    laet    that    the    Highway    t'oinmis 
sion    funds    as    estimated    above    are    about    $5Sl,00il    short    of 

the   authorized   $2,500,000.     This  delinquency,   together   with 

ttewide    demand    lor    faster    progress    in    highway    con- 
struction,  Calls    lor   an   additional    source   Ol    revenue    tor   road 

purposes. 

While  there  is  much  pressure  being  brought  to  bear  upon 
the    present    session   of   the    Legislature   for  tax    reductions, 

still  highway  conditions  demand  the  Imposition  of  new  taxes. 
Tlaie  should  be  a  general  tax  on  all  taxable  properly,  the 
proceeds  from  this  tax  to  go  into  the  General  Highway  Fund. 

Strictly  speaking  road  taxes  are  not  taxes  hut  are  an  invest 
inent.  Good  roads  above  all  things  will  make  rural  life 
more  attractive,  will  help  to  keep  our  boys  and  girls  on 
the  farms  by  making  for  better  farming  conditions,  and  will 
repopulate  our   much   depleted   rural   districts. 

The  funds  that  go  for  highway  work  should  he  increased, 
rhree   possible  methods  of  doing   this   would   be  to: 

i  1  I      Increase   the   bonding   capacity  of  the   parishes. 

(2i     Permit  the  state  to  issue  bonds. 

i :'.  I  Increase  the  General  Highway  Fund  by  levying  an 
ad  valorem  tax  of  2  mills  on  each  dollar  of  assessed  valuation 

To  increase  the  bonding  capacity  of  the  parishes  at  the 
present  time  would  be  inadvisable  as  the  parishes  are  al- 
ready heavily  bonded.  To  permit  the  state  to  issue  bonds 
for  highway  purposes  would  give  instant  relief  and  would 
allow  for  the  construction  of  many  hundreds  of  miles  of 
much  needed  roads.  The  chief  difficulty  in  this  method  is 
that  no  legislature  wants  to  shoulder  the  responsibility  of 
placing  a  large  public  debt  upon  the  state.  Therefore,  the 
last  method  is  the  only  one  which  at  present  seems  feasible. 
In  1921  there  were  26  states  which  levied  a  general  tax 
for  highway  purposes.  The  average  rate  of  tax  for  these  26 
slates  was  1.6  mills.  For  the  state  of  Louisiana,  with  a 
property  valuation  of  approximately  $1,700,000,000,  the  im- 
position of  this  2  mill  tax  would  add  about  $3,400,000  yearly 
to  the  Highway  Fund.  A  2  mill  tax  is  not  unduly  high.  The 
state  of  Maryland  has  a  ZV2  mill  tax  for  highway  purposes. 
Nebraska  has  a  Z'/-  mill  tax,  and  New  Mexico  levies  a  4% 
mill  tax.  The  revenues  from  such  a  tax  plus  the  money 
from  other  sources  would  enable  the  Highway  Commission 
to  spend  approximately  $6,500,000  yearly  for  highway  pur- 
poses. 

The  immediate  need  of  the  state  is  good  roads.  A  well 
built  system  of  highways  by  reducing  transportation  costs 
benefits  both  producer  and  consumer.  Whether  one  lives 
in  the  city  or  in  the  country  he  is  benefited  by  the  improve- 
ment of  such  roads  either  directly  or  indirectly.  Therefore 
the  best  and  most  equitable  form  of  taxation  would  appear 
to  be  an  ad  valorem  tax  on  all  taxable  property. 


Proposed  Extension  of  Univerity  Engineer- 
ing Courses 

Late  in  May  the  deans  of  17  mid  western  engineering  col- 
leges met  in  Chicago  to  discuss  improvements  in  their 
courses,  and  in  particular  the  increasing  of  the  engineering 
course  from  4  to  5  years 

The  conference  was  called  by  Dean  Raymond,  University  of 
Iowa;  Dean  Ferguson.  University  of  Nebraska,  and  Dean 
Marsden  of  Iowa  State  College,  to  discuss  a  larger  curriculum 
for  the  engineering  colleges. 

A  resolution  was  adopted  advocating  that  the  first  two  years 
of  the  engineering  course  should  be  uniform  for  all  without 
regard  to  what  branch  of  engineering  was  to  be  specialized 
in.  Bachelor  A,  of  science,  an  engineering  degree  would  be 
conferred  at  the  end  of  the  fourth  year,  and  at  the  end  of 
the  fifth  year,  a  master  of  science  in  engineering  degree 
would  be  conferred.  As  much  of  the  technical  teaching  as 
possible  should  be  pushed  into  the  last  year,  which  yvould 
be  a  year  of  specialization  and  its  place  in  the  curriculum 
be  given  to  real  arts,  the  resolution  having  in  mind  to  broaden 
the  education  of  the  engineer. 

The  conferees  will  present  to  their  respective  governing 
bodies  the  proposition  of  engaging  the  curriculum,  and  a  sec- 
ond conference  has  been  set  for  June  18,  at  Urbana,  111.,  when 
the  annual  session  of  the  society  for  the  promotion  of  engi- 
neering  education  meets   there. 
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The  Modern  Granite  Block  Pavement 


Recent  Developments  Outlined  in  Paper  Presented 
at  Philadelphia  City  Paving  Conference 

1 1  ■ 

Id  ia  placed 
knesB, 
with  i  P|i  and 

ortlon  ol  1  pu  I     t  ci 

in  length,  -'_.  i" 
:n  width  u  in.  in  depth  ■■  generallj 

uch  thai  th<    Btreel  cannot  be 
:  oil  tor  ;i  rafflcleol  tin  the  grout 

j  .in  asphalt  maatlc  tiller  t-  qulti   g  aerallj  used.    This 

asphalt   mastic   filler   is  of   rati..  lUl    has  been 

very  satisfactory  when  properly  mixed  and  placed      In 

asphalt  a  coal  tar  pit)  b 
mixture  <>f  coal  tar  pitch  and  asphalt      The  coal  tar  pitch 
and  sand  alone  lias  not  given  ■•  ■  i  -lis.  hut  a  mixture 

■rts  ol  COal   tar  pitch   with    1   part  ol  asphalt    ha- 

much  better  result  erature 

-  than  the  coal  tar  pitch 
The     Bituminous     Filler. — The    usual    specification     [l 

bituminous  filler  calls  for  a  mixture  ol   the  paving  cement 
portion    nol    to  exceed    i    part 
of  sand  to  l   part   ol  the  paving  cement   by   volume,  or  as 
much  sand  up  to  this  proportion  a-  the  paving  cement   will 
The   sand    is   usually    specified    as    all    to    pass    I  LO 

mesh  seive  or  all  I  ad  80  per  cent  the 

The  common   method  of  mixing   this   bituminous   mastic   is 

the  hot  asphalt  or  pitch  trom  the  tie  into 

push   carl  or  a  wheelbarrow   and   then   shove]   in  hot 

sand,   counting   the    shovel    fulls   and    then    stir    with 

torated  boe  or  rake.     In  some  :  nail  gasoline  mixer 

methods    are    crude    and    it   requires    great 

gOOd    results.      If   the    sand    is   i 

or  damp,  or  if  too  much  is  added,   the  mixture   will   not   run 

into  the  joints  and  completely  till  them.     Coarse  sand  will 

nd  lodge  in   I  oints   and   damp   up  the 

0   much   sand   will   make   the   mixture   SO   stiff  that 

it    will  not    flow    into   the   joints.     The   usual    practice    is    to 

dump  the  hot  mixture  from   the   push  cart   or  wheelbarrow 

upon  the  surface  of  the  pavement  and  push  it  into  the  joints 

with  a  hoe  or  a  squeegee.    This  operation  should  be  carried 

out   rapidly   and   care   used    not   to   push    the    mastic   out   too 

thin  as  it  will  chill  before   it  can   penetrate  the  joints  fully. 

The  asphalt  should  be  homogeneous,  its  melting  point  be- 
tween 116°  and  13c  y  .  „"t  less  than  :<^V  soluble  in  carbon 
tetrachloride  t    77     I',   net   less   than   60   nor 

more  than  100,  and  at  100"  F.  its  penetration  should  not  be 
more  than  3%  times  that  at  77".  Its  ductility  at  77  F. 
should  not  In-  bss  than  to  centimeters  at  the  penetration 
called  for;  it  should  not  lOBe  more  than  :'.'.  by  volatilization 
when   maintained  at  a   b  n    live  hours, 

and  the  penetration  of  the  residue  after  such  heating  should 
not  be  teas  than  one-half  of  the  original  penetration. 

i  mixture  has  been 
flushed  into  the  joints  thoroughly  a  small  amount  of  clean 
sand  should   be   spread   over   the   BUJ 

The  Sand  for  the  Mastic-  The  sand  used  in  the  mastic 
should   be  a  uniform    tin'    grained  will   remain 

in  suspension  better  and  will  not  clog  and  i    closer 

Joints  and   thus   i  Bowing  of   the   fliii 

mentioned    above,    the    present    mixinc    >  crude. 

The  gasoline  mixer  K  an  improvement  on  the  band  mixing. 
but    U  '    nity    to    dl  curate 

methods  of  measuring  the  materials  in  order  that  the  amount 
of  sate 

ide     '"     ■!.  t'  rmine     more     ai  euratelj 
amour  should  be  ■> 

rmit    the    nn  111)     nit. i    tb.     joints, 

n   the  neighborhood 
• 
varylm-   the   amount    ..f   sand   trom  .   using 

phalt  sand 

•  ictory 
that  :•  I  worth  while  trying  to  eliminate  as  much 

■ 


The   Cement   Grout    Filler.      In   connection    With    the   cement 

grout    tiller,   the   greatesl    Improvement    ha  more 

e  of  a   mat  hint  I   batch  con- 

crete  mixer  with  a   spout   or   trough    which   delivers    the  grout 
directl]    onto   'be   pax  .iiniit       This   gives   much   more   uniform 
than    the   old    hand    method    ol    mixing    the   grOUl      Here 

also  ii    is   Important   to  use  fin  ml  in 

order  that  it  may  I..-  held  in  until  delivered  in 
the  joint-   ot   tin     p 

To    obtain    good    results    will  grout     (ill.. 

and    attention    to    details  is    re.iuirecl    than    with 

the  bituminous  mastic.    .\n\  .,  permitting 

and  to  get  part  way  up  in  sen.,  ol  the  joints  so  that  the 
grout  does  not  pete  will  cause  bad  defects 

iii  the  pavement,  as  the  thrust  trom  expansion  will  have  to 
be  carried  by  the  uppet  pa  I  "i  the  joint  and  this  will  crush 
the  heads  of  the  blocks. 

sine.-  Hie  general  us.-  oi  ii  ■  hallovi  cushion  between  the 
blocks  and  the  loundat ion.  then  has  been  a  tendency  to 
slight  the  ramming.  This  is  wrc  ng.  It  is  just  as  important 
as  ever  to  ram  the.  blocks  thoroughly  and  then  back-ram  them 
after  raising  any  low  blocks  If  this  is  not  done  the  traffic 
win  lat.  r  pound  down  tie  shallower  and  poorei  bedded 
blocks  and  a   poor  surface  will   be   the  result. 

The  Dry  Cement  Mortar  Cushion. — With  a  cement  grout 
filler  and   heavy   traffic   be  emenl    has   been   the  use 

of  a  dry  cement  mortar  cushion  Of  1  part  of  cement  to  4 
parts  of  sand.     Thi  erj      .did   and    firm   pavement 

as  the  mortar  cushion  has  an  opportunity  to  set  while  the 
grout  is  getting  its  set.  This  cushion  has  been  used  in  some 
places  with  a  bituminous  filler,  but  here  the  traffic  is  per- 
mitted to  pass  over  the  pavement  before  the  cushion  can 
obtain   much  of  a  set  and   it   would  ..    waste   of 

money  to  use  the  cement  in  the  i  usbion.  It  will  set  in  places 
where  traffic  does  not  pass  over  it  and  the  set  will  be  broken 
where  it  is  subject  to  traffic 

The  present  standard  block  specification  with  proper  in- 
spection produces  about  as  goi  d  a  block  as  can  be  made  with- 
out making  the  cost  prohibitive  With  good  inspection  these 
can  be  paved  with  close  joints  and  with  thorough  ramming 
a  good  surface  can  be  obtain,  i  and  maintained,  but  as  has 
been  suggested  previously,  while  there  has  been  consider- 
able improvement  in  the  joint  filler,  there  is  still  opportunity 
for  much  improvement. 

It  is  urged  that  the  engineer  ol  municipalities  having 
charge  of  granite  paving  work  try  oul  various  mixtures  of 
sand  and  asphalt  and  thus  find  out  in  actual  service  what 
is  the  best  mixture  within  reasonable  working  limits.  In 
such  tests  care  should  be  taken  to  use  uniform  fine  grained 
sand  which  is  thoroughly  dry  and  hot.  This  mastic  should 
be  agitated  by  mechanical  means  until  it  is  flushed  into  the 
joints  and  the  crude  method  of  heating  the  sand  by  placing 
it  over  iron  pipes  containing  wood  tires,  as  is  still  frequently 
done,  should  be  avoided.  Fine  hot  asphalt  sand,  when  it 
can  be  obtained,  gives  the  best  results.  A  practical  method 
of  measuring  the  sand  and  asphalt  should  be  provided  as 
the  method  that  is  now  quite  general  of  using  a  shovel  to 
measure  the  sand  is  crude  and  does  not  give  uniform  results. 
Proper  attention  to  these  di  tail  ould  produce  a  tiller  that 
will  make  the  modern  granite  bloc  k  pavement  about  as  near 
an  ideal  pavement  for  heavy  traffic  that  it  is  possible  tn 
produce  at  a  reasonable  cost. 


Activities  of  the  Asphalt  Association 

Among  other  resolutions  ado;  ted  at  the  recent  Annual 
Convention  of  the  Asphalt  Association,  in  New  York  City, 
was  one  urging  open  competition  between  all  types  of  paving 
construction,  and  another  for  Increases  in  compensation  for 
highway  engineers.  The  association  also  went  on  record  as 
in  favor  of  wider  roadways  and  the  elimination  of  grade 
OgB,  the  widening  of  curves  and  a  more-  stringent  regula- 
tion  of  trail 

'lb.,  secretary's  report  showed  thai  about   in  nev<   members 
bad  been  added  to  the  associate  rear, 

and  that  several  new  branch  offices  had  been  open)  1  In  the 
future,  the  association  is  to  hold  meetings  al  the  same  time 
and    place    as    the   annuel  n 

i    K.   Draney   was   elected    pri     Ident,   and    .1     E,    Penny- 
backer  was  elected  secretary 

elei  ted 
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Method  of  Figuring  Street  Intersection 
Grades 

et   intersection  grades  ofti  i  ■  municipal  engi- 

neer burning  the  midnight  oil.  No  fixed  rule  tor  figuring 
grades  will  apply  everywhere,  A  method  that  has  been  suc- 
cessfully used  at  Everett,  Wash..  wh<  re  fre- 
quent, was  described  as  follows  in  Concrete  Highway  Maga- 
zine by    Mm     \.  B.  cutter.  Cltj    Engii 

l  Draw  s  sketch  of  the  intersection  to  anj  convenient 
BCaje      i,,,  dths  l   m       in  n.  will  give  a 

drawing  which  will  fit  a  double  page  in  the  field  notebook, 
with  space  for  the  lettering. 

.  :  the  curb  radius  points  G  (see  Fig.  1)  by  straight 
lines.  Then  the  elevation  of  the  pavement  at  A,  C  or  E  is 
the  mean  of  the  corresponding  gutter  grades  at  i>  plus  the 
crown  of  the  pavement  The  elevation  al  B  should  be 
one  or  two  in.  above  a  straight  grade  between  A  and  E  or 
C  and  C. 

3.  Locate  points  on  the  respective  center  lines  either  by 
•quartering  the  curb  arc,  as  on  ABC,  or  by  measuring  given 
distances  on  the  center  line,  as  on  CBE.  The  latter  method 
is  more  easily  reproduced  in  the  field  before  the 

have  been  set. 

4.  Connect  these  points  on  the  centei  line  with  the  curb 
radius  points  G  by  a  straight  line  and  measure  the  unknown 
•distances. 

Figure  straight  grades  on  the  center  lines  AB,  B(    and 

BE,  and  on  the  gutter  lines  around  the  an  irb  DD. 

6.     Elevations   between  the  points  on   the   gutter   line  and 

those  on  the  center  line  are  figured  by  the  parabolic  curve 

equation 


( )e': 


y 


when 
a  =  difference   in 

elevation 
b  =  distance 


[  Between   points   on  the   center   line 
{  and     corresponding    points    at    the 
[  gutter. 
e  =  distance    between    the    point    on    center    line    and    the 

point  whose  elevation  is  desired. 
y  =  fall  from  point  on  center  line  to  point  in  question. 
Results  obtained  by  this  method  may  need  to  be  adjusted 
to  fit  special  conditions. 

When  the  slope  across  the  intersection  is  rather  steep,  one 
gutter  line  may  be  above  corresponding  points  on  the  center 

Property 
Line 


Fig.    1. 


line.  If  a  combination  curb  and  gutter  is  used,  with  an  apron 
sloping  toward  the  curb,  the  pavement  and  apron  will  meet  in 
a  ridge  which  will  not  look  or  wear  well.  This  may  be 
avoided  by  figuring  elevations  on  an  arc,  as  FF,  near  the 
apron  line,  at  about  the  elevation  of  tne  apron  edge,  so  that 
no  ridge  will  be  formed.  Then  conneet  points  on  this  arc 
with  corresponding  points  on  the  center  line  by  a  straight 
grade. 

If  the  high  point  of  the  crown,  between  intersections,  has 


bitted  from  the  cent  compensate  for  gutters 

of  unequal  elevation,  the  elevation  of  A.  C  or  B  cannot  be 
found  as  described  In  paragraph  (2).  It  can  be  found,  how- 
ever, from  the  grade  bei  ections.  Then  the  high 
point  in  the  crown  must  be  combined  smoothly  with  the 
intersection  grades.  If  F  is  the  high  point  in  the  crown,  the 
elevation  of  H  can  be  figured  as  in  paragraph  6 
uniform  grade  made  from  11  to  F. 

Elevations  between  points  on  FF  and  tl 
then    figured   as   described    in   paragraph   6    or   as   a    straight 
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Fig.    2. 

grade,  depending  on  whether  points  on  FF  are  below  or  above 
corresponding  points  on  the  center  line. 

When  the  grade  between  centers  of  intersections  is  less 
than  3  per  cent  it  may  be  carried  through  the  block  without 
a  break,  but  when  it  is  more  it  is  best  to  flatten  the  grade 
through  the  intersection  to  3  per  cent,  make  a  break  at  the 
property  line  (extended)  and  increase  the  grade  through  the 
block  accordingly. 

If  the  grade  on  center  lines  through  intersections  exceeds 
3  per  cent,  it  is  nearly  impossible  to  fit  the  sidewalk  elevation 
to  the  curb  elevation  without  excessive  slopes  on  the  cross 
walks. 

For  example,  Fig.  2  shows  an  intersection  with  center  line 
grades  of  3  per  cent.  Curbs  at  A  and  B  and  at  D  and  E  have 
been  given  all  the  difference  in  elevation  possible  without 
making  the  pavement  slope  too  steeply  toward  the  lower  curb. 

Sidewalks  should  not  be  lower  than  the  curb,  so  the  ele- 
vation of  the  walk  at  C  has  been  made  the  same  as  the  curb 
at  B,  making  a  slope  from  C  to  D  of  1.3  ft.  in  11.5  ft.  or  an 
11.3  per  cent  grade,  which  is  dangerously  steep.  A  wider 
pavement  would  increase  this  steep  slope,  so,  even  for  the 
moderately  difficult  intersection  shown,  the  center  line  grades 
cannot  exceed  3  per  cent. 

When  all  elevations  have  been  put  upon  the  sketch  of  the 
intersection  they  should  be  carefully  examined  for  inconsis- 
tencies. The  fewer  changes  necessary  in  the  field,  after  the 
grades  have  been  once  given,  the  less  the  expense  to  the  con- 
tractor and  the  greater  the  respect  accorded  the  engineer  in 
charge. 


Utah   Counties  Cooperate  with   Government  for 
Topographical  Survey. 

With  an  appropriation  of  $3,000  made  available  on  May  16 
by  the  Salt  Lake  County  Commissioners,  approximately  $7,000 
of  a  required  $10,000  has  been  raised  for  a  topographic  sur- 
vey to  be  made  in  co-operation  with  the  United  States  geo- 
logical survey. 

Through  the  efforts  of  Ralph  R.  Woolley,  hydraulic  engi- 
neer of  the  survey,  $10,000  was  appropriated  by  the  Federal 
Government  for  topographic  work  in  this  state,  the  appro- 
priation to  become  available  when  matched  with  a  similar 
amount  to  be  raised  by  the  state  or  county.  Utah  County 
appropriated  $2,500  and  Tooele  County  $1,000.  Other  appro- 
priations are  expected  from  Weber  and  Boxelder  counties  to 
make  up  the  required  amount. 
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Selecting    the    Pavement    for    City 
Streets 

Factor*    to    Be    Considered    in    Determining    Paving     Type, 
Outlined  in  Paper  Pre»ent«    i  v  ing 

Conference,   Philadel| 
M.    PINCK 

on,   Is 
ad  compleU 

a  Important 

The   (in  ""'    h"rs'' 
drawn 

,,n  rubber  tires;  the  pi  aides 

,1       v,  lii.  h 

ctloi 
.  ,,i  of  parking  of  vebti  '■  also  has  ;i 

bearing  upon  the  type  of  pavemi 

Street   Grades.     The   next    factor   to   b(    considered 
itli  heav)   or  Bteep  grad 

■I'll-  traffic  conditions 

can  I..'  materlallj    Improved  by  the  selec- 

roper  type  "i   pavement.     For  Instance     When  a 

:,  per  cenl  a  verj   careful  studj   must  be  made 

traffic  using"  thi 

proper  traction.     It   is  a   tom!   polii 

Bmooth  pavements  Buch  as  asphalt  ana  w I  block  in  grades 

.  r  cenl  or  1'-"     We  lun.-  asphalt  pavements,  ho 

.    per  cenl   ami  they  are  giving  satis- 
faction-    No  city  si  ■  onstructed 

In  connection  with  the  selection  ol  a  t>:  ent  for 

..>    where  the   trail.'   is   Involvi  ration   should 

the  question  ..r  skidding.     If  the  traffic  on  the 

tn  nun.'  without  Interruption  a  non-skid  pave- 

ould  !'•■  pro 

Climatic  Conditions.— The  climatii  obtaining  in 

■  tumid  be  borne  in  mind  when  selecting  type    ol  pave 

I,,  a  ,ity  v.'  winters  an-  encountered 

pavement-   should   be  laid   which  will   permit   readily   of  the 

remo\.  which    will   not    bi  •■    cold,   ami 

which  will  not  in-  unusually  slippery  when  the  temperature 

is  low. 

Pavement  for  "Quiet"  Streets.  In  Belectlng  a  type  of  pave- 
ment i  '  upon  which  tin!-  Is,  churches, 
hospitals,    dwellings    at.                                           a    most    important 

factor  must    be   provided.     When    manufacturing 

and  Industrial  establishments  are  Bituated  tie'  noise  element 
such  a  greal  factor.    Q  -fructed  that 

they  will  assure  maximum  comfort  to  brain  toilers,  are  essen- 
tial i-  city  Noise  Interferes  with  the  health  of 
ui.rk  with  their  brains,  and  it  Interferes  also 
with  tin-  h.alth  of  persons,  who.  having  worked  all  day  with 
their  brains,  must  Bleep  at  night. 

Effect  of  Zoning.  'I'll.-  zoning  "i  cities  Into  residence  and 
business  use  aids  tie  engineer  very  materially  in  the  selec- 
tion of  pavements  bj  Insuring  tie-  character  of  the  occupancy 
of  the  abutting  property  as  well  as  tie    use  of  the  street.    The 

.  oncen- 
uci  .   iii    \.  in  the 

Borough  of   Manhattan,   tin-   insurae  the   financial 

district   and    tie-   dl  triCl    can   all    be   clearly   traced, 

and    the    produce,    hutter   and    eggs,    silks,    woolens,    cottons 
and  yarn  it  This  helps 

materially  m  tie-  selection  of  a  proper  type  ol  pavement. 

Pavement    Durability.      \    pavement    iti    a    city,    in    order   to 

in'. iii'..     it  must  I..-  durable 
the  repavlng  ..f  ously   Interferes   with   bu 

Interrupts  traffic,  and  produces  general  Inconvenience.    There- 
■  1 1. !•■  the  pavi  t<  ii  upl  Ion  to 

business,  etc      In  addition  t"  being  durabl  .vement 

iiy  repaired;  that  is  to 

rafaSk  and  prompt   repair,  ami  one  which   will   blend 

in  barmonlonslj    sritli   tie-  original   pavement   and   b< 

'  •  adlly 

repaired,  or  a.  repair  whi.h   b  rricaded  ov< 

•■i  of  time.  Is  not  suitable  for  a  city  pavement 


Cost  Factor.      In  a  largt  m]    opinion  that   the  lirst 

■  ii.    pavement  Is  not  the  determining  factor.     Where, 
however,  then    are  Beveral   types  of   pavement    from    which 

actio  factors    are 

I     ■       •  Ining    factor 

The  writer  believes,  however,  that  the  use  of  local  materials 
Is  possibli     bould  be  taken  advanti  i 


Paving  Inspection 


Viewpoint  of  Contractor  Given  in  Paper  Presented 

at  Philadelphia  City  Paving  Conference 

OMi  .  K tin.  Srd, 

"i    Benjamin    I 

The  firs!   requisite  for  propei    relations   between   the  engl 

ni'i'i    and    the    contractor    is    clearlj    worded    specifications, 

Every  clause  should  be  dxpr<     ed    n  good  English     Speclflca- 

tatlon   and    frequent    ap- 

pt  als    bj     the    iiis]i'  cto  'i.'lays.    and 

: .     loss   of   money   tn   lie     ci  'lit  rai  tOI 

Co-operation    Eetween    Inspector    and    Foreman.     Tie 

foreman  or  bui  ■  to  i  e  ol  any  us.-,  must 

bi    a  man  who  can  o  and  meet  em'ergi 

as  thej  arise,  lie.  therefore,  likely  to  resent  what  he  con 
seiers  constant  Inti  n    Inspector 

who  is  not  .mix  young,  and  lm  perienced,  but  perhaps  an- 
diplomatii    as  well     On  tl  in'd  where  the  Inspector's 

suggestions  ami  orders  are  givi  n  in  a  sensible  way  and  with 
tor  .  o  opei  atioi      hej    ought   to  be  receh  ed  In 
the   right    way.  for  the   foreman   or   superintendent    who  en- 

ii  lam  disputes  with  the  inspector  maj  be  wholly 

□  bring  about  U peration  which  the  contractor 

desires  with  his  customers     0  re  are  contractors 

who  do  noi  read  the  specifications  before  they  bid.  in  other 
words,   they   do   not  really    know    what  ted    ol    them. 

and   only   trouble   can    I xpected    from    any    sui  b    situation 

as  this.  Hut  where  the  inspectoi  lakes  the  attitude  thai 
be  is  there  not  only  to  see  thai  the  job  is  done  in  accordance 
with  the  specifications,  but  to  make  the  job  go  along  quickly 

and   smoothly,   the   relations    between    him   and   tb ntraCtOl 

Hind    to    be   harmonious,    and    without    harmony    no   or- 
ganization  can   possibly   work   as    II    ought, 

Inspector's  Interpretation  of  Specifications. — With  regard 
in  i in  inspector's  interpretation  ol  the  specifications,  it  can- 
inn  be  too  strong!]  stated  thai  all  specifications  must  be 
Interpreted  with  common  sens.-  if  he  is  supervising  the 
laying  of  granite  block  pavement,  be  must  realize  thai 
blocks  are  not  pieces  of  mosaic  To  be  unduly  careful  about 
the  straightness  of  the  ro»s,  or  the  widths  of  the  blocks  In 
the  rows  or  the  widemss  of  the  joints,  and  then  not  to  see 
i hat  the  cement  grout  is  properly  mixed  and  placed  Is  to 
-how  lack  of  knowledge  as  to  where  to  make  the  contractor 
live  up  to  a  literal  interpretation  "i   tie-  specifications 

This  same   idea  applies   to   i  the    inspector      It 

every  time  the  engineer  visits  the  job  he  talks  about  some- 
that  is  wrong  especially  II  t  is  Borne  small  matter 
rarely  says  anything  about  what  is  right,  he  soon  gets 
ih.  reputation  of  being  impractical,  and  he  probably  is.  If 
thai  foreman  or  superintendent  Is  worth  anything  at  all, 
the  job  he  is  running  is  to  him   the  greatest   job  there   is. 

mil  iii  have  someone  find  laull  with  some  minor  point  dis- 
courages him  and  results  in  no  good  Nol  that  B  man  should 
be  constantly  praised,  tor  that  I  surelj  not  good,  but  a 
word  oi   encouragement   at    times   will  often  do  more  than 

fault    finding  to   bring   about    a   de8lre   on   the   part   of  the   con- 
tractor's  foreman   to  do   his   best,   Which   is   surely   whai 
engineer    wishes.      The    contractor's    superintendent    or    fore- 
man  should   be   led   to  look   to   II ngineer   as  a    man   having 

superior  knowledge  along  certain  lines,  ami  not  simply  as 
a   kind  of  super-censor  w]  pal  job  is  to  find  fault. 

The  Guarantee.— The  subject  Ol  guarantee  Is  closely  re- 
l.it.il   to   that   of  inspection. 

In  the  days  past  when  the  rai i\i>os  of  modern  pave- 
in.  -ui  -ui  the  Knowledge  ol  them  ami 
their  behavior  was  noi  what  ii  Is  now,  a  guarantee  of  10 
to  15  years  might  have  seemed  a  good  thing  for  the  city  or 
town  to  require,  it  enabled  the  >  ngineer  ami  the  citj  author* 
Itie    to  put  tie-  responsibility  of  thi  •■■   patvemenl 
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contractor  who,  o1  course,  ,  barged  In  his  bid  tor  this  Careful  Subgrade  Preparation  for  California 

lough  tins  fact  seems  in  be  frequently  not   real  D                   r 

Ized,  and  is  not  Cull]    realized  yet.     People  In  business  can  Koad 

not    give   something    tor   nothing,     if   thej    are  expected    to  a   noteworthy   teature  of  I                     lulian  concrete  road 

maintain    Bom                   iuI    the   design    ol    which    thej    have  now  under  construction  in  Sai    Dieg unty,  California,  was 

dad   nol                    ..  thej    have  to   be  paid   tor  this  service.  the   care   taken    In    the   preparation   ol   the   subgrade.     This 

Contracting  is  a  hazardous  business,  especially  In  these  days  work   involved   three  general   operations   in   which  three  dil 

ml  all  principal  riske  expected  are  terenl  shapers  made  ol  beavj   timbers  with  steel  blades  and 

covered  bj    the  careful  contractor  in  making  up  his  bid.  Iron  shoea  running  on  the  headers  were  used.    The  operations 

....                                       ,  were   as    fellows: 

Long   Term    Guarantee   a    Maintenance    Fund.      A    long    term 

guarantee  Is  nothing  more  or  less  than  a  maintenance  fund.  First'  ""'  roadwaj  was  plowed  to  full  depth  of  the  imple 
Let  us  suppose  an  asphalt  pavement  laid  ;  o  and  ment-  lL'  '"  "'"  Ur"VJ  considered  too  much,  and  clods  were 
guarant tor  10  years.  Who  can  foretell  whal  the  traffic  '""k''M  '"'  with  a  cultivator  run  diagonal!  cro  the  road- 
conditions  will  be  l"  years  from  now     or  Bve  years,  tor  thai  '*'■'>  '"  ""  ''"""  ""-v  riDa  tnat  ma5  t,;,v"  ' "  leK-    A  Fresno 

The  streel   we  are  considering   maj    bave   been   de  rtas  """  "s'''1   "'  '"'   ,l"■  l,,sh  and  ml  ,h"  '""   si"lts  ullil" 

ght  or  medium  traffic  but  the  neighborhood  has  ""'    cultivating    was    continued.     Then    the    subgrade    was 

B    an    industrial   one.  heavy    trucks    travel   over   it    in  roughly  shaped  to  cross  section. 

.,  |   Bumber8  net   dreamed   ol   ten    yeai     ago      rel   the  The  subgrade  was  rolled  while  11  was  still  drj   to  discover 

failure  ol   thai   pavement,  if  the  maintenance  clause  of  that  snuls    were   settlement    mighl    occur,    and    these    were    ailed 

contract  is  carried  out,  will  result  in  an  expense  to  the  eon  wlul"   ""'   shaper   was   being   used.     Rolling   also   helped  to 

tractor  to  which  it  is  unfair  to  put  him.  pulverize  the  clods  and  make  the  character  of  the  subgrade 

,   .,    .    ...   ,,  uniform.      Cultivating    and    rolling    were    continued    until    a 

t   ought    to   be   recognized  that   it    the   engineer   writes   a  ...                             ,     ,     .     .           , 

,.,.,,          ,.  uniform    crown    and    desired    grade    were    secured.      When 

!    giving    in   detail  just    how    ,  n    pavement    is   to  ,         ...                ...     .    .       ...    ,       ..    ..     ,   . 

,                  ,           ,  .,            ,  shaped   it   was   cultivated   with   longitudinal   furrows   to  pre- 

■  d,  and   provides  proper  inspection  of  the  work.  .  ,            , 

.,....,                         ,                    /  pare  it   tor  watering. 

he   must  take   the    lull   responsibility    tor    ihe    work   and    not  ....           .          ,                     ,        .    .            ..            .   ,„„    .      ...    ,. 

,      .,          ...             .■      i  -    i     i      ,■                      ,i         i  j  im'  subgrade   was   watered    in  sections  of  500  to  600   ft., 

make  the   public   pay   tor  Ins  lack   ol    proi.  ssional    knowledge  ,            ,                ,  .  .   ,                                    ,    .               . 

.,.,".                                 .    *_.,                                        ,  a   large  hose  and   high   water   pressure   being  used.     Watering 

and  confidence  m  lus  own  judgment,  which  the;    will  surely  ,            ,.                         .■                      .■        ., 

....                .  ,  ot    a    section    was    a    continuous    operation,    the    stream    beinj 

do,    b                       contractor    is    compelled    to    consider    the  ,..,•..,            ,u    •       .     ■  \..   i-                      •         :  Iy. 

,,    ,       ,  directed    into    the    earth    m   straight,   lines    cross-wise    o     the 

extra    expense    that    lie    will   be   put    to    because    ol    the    long  ,                                     .  »     ,.  .      ,              .    ..                          „,  . 

,  .          ,,.     ,  subgrade.  advancing  4  to  b  inches  each  time  across.    Water- 
maintenance  term  in  his  contract.  °   . ,      .     .        ..      ,   . .             .     „ ° 

ing  was  done  preferably   during  the  latter  part  of  the  after- 
Guarantee    Practice    in    Various    Cities,      fust    a    few    weirds  noon  and  cultivation  started  the  next  morning.     Rolling  was 
as  to  tin    present   practice  of  guarantees  in  a  few    places.  The  resumed   as  soon   as   the   subgrade   was  brought   to  the   proper 
tin     of    Buffalo,    we   are    informed,    still    requires    a    10-year  consistency,    and    continued    until    there    was    practically    no 
guarantee    on    asphalt    pavements.      In    New     York    city,    the  more  compression  indicated  under  the  wheels.     When  rolled 
all   types   of   paving   and   repairing    is   .",    years,  down   to  within   an   inch   of  the  final  grade,  the  final   culling 
with   tin'   exception  of  granite   block,  which    is   for    1    year.     In  was  done  with  the  shaper  resting  on  the  headers.     The  shaper 
Philadelphia,  where  the  pavement  is  paid   for  whollj    by  the  was   drawn  by  the   steam  roller,  and  was  weighted  down    bj 
city,  it  is  :;  years  on  bituminous  pavement,   I   year  on  granite  the  subgrade  crew  riding  on  it.     By  means  of  a  handle  the 
block,  and   ".  years  on   vitrified   and   wood   block       Where  the  shaper  can  be  turned  over  and  the  excess  earth  cut  from  the 
,us  of  any  character  are  paid  for  in   whole  or  in  part  subgrade   dumped    in    transverse   ridges,    leaving   the    shaper 
b>   assessment   bills  the  guarantee  is  for  :»  years.  ready   for  the   return   cut.     A   scratch   template  was   used   to 
The  specifications   of  the   Pennsylvania    State    Higway   De-  check   for  depth,   and   the   subgrade   was   again   watered.      In 
partment,    which    are    unusually    complete    and    clear,    do   not  its  final  stage  the  subgrade  was  so  hard  that  wheels  of  heavily 
require   a    maintenance   guarantee;    when    the    job    has    been  loaded   trucks  made  no  perceptible  indentation. 

!  and  has  been  paid  for  the  contractor's  responsibility  

ends.  In  other  words,  the  State  engineers  take  on  them-  ..  ..  D  •  »*•  l-  u-  l_  \\i  i  ir>io  inc., 
selves  the  professional  responsibility  for  the  w„rk  and  the  Unlt  Pnces  M"*1?*"  Highway  Work,  1918-1921 
contractor  is  expected  to  do  his  part  toward  constructing  the  An  interesting  comparison  of  prices  for  highway  work  in 
work  as  called  for  by  the  specifications.  It  is  rather  sig-  Michigan  in  the  past  four  years  was  given  by  Mr.  F.  D. 
nificant  that  these  specifications,  which  1  understand  are  re-  Messinger,  Board  Engineer  of  the  State  Highway  Department, 
garded  as  a  very  good  example  of  modern  specifications,  in  a  recent  bulletin  of  the  department.  The  accompanying 
eliminated  the  maintenance  guarantee.  table  summarizes  the  average  unit  prices  for  the  years  1918 
. to  1921: 

, 1918 s    . -1919 , 1920 .    , 1921 , 

Item   of  Work.  No.  of        Average         No.  of       Average        No   >•!        Average         No.  of        Lvei 

contracts,  unit  price,   contracts    unit  price   contracts,  unil  price,   contracts,  unil  i 

Clearing,    acres    2            $  16            (113.23              7                                       12            %  65.0] 

Grubbing,  square  rods   2  n  ",.                 i">                  1.21               5                 1.45                12                  i  i 

Earth  excavation,  cu.  yd IT  "..~>1              130                 0.66           135                 0.79              211                  0.61 

•Earth  excavation,  cu.  yd ...  ....  26  1.01 

tEarth  excavation,  cu.   yd ...  109  a. 77  116  0.56 

Rock  excavation,  cu.   vd 2  2.81                   6                                        3                   3.43                   7                   3.50 

Sodding,  ¥ii.  yd 3  0.17                   1                                     ...                   1 

12  in.  c-ncascil   tile  culverts,   lin.   ft M  1.36  106  1.95  99  1  79 

15  In.  encased  tile  culverts,   lin.   ft     4::  1.S7  70  E  69 

noased  tile  culverts,   lin.   ft ...  3  1   11  56  3.28  66  2.62 

12  in.  corrugated  metal  culverts,  lin.  ft pi  2.13                 20                   1.93                3                   2.34                 26                   1  83 

metal  culverts,  lin.  ft 11  2.48                12                 2.51               2                 3.40                22                 2  17 

18  in.  corrugated  metal  culverts,  lin.  ft 2*  3                   2.16                1                   1.45                 34 

1:2:4   concrete,    cu.   yd 16  32               117                 20.6i            133                                        174                 2]  60 

l  :2'_.  .",  concrete,  cu.  vd ....                .    .                   ....              16                 26.37                 19                 b  a 

1:3:6  concrete,   cu.   yd 16  13.43                106                 19.96            in                 24.24               130                 19.6 

Steel  reinforcement,   lb 13  116                   0.082          127                   0.102             154                   0  081 

Concrete  gutter,  lin.   ft ....                   2                   0  S6            ...                   

Cobble  gutter,   lin.    ft 1  use                   1                    [.00            ...                   6                   n  si 

Curb  and  gutter,  lin.  ft 2  0.59                  2                  1.24               2                 0.80                  2                  0.79 

Guard  rail.   lin.   ft 0.42                 55                   0.56              68                   0.77                 99                   0.60 

One  course  gravel  surface,  cu.  vd 3  1.32  12  2.78  3  3.05 

Base  course  gravel  surface,  sq.  yd ...  ....  7  0.56  17  0  16 

Two  course  gravel  surface,   sq.  yd 30  0.59                  51                    0.94               60                    1.04                  69                    u  77 

Stone  or  slag-gravel  surface,  sq.  yd 5  0  7*                 11                   1.35               5                   1.06                   4                   0.90 

Waterbound  macadam  surface,  sq.  yd .                       19                   1.22               2                  1.88                  4                   0.92 

Bituminous  macadam  surface,  sq.  yd ..                       2                   1.06               4                   2.05                   4                   1.95 

Bituminous  surface  treatment,  sq.vd ....                ...                   ....                2                   0.155                 o                   n.Ofl 

Concrete  pavement,  sq.  yd ' ■  1.97                 20                   2  15              30                   3.18                 91                   2.79 

Bituminous  concrete  pavement,  sq.  vd 1  2. in  ...  3  18  2.96 

Concrete  base.  sq.  >d ....                   3                   1 .56            ...                   .... 

Brick  on  concrete  base,  s-    yd ....                   1                   3.76            ..                     ....                   1                   3.75 

Bituminous  concrete  wearing  course,  sq.  yd ....                   3                   1.58                2                   1.8!                ...                   .... 

Bituminous  macadam  wearing  course,   sq.  yd ...  ....  ...  3  0.88 

•With   paving   contracts.      tWithout    paving   contracts. 

The  "average  unit  price"  is  the  total  price  divided  by  tbe  total  quantity,   the  number  of  contracts  not  being  considered.      Contracts 
awarded  to  townships  and  counties  at  cost  were  not  Include  A. 
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Better    Pay    for    Highway    Engineers 

A  Report  on  the  Compensation  of  Highway  En- 
gineers in  Iowa  Presented  to  the  State  High- 
way Commission  by  Sioux  City  Chapter, 
American  Association  of  Engineers* 

iponslbllity  • 

- 

the  work  i 

build   the  vehicle  I     " 

liars  in 
is  the 
■ 
tonal  repul   ■  resull      The  Btate 

rs  in  other 
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Salaries  of  County   Engineers  In   Iowa   In  1921. 

n.-ers   are   al- 
d  some 

■ 

.if  work  because  of  the  magnitude  of  the  highway  busi- 
ness and  the  experiment  ter  of  the  work  due  to  con- 
tinually expanding  traffic  requirements. 

There  would  be  hundreds  of  applications  for  the  position 

of  State  Highway  Engineer  if  the  salary  were  only  $2,500. 

As  long  as  the  public  Is  willing  to  accept  any  kind  of  serv- 

11  all  its  places  at  any  given  salary.     In  elective 

but  we   must 

take  into  account  that  men  want  these  political  positions  for 

the  glory  and  prestige,  and  they  are  held   only   tor  a  short 

term  ol  '   which  a  man  may  return  to  his  business 

n   and   recuperate.     Thi  on   the  other 

hand,  i-  underpaid  in  the  same  way.  and  this  is  bis  life  work. 

Annual  chat  .  onel  due  t"  Inadeq  riea  ruin 

•  n  organization,  and   thousands  of  dollars 

In  training   men   for  thi  I    when   the 

more  attractive  salaries. 

The  expenditun  nothing  compared 

to  thi  competition 

for  t>r  rioi    vain.,  in   planning  and 

building  big]  '"r  talenl   In   all  the  fields  allied  to 

hlghw.  i'ss  we  pro- 

tor   enginei  r«   to   handle   tins   work 

;i   find  our  organisations  weakened  Jusl   at   th 

i    when 
if  we  wanl 

hlghw  t 

must    obscr  we    gel    what    we 

appnii  •  mmittee  mai 

•FV'  i 


q|  ini  •  A  county  highway  service 

commensurate  with  the  responsibilities  of  the  positions  con- 
il  The  list  of  Balariee  for  professional  engineers  in 
Btate  blghwaj  Bervlce  was  compared  with  the  salaries  actually 
being  paid  today  In  Iowa,  and  a  Dumber  of  other  representa- 
tive  stai.s.     The  intended  by  the  committee  are 

aot,  by  any  means,  extreme      I  m  of  the  conn 

whal  should  be  paid  ■■  occupying  highway 

ii.isitiiins  was  tempered  bj    -   kno  necessity  of 

ting  the  public  and  publii    officials  before  any  consid- 

erable   reliel    could   be   o  Accordingly,   the   salaries 

recommended  were  lower  i  eould   be  recommend 

DS   "I    similar   nam  "i    public   service.      It   Is 

worth  notiii.  ii  approved  by  the 

American   Road    Builders'  Association  and  by  the  Am. 
Association  of  State  Highway  Officials. 
The  committee  which  prepan  d  the    alary  recommendations 
:  in  in.  then  consulting  high- 
I    the  Portland   Cei     ul    A   sociatlon  and  now 
dean   of  engineering  at    the    Univei    Ity   of   Maryland;    S.   C. 
Hadden,  editor  of  Municipal  and  County  Engineering;  J.  H. 
Prior,  consulting  engineer  on  public  utilities,  Chicago;    v  it. 
Hirst.   State    Highway    Engineer,    Wisconsin;    v.   II.    Newell, 
then   presidenl   ol   A     \  ad  of  the  department   of 

civil  Engineering  o  slty  of  Illinois. 

ponding   hlghw  a  ol    thi     committee 

ii.   McDonald  CJ.  S.   Bureau  of  Public 

Roads;   W.   L,  Basset,  Bun  Municipal   Research,  New 

York;    \Y.    D.    I'hlei.    chlel         .nicer,    Pennsylvania    Highway 

Department,  A.  B.  Fletchi  •  of  Call- 

'•  n.  chief  engineer,  Massachusetts  State  High- 
was  Commission;  Clifford  Older,  chief  engineer,  Illinois 
State  Highway  Department;  and  H.  F.  Shirley,  of  the  High- 
way  Industries  Association  of  Washington,  D.  C. 

Throe  states  pay  their  chief  highway  engineers  an  amount 
equivalent  to  the  minimum  salary  recommended  In  the  sched- 
ule No  state  in  the  Union  pays  its  engineers  of  construc- 
tion, its  engineer  of  maintenance,  its  office  engineer,  or  its 
confidential  inspectors  as  much  as  is  recommended  in  the 
schedule.  Only  one  state  pays  its  first  assistant  engineer 
of  construction  the  equivalent  of  the  minimum  salary  recom- 
mended in  the  schedule.  Alt  In  ugh  eleven  or  twelve  states 
pay  their  assistant  engineers  the  equivalent  of  the  minimum 
recommended  it  is  quite  likely  these  engineers  are  perform- 
ing the  duties  of  higher  positions  and  that  were  their  title 
to  exactly  indicate  their  duties,  they,  too,  would  be  found  to 
receive  considerably  less  than  the  recommended  minimum. 

The  recommended  salaries  in  the  schedule  were  not  estab- 
lished on  a  war  time  basis;  they  are  not  intended  for  a  time 
when  values  are  inflated. 

We  wish  to  bring  out  the  fact  that  forty  county  highway 
engineers  in  Iowa  who  are,  admittedly,  underpaid  are  receiv- 
ing salaries  of  from  $3,000  to  $4,000  per  annum,  while  engi- 
neers employed  by  the  highway  commission  on  similar  work, 
n  i  elve  only  $2,400  per  annum 

We  believe  that  the  compensation  now  being  received  by 
highway  engineers  in  this  state  is  not  commensurate  with 
the  duties  and  responsibilities  involved,  and  that  a  higher 
schedule  of  salaries  would  result  In  better  service  by  en- 
abling the  commission  to  retain  men  of  suitable  qualification 
and  experience. 

We,  therefore,  respectfully  recommend  that  the  Iowa  High- 
I  ommission  adopt  the  "A.  A.  E.  Salary  Schedule." 


Cost  of  Grading  and  Paving  on  Federal  Aid  Road  Jobs. — 
Statistics  compiled  by  the  Bureau  of  Public  Roads  of  the 
!  States  Department  of  Agriculture  on  1,350  completed 
i laid  roads,  involving  7,500  miles  of  road,  at  a  total 
co  i  of  $112,000,000,  show  that  of  the  total  cost,  21  per  cent 
went  into  grading,  14  per  cent  into  structure,  62  per  cent  into 
paving,    and    3    per    cent    tor    i  These    are    the 

average  figures  for  the  whole  of  the  United  States,  but  there 
'le  variation  In  different  sections.  In  the  Middle 
Atlantic  States,  where  grading  is  not  heavy  and  paving  must 
be  built  for  heavy  traffic,  the  cost  of  the  paving  ri 
76  per  cent  and  the  grading  and  structures  fall  to  15  per  cent 
per  cent,  respectively,  in  the  Mountain  States  the 
problem  Is  very  different,  much  of  the  work  being  new  con- 
l  i ruction  with  heavy  grndlng,  and  the  highest  type  of  sur- 
face is  not  necessary.  In  this  group  of  states  the  cost  of 
grading  amounted  to  33  per  cent,  structures  20  per  cent, 
and   paving  42  per  cent. 
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Developments  in  the  Scientific  Testing  of  Road  Surfaces, 
Subgrades  and  Materials 

Equipment  and  Methods  Developed  for  Use  on  the  Bates  and  Arlington  Experimental   Roads 


The  following  accounts  and  Illustrations  of  experimental 
equipment  and  tests  on  various  roads  are  taken  from  bulle- 
tins received  during  the  month  of  May  from  Bureau  of  Public 
Roads  of  the  v  S,  Department  of  Agriculture  and  the  Illinois 
Division  of  Highways: 

Bearing  Power  of  Soil  Determinator 

To  measure  and  compare  the  bearing  values  of  the  various 
of  subgrade  soils  the  Bureau  of  Public  Roads  of  the 
United  States  Department  of  Agriculture  has  designed  and 
built  an  apparatus  which  has  promise  of  good  results. 

The  apparatus  is  simple  in  design,  light,  easily  built,  and 
is  callable  of  measuring  the  bearing  value  of  almost  any  soil 
containing  an  appreciable  amount  of  moisture. 

It  may  be  operated  by  one  man  with  two  helpers  and  offers 
a  suitable  means  of  securing  valuable  information  as  to  the 
load-carrying  capacity  of  subgrade  soils  before  pavements  are 
laid. 

The  general  appearance  of  this  apparatus  is  shown  in  the 
accompanying  cut  and  it  has  only  four  separate  parts,  tripod, 
shot  container  with  bearing  foot,  shot  funnel  and  Ames  dial. 
The  load  is  applied  by  pouring  measured  quantities  of  fine 
shot  into  the  funnel  at  regular  intervals,  while  the  penetra- 
tion of  the  foot  into  the  subgrade  is  indicated  by  the  Ames 
dial  mounted  above  the  tripod  head. 

To  operate  the  apparatus,  the  tripod  is  set  firmly  in   the 


ground  and  the  shot  container  with  foot  is  brought  to  a  truly 
perpendicular  position  as  determined  by  the  small  level  shown 
in  t  above  the  shot  container.  By  a  Blight  movement  of  the 
bearing  foot  the  direction  of  (lie  load  plied  is  made 

perpendicular  to  the  subgrade. 

The  shot  funnel  is  next  placed  in  proper  position  at  the 
top  of  the  tube  and  the  Ames  dial  clamped  to  the  tube  with 
the  dial  foot  resting  on  the  top  of  the  tripod  head  and  when 
the  dial  is  adjusted  to  read  zero  all  is  ready  for  the  test. 

In  the  tests  which  the  bureau  is  conducting  at  present  the 
load  is  applied  in  increments  of  1  pound  per  square  inch 
10  seconds  and  the  dial  is  read  to  1/1,000  in.  about  5  seconds 
after  the  application  of  the  load.  The  penetration  of  the 
bearing  foot  under  each  load  is  plotted  in  the  form  of  curves 
on  cross  section  paper  and  the  curves  for  the  different  soils 
are  compared,  taking  into  account  the  moisture  content  of 
each  which  is  determined  from  a  sample  of  the  soil  sealed  in 
a  glass  jar  at  the  time  of  the  test. 


Bearing   Power   Determinator   Standing   on    Pavement. 


Profilometer  for  Study  of  Surface    Irregularities 
Bearing  Power  of  Soil  Determinator 

It  has  been  suspected  for  some  time  that  roughness  in  a 
road  surface  is  objectionable  not  only  from  the  point  of  view 
of  those  who  travel  over  the  road,  but  that  it  is  also  produc- 
tive of  damaging  forces  which  affect  the  integrity  and  life 
of  the  road. 

It  is  for  this  reason  no  less  than  for  the  accommodation  of 
travelers  that  clauses  have  been  inserted  in  modern  specifi- 
cations limiting  the  degree  of  roughness  which  will  be  per- 
mitted in  the  finished  pavement.  Such  clauses,  in  fact,  are 
inserted  primarily  with  the  protection  of  the  road  in  mind, 
because  the  minor  roughness  which  it  is  their  purpose  to 
limit  is  not  particularly  objectionable  to  traffic. 

But  though  there  has  been  a  well  founded  belief  that  such 
roughness  does  add  to  the  intensity  of  the  destructive  force 
of  impact  there  has  heretofore  been  no  means  of  measuring 
the  effect  of  it;  nor  has  there  been  any  instrument  by  which 
all  the  minor  variations  of  surface  level  which  make  up 
roughness  could  be  measured  with  accuracy. 

Two  instruments  have  recently  been  devised  by  the  Divi- 
sion of  Tests  of  the  Bureau  of  Public  Roads  for  the  purpose 
of  supplying  this  information  in  connection  with  the  accel- 
erated traffic  tests  which  are  being  conducted  under  the  direc- 
tion of  Mr.  Clifford  Older,  Chief  Engineer  of  the  Illinois 
Division  of  Highways  on  the  Bates  Experimental  Road.  The 
two  instruments  are  known  respectively  as  a  profilometer 
and  an  accelerometer. 

The  profilometer,  which  is  to  be  used  for  measuring  rough- 
ness, has  just  been  constructed  at  the  laboratory  of  the 
Illinois  Division  of  Highways.  By  means  of  this  device  the 
profile  of  any  part  of  the  road  surface  can  be  quickly  and 
accurately  obtained.  It  will  be  of  particular  value  to  all 
engineers  engaged  in  highway  construction  since  it  affords  a 
quick  and  simple  means  of  determining  if  road  surfaces  con- 
form to  the  degree  of  smoothness  required  by  pavement 
specifications. 

The  apparatus  consists  of  a  straight  edge  or  track  24  ft. 
long  and  a  recording  device  which  when  drawn  over  the 
track  records  accurately  and  autographically  the  profile  of 
the  pavement  beneath.  The  track  as  used  on  the  Bates  Road 
is  supported  by  three  bicycle  wheels  and  consists  of  two 
wooden  trusses  24  ft.  long  by  20  in.  high  with  a  3-in.  space 
between  them.  Four  turnscrews,  two  at  each  end,  permit 
of  leveling  the  track  at  each  set-up,  while  a  piano  wire  under 
•constant  tension,  stretched  from  end  to  end  gives  a  datum 
for  detecting  any  sag  in  the  track. 

The  recording  apparatus  consists  of  an  American  strain- 
ograph  to  the  pen  arm  of  which  is  attached  a  rod  connected 
with  a  brass  wheel  which  rests  on  the  pavement  surface.  The 
vertical  movements  of  the  small  wheel  caused  by  irregulari- 
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Profilometer    in    Use   on    Bates    Experimental    Road. 

-j.iinst  the  recording  wheel  of  a  planimeter  in  such  a 
way  that  the  upward  movement  only  is  recorded.  The  sum- 
mation "i"  vertical  ordinatea  shown  bj  the  attachment  divided 
by  tli<-  length  <>f  Burfat  i  -  an  average  ordi- 

hich  can  be  considered  as  a  roughness  factor  of  the 

This  apparatus  can   be  used  to  check  up  the  smootti 

length  of  pavement    As  a  lirst  Btep  levels  are  taken 
ints    18   it.   apart.     The   track   is   then   sel    over   these 

'ding  apparatus  is  drawn  over  it.     When 

points   are   plotted   on   the   profile    paper   the    n 

on  the  points  thus  giving  a  continuous 
•     proflli    ol  the  mi  face  for  any  required  di 

pparatus  •■•■  ill  be  used  to  deter- 
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of  the  motor 

erometer  which  was  Improvised  bj  the  Bur< 
Publi.  I   the  recording   pari  and  case  of  an 

American  strainograph,  to  the  pen  arm  of  which  is  attached 
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Arlington  Experimental  Road 
A  comprehensive  program  ol  road-building  research  and 
in  during  the  coming  season  at  the  Arlington  K\ 
perimental  Station  near  Washington,  D  C,  is  announced 
Impact  iesis  on  pavements,  subgrade  studies  and  other  ex- 
periments, which  la  i  ed  much  Interest  among  engl 
ii.  .-is.  will  be  continued  as  well  .is  several  other  lines  ol  work 
iiiuler  «  a)   last  year  and  n<  «   -  arted 

Tests    on     More    Than    Thirty     Bituminous    Sections.      BitU 

ruinous  wearing  surfaces  are  to  be  investigated  to  determine 

•    tor  the  formatl il  waves  and  Irregularities  and 

tie  mooted  qu  I  be    proper    a 

and  the  proper  mineral  ai  to  be  used  In  bituminous 

loads.    More  than  ::u  sections  ol  different  types  of  bituminous 
construction    "ill   be  built.     These   will   Include   mixtui 

ent   i  haniiai  grading  and  with  different   percen 

of  bitumen  of  several  degrei     ol  hardness.    Sections  are  he- 
track  about  600  ii    In  circum- 
i  h(    i  oadwa  |    bi  i  Ide,     <  In   this   roadwaj 

will  be  operated  a  5-ton  trucl    equipped  with  solid  tires.    The 
truck    will    be   operated    In         varying    path    so   as    to   cover 
practically   the  entire  width  ol   the  roadway  and  will  I 
..i   a   Bpeed  of  from   12  ti  an   hour  for 

months,  or  until  some   results  are  obtained    leading   to   the 
solution  oi  the  probli  ma  In 

Sixtyfive  Different  Concrete  Sections  to  be  Tested  for  Re- 
sistance to  Wear.  There  ii  iderable  discussion  as  to 
what    is    the   propet      riti  bi    used    In   selecting    and 

2    i  on.  rete  that    will    offer    i  be    gi 

amount  of  resistance  to  weai       \<  the  present  time  judgment 
is  based  on  wear  tests  made  in  the  laboratorj   and  upon  the 
ri  ssive   strengl  i  also  upon   the   structural 

strength  of  concrete   beams  constructed  and   broken   in   the 
laboratory.    The  comparison  ol  the  wear  of  concrete  in  actual 
use  on  road  surfaces  with  the  indications  obtained  In 
atory  experiments  Is  not  wholly  satisfactory 

To  throw  more  light  on  this  subject,  a  wear  test  is  to  be 
made  with  the  conditions  approximating  those  actually  found 

OH    the   road.      This  tesl    Will    include   about    65    seci  ions   ol 

wearing  surface,  each  section  being  of  a  different  quality 


General    View    of    a    Part    of    the    Arlington    Experimental    Station 
Showing   Slabs  for   Impact  Tests.   Sections  for  Concrete  Wl 
Test    and    Slabs   for   the    Investigation    of    Moisture    and 
Temperature     Effects. 

terete,  th<    qualities   being   varied  bj    virtue  ol   the  dtt- 
in    the    ml  amount    of    n 

ctlona  are  to  bi    constructed  on  a  circular 
runway   about    650   n     In   cin  the    runway    being 

I      ft.     W  ii|e 

On    this    runway    will    bl     opt  BClall]     constructed 
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car  wiiii  tun  1 1  u.  i    wheel     equipped  with  solid  rubbei 
and  loaded  to  represent  a  truck.    The  car  will  be  guided  by 
small  railroad  rails  tn  hold   it   in  position,  the  powei 
applied   by   means'  ol    an  electric    tnotoi    i»  the   rear   wheel 
This  apparatus  will  be  operated  around  the  circular  runwaj 
at   a   Bpeed   of   probably   20    miles  i    will 

Involve  the  usi    ol  truck  wheels  itb  different  kind 

.a  tires  and  will  Include  the  use  ol  non    kid  chains,    a     tee! 

tired  wheel  will  probablj  also  be  used  to  get  tl ffecl  of  an 

accelerated  wear  te 

•I'n,  |    i  .  experiment   Is  to  determine  I  be  i  elative 

wear  of  tic  different  concrete  ections  when  subjected  ... 
traffic  equipped  with  different  types  ol  wheel,  also  to  furnish 
a  comparison  between  actual  service  conditions  ami  labora 
tory  tests.  This  test  will  he  in  operation  continuously  begin 
ning  .Mime  tine  in    rune 

Impact  on    Roads   Studied.      In   a    rathei    i  ll       serie      oi 

Iments,    the    bureau    has   studied    impact    of   trucks   on 

and   Ki     determined  approximate!}    the   magnitude  "i 


radi    un.iei    the   pavements      This   test    will    also   sei 
show   the  relative  support  oil'  red  to  brick  ami  other  typi 
block    pavement   bj    concrete  bases  ami   broken  Btone 
rin-  Investigation  has  been  under  way  for  aboui  i year  ami 

w  ill    continue    for    some    time    to 


Sinus  for   Impact  Tests.     The  Cylinders  Are  for   Compression   Tests 
Being    Cured    Under    the    Same    Conditions    as    the    Slabs. 

impact  force  under  different  truck  and  road  conditions.  The 
effect  of  such  impact  on  concrete  pavements  and  several 
types  of  road  on  concrete  base  was  studied  and  reported  nw 
last  year.  This  series  of  experiments  is  to  be  continued  and 
enlarged.  Over  120  road  sections  or  slabs  have  been  con 
structed  in  duplicate  series.  One  series  is  on  a  carefully 
drained  dry  subgrade;  the  other  series  is  on  the  same  kind 
of  subgrade,  except  that  it  is  kept  wet  and  as  nearly  sat- 
urated as  possible  by  means  of  an  underlying  drain  til.  and 
side  ditches  filled  with  water. 

The  testing  of  these  slabs  will  begin  some  time  during  the 
month  of  May  and  will  be  by  means  of  a  new  impact  machine 
now  being  constructed  which  stimulates  the  action  of  the 
rear  wheel  of  a  truck.  On  this  machine  may  be  mounted 
truck  wheels  of  different  sizes  and  weights  carrying  different 
kinds  of  truck  tires.  This  apparatus  may  be  so  operated  as 
to  reproduce  the  different  loading  and  equipment  conditions 
of  a  large  variety  of  trucks.  The  slabs  will  be  hammered 
by  means  of  this  machine  in  the  center,  on  the  corners,  and 
on  the  sides  so  as  to  obtain  the  relative  strength  under  these 
different  conditions. 

Subsoil  Investigations. — Subsoil  investigations  are  being 
continued  for  the  purpose  of  studying  and  investigating  rela 
tivc  stability,  moisture  condition,  and  supporting  value.  Dif- 
ferent methods  of  determining  the  bearing  value  of  soils  are 
also  being  studied,  that  is,  as  to  whether  small  or  large  areas 
should  he  used  in  determining  the  relative  bearing  value. 

Temperature  and  Moisture  Effects. — The  warping  effect  of 
temperature  and  moisture  conditions  on  concrete  pavements 
is  also  being  investigated.  Temperatures  and  movement  are 
being  recorded  graphically  on  continuous  charts.  In  addi- 
tion to  these  temperature  and  movement  measurements  the 
pressures  on  the  subgrade  under  the  concrete  slab  are  ob- 
tained by  means  of  soil  pressure  cells.  This  investigation 
will  give  some  definite  information  concerning  the  support 
offered  by  subgrades  to  rigid  concrete  roads.  This  investi- 
gation has  been  under  way  for  some  time  and  will  continue 
probably  for  a  year  or  more. 

Subsoil  Pressures. — The  transmission  of  loads  through  dif- 
ferent types  of  pavements  to  the  subgrade  is  being  investi- 
gated   by   means   of   soil   pressure    cells   placed   on   the    sub- 


Federal  Funds    or  National  Forest  Roads 

i  lie     inn   oi   $15,000,000   i'.'     i"  i  ii   ap lioiied   by   the   Sec 

rotary  of  Agriculture  among  L'7  slates.  Alaska,  ami  I'orto 
RiCO  for  the  construction  of  National  Forest  roads  and 
trails. 

in  this  sum  $9,500,000  known  as  the  "National  Fori 

waj  fund"  is  set  aside  I'm  n.j.l  ol  primary  import  .1  no 
to    slates,    counties    and     National     forest     communities;     $5,- 

I  constituting  the  "National   Purest   Development    Fund" 

will  be  used  for  the  construction  of  roads  and  trails  needed 
tor  the  administration  and  utilization  Of  the  forests  them 
selves. 

These   appropriations,    torestrj    officials   state,   will   give  a 

new  impetus  to  the  work  of  opening  up  vast  tracts  of  valuable 
timber  and  areas  of  scenic  beauty  for  the  use  and  enjoy- 
in.  111  of  the  American  people.  The  developm.nl  of  roads 
and  trails  throughout  the  forests  will  aid  materially  in  fire 
protection.  At  present  there  are  large  areas  of  trackless 
wilderness  within  the  National  Forests  that  can  not  be 
n  e  led  by  trails.  When  lightning  storms  sweep  over  these 
Inaccessible  areas,  heavy  fire  losses  of  public  timber  often 
occur. 

Speed  in  reaching  a  forest  lire,  foresters  say,  is  just,  as  im- 
portant in  protecting  the  country's  forests  as  is  speed  in  city 
lire  protection.  But  high  speed  within  the  forests  means  4 
or  5  miles  an  hour  over  a  mountain  trail.  If  no  trail  exists 
it  is  often  impossible  for  the  fire  fighters  to  average  more 
than   one-fourth  of  a  mile  in  an  hour. 

In  the  past  construction  of  many  urgently  needed  forest 
roads  has  been  deferred  for  lack  of  sufficient  funds.  Much 
of  this  work  can  now  go  forward.  The  Forest  Service  esti- 
mates that  eventually  over  $100,000,000  will  be  required  to 
supply  a  thoroughly  adequate  transportation  system  through- 
out,  the   156,000,000   acres   within   the   National   Forests. 

The  distribution  by  states  of  the  "National  Forest  De- 
velopment"   and    "National    Forest    Highway    Funds"    is    as 

follows:                                                ..  ,         ,  ,,  ....       ,  „ 

Nan. .mil    For-  National    bor- 
es!   Highway  est   Develop- 
Fim.l.  merit  Funds, 

State.                                                     .  $9, 0UI1. $.-,,.• ,111111. 

Alabama     $       4,880  $       5,799 

' J  '     .  .        970,271  50,222 

Arizona 598,189  280.722 

Arkansas    70,365  72,673 

alifornia     1,460,871  7113, *22 

Colorado     717,068  ::..;;;.,.. 

Florida     26,118  B.730 

Georgia    13,355  20,347 

idano    1,097,894  1,088,656 

Maine    2,760  4,754 

Michigan     3,638  6,220 

Minnesota     60,929  65,621 

Montana    878,886  574,615 

Nebraska    11,066  11,159 

Nevada     207,984  55.377 

New    Hampshire 35,294  24.276 

New    Mexico 458.258  219,662 

North    Carolina 27,856  must 

Oklahoma     6,645  8,764 

Oregon      1,157,109  718,555 

Porto    Rico 1.454  5,344 

South    Carolina 1.572  8,704 

South     Dakota 77,553  64,139 

Tennessee    20,896  23,243 

Utah     371.776 

Virginia    26,140  46,512 

Washir  gton     708.133  602.889 

West     Virginia 6,051  14,602 

Wyoming    479.000  267,101 

Totals    $9,500,000  $5,500,000 


Technical  Photographers  Form  Society 

The  Technical  Photographic  and  Microscopical  Society  was 
organized  at  a  meeting  held  in  the  Chemists'  Club,  New 
York,  on  May  10.  It  is  planned  to  hold  a  general  conven- 
tion of  industrial  and  miscroscopical  photographers  in  con- 
nection with  an  exhibition  of  photographic  work,  chemicals 
and  apparatus  to  be  held  at  the  Grand  Central  Palace,  Lex- 
ington avenue  and  Forty-Sixth  street,  New  York,  during  the 
National  Exposition  of  Chemical  Industries,  September  11-16, 
1922. 

James  McDowell,  of  Sharp  &  Hamilton  Mfg.  Co.,  of  Boston, 
was  elected  president,  and  Thomas  J.  Keenan,  editor  of 
PAPER,  251  West  Nineteenth  Street,  New  York,  was  elected 
secretary-treasurer.    Annual  dues  were  fixed  at  five  dollars. 
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Inspection     Work     for     Pennsylvania 
Highways 

How  Surveys,  Plans,  Contracts  and  Construction 
Are   Handled,    Outlined    in    Paper   at   Am.   Soc. 
C.  E.  Symposium  on  Highway  Transportation 

By  li    K    mi. is. 

it  hu  been  round  In  toe  Pennsyl\ 
partment   that,    In   connection    witl 

.  irable  hlghws  •  the  executive 

tor  and  thai  tl 
lifted  and  -■■  ■  ■  :  manner  In  which 

handled  on  the  const)  >     Mr. 

■  i  the  thought  thi 
m  on  contracl  work,  and  tl 

■  ■    that    his    view  i  >  vative,    but, 

ii  man]    times  reach  decisions 

that  '■■  the  work  ol  both  thi  Bee  and  the 

main  department     The  highways   is 

tandardlsatlon   and   work   o(  this   character  can 

Iced,  imt 
.     on  the  man  assigned  to  it;  therefore,  all 

Selection   of  Construction    Inspectors.     The   work  ol 

.  ,n  also  lie  systematized  and   checked,  bui   after 
:k  ol  an  Inspector  lias  been  don,-,  checks  may  be  made, 
but  en  tly  to  correct.    In  Pennsylvania,  candidates 

lor   inspection    work   are   not  <  ivll   service,    the 

policy  of  "hiring  and  firing"  being  preferred.     It  is  1" 
that   all   in-;  ould   be    Interviewed    at    headquarters 

before  beini:  The  candidate,  on   tiring  employed, 

i  that  he  should  consider  himself  a  Bervant  of  the 
public,  and  that  as  far  as  emoluments  of  of]  oncerned, 

-t  also  realise  that  the  satisfaction  of  building  a  road 
that  Is  a  credit  to  the  department  and  to  the  commonwealth, 
must  serve,  in  his  own  mind,  as  additions  use.     He 

is  told  that  as  far  as  the  department  is  concerned,  be  is  not 
merely  building  Route  Number  so  and  so.  but  in  the  future 
the  contract  on  which  he  is  employed  will  be  known  as  the 
road  that  Inspector  "Sn  led.     In  other  words,  an 

attempt  is  made  to  appeal  to  the  human  element  and  arouse 
ndidate's  ambition     ••  thai   be   will   deliver  a  real  job. 

Inspection  Preliminary  to  Surveys.— The  inspection  of  con- 
struction is  only  a  small  part  of  Inspection  work.  Preliminary 
to  the  making  of  surveys  for  the  preparation  of  plans,  the 

know- 
will  be  improved  in  after  years.  In  other  words,  every  trip 
a  district  engineer  makes  over  an  unimproved  road  permits 
him  to  -locations  or  changes  in  roads,  and  in  the 

spring  of  the  year  these  trips  are  particularly  valuable  in  the 
Inspection  of  drainage  conditions. 

All  construction  plans  are  premised  on  careful  studies  of 
drainage,  and  an  endeavor  is  made  to  locate  both  sub-surface 
and  surface  drainage  structures  so  that  they  will  answer  not 
only    the    ordinary    conditions,    but  ordinary    con- 

dition ed  during  the  heavy  winter  of  1919,  when 

thai   bad   been   constructed   t  save  signs  of 

a  during  the  spring  thaw.     These  inspection  trips,  as 
-miiian/,,!    by    adequate 
notes  whlcii  i  In  the  office,  who 

signing  the  road. 

Daring    1921    Peni  678   miles  of  high- 

up  of  the  so-called  durable  types — sheet 
asphalt  or  asphalt  at  concrete  foundations, 

vltrifi-  ad  one-course 

relnfor  an,    the   ma- 

terial -fully    studied    during    1919   and    1920. 

Considerable   tlm,  pent 

during  the  miles  In    1919  and    in  miles 

in   1920,  In  t  ih   local  and  com- 

mercial, by  ■  '  to  Pennsylvania. 

The  in  ad  to  a 

study  •  '  prior  to  the  Issuance  of 

the  sur- < 

Inspection  During  Preparation  of  Plans.— After  a  survey 
ban    I  ■  dlstl  let   en- 

gineer, a  preliminary   Inspection    witl  .rints  of  the 


ct  al  band,  is  made    i;  rict  ei 

resentative  from   headquarters,  and   II   the  project   is  a  par- 
ticularly d in.,  nil  ■■  inspi  •  tlon  Is  mad<   on 
d  •.  it  is  decided  -■  hi  ther  the  alignment 
.  and   In  checking  this   feature,  it  has  been   i 
deavor  to  teach  the  men  thai  th     laying  oul  of  the  highway. 
viewpoint   of   economy,    must   be  developed   by   a 
study  of  distance,  of  maximum  and   ruling  grades  that   will 
ifflc    conditions,    the    elimination    ol    unnecessary    rise 
and  fall,  and  of  dai                    ,-ature.     This  does  uol   mean 
ii  highway  work,  the  refinement    used   bj    the  railroad 

iie  can- 
not visualise  or  even  app  a  determine  which  of  the 
previously  atloned  featari  tlon  is  the  most  im- 
portant, whether  it  is  ellminatii      - f  i    ■  <<>  tali,  or  curvature, 

maximum  or  ruling  grades,  Ol    B      tudj    toward   the  elimination 

of  distance,     The  traffli  ed   so  rapidly  in  the  last 

hat  it  would  appeal  that  even  the  present-da]  en- 
gineer would  have  to  bl  ath  son  of  a  prophet  in 
order  to  anticipate  litions  ten  years  hence.  The 
checking  of  judgment  by  figures  In  establishing  maximum 
rise  and  fall,  and  curvature,  which  really  amounts 
in  the  setting  of  business  tin  expenditure 
of  funds  at  this  time,  must  be  premised  on  anticipated  traffic 
which  the  road  will  have  to  bear  5,  10,  or  20  years  hence. 

Another  type  of  inspection  is  that  of  determining  the  kind 
of  surfacing  material  which  is  to  be  used,  and  it  is  felt  that, 
in  deciding  this  question,  an  inspection  on  the  ground  by 
the  district  office  is  most  important,  so  that  full  data  may  be 
secured  as  to  the  availability  of  materials,  the  nature  of  the 

ni  of  the  road,  and  thi  ind  the  antii   . 

which  the  road  will  take. 

It  has  been  found  that  in  of  type  should  not  be 

based  on  the  first  cost  alone,  but  should  represent  an  invest- 
ment, particularly  where  bond  issue  moneys  are  concerned, 
which  will,  in  some  measure,  be  available  after  the  bonds 
matured,  this  investment  not  only  being  made  up  of 
grading  and  drainage  structures,  but  also  of  the  surfacing 
material.  The  competition  between  types,  where  such  com- 
petition is  based  on  engineering  judgment,  is  healthy  and 
stimulates  or  results  in  lower  pi  li  es,  induced  by  more  efficient 
business  methods  in  the   construction  of  the   road. 

Inspection  to  Determine  Availability  of  Local  Materials. 
— The  preliminary  Inspection  a  carried  on  by  the  district 
engineer  is  made  almost  simultaneously  with  an  inspection 
made  by  the  engineer  of  tests  or  his  representatives,  who 
examine  the  availability  of  local  construction  materials,  the 
matter  of  inspection  many  times  requiring  from  3  to  5  days 
on  a  3  or  4-mile  project.      I  ntatives  of  the  engineer 

of  tests  blast  out  ledges  and  dig  test  pits,  so  that  representa- 
tive specimens  may  be  obtained,  and  the  quantity  of  materials 
available  may  be  determined.  This  work  has  proven  to  be 
of  extreme  importance.  In  1919  there  were  only  about  8 
per  cent  of  the  contracts  on  which  local  material  was  used. 
In  1920,  some  local  material  was  used  on  2S  per  cent  of  the 
contracts,  and,  in  1921,  there  has  been  an  increase  in  the 
use  of  suitable  local  materials,  which  has  necessarily  resulted 
in  a  lowering  of  the  first  cost  of  the  road. 

The  mechanical  testing  of  materials,  in  a  well  ordered  de- 
partment, is  mostly  by  systematized  routine,  and  the  writer 
feels  justified  in  stating  that  the  most  important  feature  of 
tests  is  their  interpretation.  Experience  in  bis  work  is  a 
fundamental  requirement.  The  writer  might  illustrate  by  a 
comparison  of  the  different  kinds  of  stone  found  in  Pennsyl- 
vania, which  vary  from  coarse  grained  sandstones  to  heavy- 
dense  trap  rock.  There  is  no  sand  in  many  parts  of  the 
state,  ami  it  has  been  necessary  to  prepare  sand  artificially 
by  grinding  coarse  and  fine  grained  studies  were 

which  pointed  to  Justification  in  using  artificial  sands 
and  in  using  good  sands  in  combination  with  relatively  poor 
aggregates,  these  results  having  been  reached  only  after  the 
construction  of  a   test  road   in   which   various   types  of   ma- 
were    used    in    combinali, in       Ti    t    specimens    were 
during    the  construction  of  the   road  and  compared 
with   specimens   taken   from   the   road   after   it   had   been   In 
e  for  a  period  of  six  month 

The  writer  has  dealt   with    In  pactions   made    preliminary 

to  surveys  and  during  the   preparation  of  plans.     All   these 

tlon      have  it    is.   to   have   the    plans 

as  nearly  perfect   and   practical         pa  Bible,   and   to   submit 

them  to  the  contractor  so  thai  be  may  have  full  information 

-  tie  the  roadway  and  ration,     Bach  contractor 
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,,i  [orm,  the  estimated  quantities  as 

in  be  determined  and  on  a  supplementary 

he  is  furnished  with  the  local  materials   which   might 

be  used  in   the  construction   work,  and   their  location,   with 

the  provision,  howev<  r,  thai   no  en  as  to  the 

ontinuatlon  ol  quantity  or  quality  ol 

d  iS  tound  thai  the  engineers  of  the  department   have  used 
judgment  In  the  preparation  ol  all  this  material,  but  11  is  also 

unamended  that  the  ■   ori    ba 

lng  liis  hids  on  local  materials,  should  analyze  the  location 
on  the  mound  and  examine  the  test  pits  and  the  ledges. 

The  final  Bold  inspection  also  furnishes  Information  on 
which  to  base  the  time  limit  on  the  contract.  A  5-mlle  con- 
tract has  been  built  by  an  efficient  contracting  organization, 
in  as  short  a  time  as  7"  days;  anothei  contractor  nol 
efficient  might  have  required  3  years  in  building  the  same 
projci  I  adeavored,  as  far  as  possible  bj    Inspection 

in  the  ork  out  a  conservative  time  limit  tor  everj 

cont; . 

Inspection  of  Business  of  Awarding  Contracts.  Only  the 
engineering    i  contract  work   has   been  considered   in 

all  the  inspection  details  mentioned.  Another  phase,  however, 
is  the  inspection  of  the  business  o£  awarding  contracts.  This 
has  been  accomplished  in  Pennsylvania  by  calling  to  Harris- 
burg  for  im  ich  contractor  who  has  been  a  low 
bidder.  At  this  interview  the  assistant  commissioner  of  the 
department  discusses  with  him  the  matter  of  equipment 
which  he  contemplates  using  on  the  work,  this  discussion 
premised  on  a  list  of  the  major  items  of  equipment 
.  has  been  carefully  prepared  by  the  engineers  - 
rtment.  This  list  is  prepared  on  the  basis  of  the  mini- 
mum amount  that  should  be  used  in  completing  the  work 
within  the  contract  time,  and  it  is  thoroughly  understood,  by 
a  gentlemen's  agreement,  that  the  equipment  finally  decided 
on  at  the  conference  will  be  used  on  the  work.  Furthermore, 
the  contractor  advises  whether  he  owns  the  equipment,  is 
going  to  buy  new  equipment,  or  is  going  to  rent  it.  Careful 
attention  is  given,  in  the  discussion,  to  the  method  of  handling 
the  work  and  as  to  the  contractor's  qualifications,  based  on 
previous  experience  in  handling  men,  and  as 'far  as  the  labor 
situation  is  concerned,  local  or  imported  labor  is  discussed, 
and  the  establishment  of  commissaries  is   considered. 

It  has  been  difficult  at  times,  during  the  past  three  years, 
to  have  materials  delivered  in  sufficient  quantities  and  with 
sufficient  regularity  to  handle  the  construction  work  econom- 
ically. Therefore,  the  assistant  commissioner  requires  the 
contractors,  during  the  discussion,  to  outline  a  fairly  definite 
program,  as  to  where  they  expect  to  purchase  materials,  so 
that  the  department  in  turn  from  its  previous  experience  can 
determine  whether  materials  will  be  forthcoming,  so  that 
the  contractor  will  experience  minimum  delays.  It  has  been 
found  that  this  procedure  is  warranted,  inasmuch  as  it  may 
result  in  speeding  up  the  work  and  in  reducing  the  hazard 
of  having  to  complete  one  season's  contract  during  the  fol- 
lowing season,  thus  causing  serious  financial  loss  to  the  con- 
tractor as  well  as  to  the  state,  inasmuch  as  the  new  road 
will  not  be  completed  over  the  winter  and  spring  months. 

In  order  that  contract  work  may  be  handled  promptly  and 
efficiently,  every  contractor  must  have  financial  resources 
and,  in  the  interview  with  the  assistant  commissioner,  he 
must  furnish  evidence  that  he  is  financially  able  to  handle 
the  work,  not  from  a  surety  point  of  view,  but  rather  from 
the  point  of  view  of  ready  cash  or  stocks  or  bonds  that  he 
can  use  to  raise  money,  or  lastly,  from  the  presentation  of 
letters  from  hanking  concerns  which  express  confidence  in 
his  ability  and  their  willingness  to  finance  him  in  an  amount 
equal  to  at  least  20  per  cent  of  the  cost  of  the  work. 
Following  the  usual  practice,  the  contractor  also  fur- 
nishes a  surety  bond  from  an  approved  surety  com- 
pany in  the  amount  of  50  per  cent  of  the  contract  cost. 
The  interview  with  the  assistant  commissioner  is  not  at  all 
one-sided,  inasmuch  as  he  endeavors  to  impress  on  the  con- 
tractors the  thought  that  100  per  cent  work  is  being  looked 
for  and  that  plans  and  specifications  are  prepared  to  be  fol- 
lowed, and,  further,  that,  in  order  to  obtain  a  100  per  cent 
job,  the  department  and  the  contractor  must  give  each  other 
100  per  cent  co-operation. 

The  inspection  of  materials  is  made  at  the  source  of  supply, 
in  order  to  protect  the  materialman  and  the  contractor,  but 
this  inspection  is  only  preliminary.  Inspection  is  also  made 
at  the  delivery  point  of  the  contract,  but  this  can  be  consid- 


ered onh  as  preliminary,  the  final  inspection  of  materials 
being  as  they  i;d  Into  the  work  II  is  endeavored  to  to  tei 
high  ideals  in  the  minds  of  the  men  by  proper  Instructions 
in  readable,  illustrated  form.  The  men  have  been  instructed 
at  headquarters   and   at    distrii 

the  universities  in  Pennsylvania  have  established  short 
courses  in  which  particular  emphasis  has  been  given  to  the 
tenets  ol   i  ont  rat  I    la  «    tnd     pecifli  ations. 

Cost  of  Surveys,  Plans  and  Inspection. — Questions  often 
have  been  raised  as  to  the  <o  I  ol  making  surveys,  preparing 
plans,  and  inspecting  contract  work,  anil  there  is  a  lack  of 
data  in  engineering  literature  on  costs  of  this  nature.  Take 
.  contracts,  which  were  available  and  on  which  tabu- 
lated  costs  have  been  completed;  these  jobs  include  those 
which  have  been  finished  rapidly  and  on  which  the  plans 
were  prepared  quickly,  as  well  as  those  which  were  studied 
for  two  or  throe  years,  and  on  which  the  contractu!  made 
progress,  due  to  weather  conditions,  the  non-delivery  of 
materials,  etc.  It  is  found  that  the  cost  of  these  25  contracts 
lias  averaged  $524  per  mile,  for  field  and  construction  sur- 
veys; $175  per  mile  for  the  preparation  of  plans;  and  $891 
per  mile  for  inspection  work;  the  total  cost  expressed  in  per- 
centage  oi  the  contract  pri<  e  being  2.96.  The  cost  of  inspec- 
tion and  tests  of  materials  has  averaged  about  one-fourth 
of  1  per  cent  of  the  contract  price  of  the  road.  In  other 
words,  the  engineering  costs  have  averaged  less  than  3*4 
per  cent  of  the  contract  price,  and  the  speaker  submits  that 
this  is  cheap  insurance  to  the  taxpayers  of  the  common- 
wealth, and  at  the  same  time,  furnishes  the  department 
definite  assurance  that  it  has  done  its  part  in  working  out  an 
efficient  and  economical  method  of  handling  contract   work. 


How  to  Pull  a  Tractor  Out  of  the  Mud 

The  following  tricks  of  the  trade  of  tractor  operation  are 
given  in  "The  Nose  Bag,"  a  publication  of  the  Allis  Chalmers 
Co  While  presented  primarily  for  farmers,  the  information 
is  equally  usable  by  contractors  under  similar  conditions. 

If  you  are  watching  carefully  the  land  you  are  working,  it 
is  often  possible  to  avoid  miring  down.  The  minute  you  feel 
your  tractor  sinking   you   must  disengage  the   clutch  to   keep 


the  drive  wheels  from  spinning,  and  unhitch  the  tractor  from 
the  implement.  Unless  the  spot  is  very  wet  and  soft  you 
can  run  across  it  without  trouble.  It  is  then  necessary 
to  have  a  chain,  cable  or  rope  sufficiently  long  to  allow  you 
to  hitch  the  tractor  to  the  implement  and  pull  it  through  the 
bad  spot.  This  method  works  well  because  the  tractor  wheels 
are  on  firm  ground  when  pulling  the  implement. 

The  most  common  method  to  use  when  the  tractor  is  mired 
down  is  to  take  old  boards,  planks,  posts,  or  in  fact  any 
available  material,  and  place  it  under  the  wheels  to  give  a 
better  footing  for  the  cleats  or  spuds.  If  one  will  use  this 
method  before  the  tractor  is  hopelessly  mired  it  is  often  most 
effective  and  will  help  one  fo  get  out  of  a  bad  place  in  a 
short  time. 

There  are  times,  however,  when  you  may  get  your  tractor 
mired  in  such  a  manner  that  the  methods  already  described 
will  not  be  successful.  When  this  is  the  case  you  will  save 
time  and  money  by  resorting  to  one  of  the  following  methods: 

Fig.  1  shows  a  quick  method  of  attaching  a  post  or  plank. 
Any  available  material  of  sufficient  strength  which  is  long 
enough  to  extend  5  or  6  in.  over  each  rim  may  be  attached 
to  the  wheel  with  a  piece  of  rope,  chain  or  wire.  One  piece 
is  attached  to  each  drive  wheel,  the  ends  of  the  material 
extending    over    the    rim,   will    usually    furnish    the    traction 
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■    the  tr.n  loi    ■ 

■ 

-ah     in 
will   hold    tl 

■    ■    • 

rope  from 

i     • 


Fig.  2. 

i  baa  traveled  tar  enoug  i  to  alio*  the 
ones  out  of  th.'  ground,  to  catch  on  the  draw  bar. 
id  shown  in  Pig.  8 

th-  traitor  is  badlj   mired.    First  shut  down  nun  motor  and 
then  shift   into  low   pear.     A  long  rope   i-  then   v.  ouml  around 
,.  r;il    times   and   I  *d,   ahead  of 

th.'  t:  ■   am  is  hitched  on 

team   pulling  on  the   rope   la   multiplied   main 

Ing  transmitted  to  the  drive  wheels  through  the 

thus    making   it    easy    work    for   a    team    to   pull  out   a 

•    which  is  very  badly  mind 

Fig.    I   shows   a   method   of   burying   a    post  or   "dead   man' 

,,!,..;„!  ..bed  to  this  "dead 

man"    and    brought    back    and    attached   to   each    drive    Wheel. 

Th.-  tra.tor   is   Hon  started  and  as   the  drive  wheels  revolve 

their  slipping,  thus  enabling  the  tractor  to 

pull  itself  out  of  the  hole. 

The  suggestions  outllni  pply   where  one  is  apt  to 


Fig.   4. 

nter  only  an  occasional  bit  i  ■  I   land.    When  the 

majority  of  the  1    I  I'jw    and  apt  to  be  soft 

it  is  bctt.r  to  plan   in  ■■. 
Osion  rims. 


Boulevard   and   Parks   Planned  for  Evanston.-   A   boulevard 
.•  planned  In  conjunction 
DBS]    p. irks    :■ 
boulevard  and  parks  an  i  general   civic   Improve- 

plan  now  under  way      Daniel   H    Hurnham  of   Chicago  is 
directing  the  worn. 
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Mechanical    Handling    of    Road     Building 
Material 

The    importance   of   t akinu    proper    care  lilding 

equipment    was   pointed   out    ;       Mi     R     M.   Gates,   chairman 

Material-    Handling    Division    ol    'lie     \niori< 

chanical  Engineers,  in  an  addn  -    at  'he  last  annual  meeting 
Ivania    Highway    I  We 

I 
111,'   building   of   hard    BUI  ■'  !l    :i " 

1       point 

your  product  is  to  be  di  liven 
moved  your  plant  to  the  loi  ition    you  are   (till  compelled  to 
shift    it    continuously,    as    the    material    is    delivered.     This 
method   is  the  most  trying,  and   Invites  greater  hazards  than 
.my   manufacturing   enterprise 

The  road-building  shop,  if  we  may  call  it  such,  is  peculiar 

in  that  it  has  its  machines  ami  operations,  also  storage,  along 

a  narrow  aisle  in  the  "factorj  Each  operation  Is  depend- 
ent upon  some  other  operation,  either  ahead  or  behind  it. 
The  si d  ami  quality  of  the   ivork   is  also  dependent   upon 

Hie  balancing  up  of  the  operatoi  and  operations.  The  per- 
sonnel -t  i  lie  jie,  control  tl  egress,  for  it  is  the  men 
that   man  the   tOOU    that  Ible   loi    the   work, 

plj      el'     ted   and    w  lieu   at   work   must 
he   supplied    wiih   proper  tool     and    material   to  make  the  de- 
w-ogress.    The   respon    ibility   tor  this  is   with   the  man- 
agement,  and  no  plai  e 

Some  gangs  with  inferior  tools  have  shown  marked  su- 
periority  in  workmanship  ami  i  OSl  of  construction  over  others 
with    highest    types   of   lino  lie,  I  lie    tools    are    a    big 

when   properly  used,  but   it's  tie-  organization  that   counts. 

To  me.  this  organization  contn       the     Ituation      It  will  use 
wisely   or   unwisely   the   tools   or   machines  furnished  it,  and 
-nil   i,i    the   job  3i  i    the  combined  efforts  of 

all.  Each  tool  will  do  certain  things  and  must  have  certain 
care.  If  it  be  neglected,  overloaded  or  abused  by  misuse,  the 
result  is  not  the  fault  of  the  machine,  but  of  the  organization 
and  the  management.  If  through  neglect  or  abuse  the  ma- 
chines tall  down,  they  ma\  be  a  greater  liability  than  a  profit. 
It  Hie  gang  is  not  competent  to  handle  machines,  it  should 
be  given   only  tools   that    it   can    profitably   work   with. 

All  manufacturers  design  and  build  machines  not  only  for 
the  work  they  are  supposed  to  do.  but  also  for  a  certain 
amount  of  neglect  and  abuse.  The  machines  are  not  perfect 
and  never  will  be.  hut  the  manufacturer  has  made  wonderful 
strides.  The  operators,  however,  have  not  kept  step  with 
him. 

Trained  Mechanics  Prevent  Loss.— The  tendency  has 
seemed  prevalent  to  employ  low  priced  men.  many  with  little 
experience,  to  do  the  actual  building  of  road.  With  the 
advent  of  the  more  complicated  specifications  the  manage- 
ment has  changed  to  a  much  higher  grade,  until  now  we  have 
some  of  our  ablest  engineers  ami  business  executives  in 
this  work.  Many  men  on  the  job,  however,  are  untrained 
and  of  very  poor  grade.  This  I  feel  is  where  the  greatest 
mistakes  are  made. 

Many  superintendents  and  foremen  refuse  to  recognize  the 
fact  that  the  limitations  of  tools  depend  upon  the  intelligence 
with  which  they  are  used,  the  vork  required  to  be  within 
their  power  and  that  the  proper  care  be  given  in  their  opera- 
tion, lubrication  and  adjustments. 

Today  there  are  a  number  of  contracts  that  do  not  have  a 
mechanic  on  the  job.    Many  In  are  and  adjustment 

to  a  man  whose  only  previous  experience  was  to  run  a 
•  diver."  Bearings  and  gears  break  because  concrete  Is  al- 
lowed to  collect  day  after  day;  grease  cups  are  broken  off 
and  the  hole  filled  with  cement.  Gentlemen,  it  is  a  wonder 
that   there  are  not  more  breakdowns  and  greater  losses. 

Cost  of  Breakdowns. —  Most  ol  Hie  delays  now,  an 
cording  to  highway  reports,  due  to  breakdown  of  machinery. 
According  to  General  Marshall  In  Washington,  the  average 
daily  loss  is  approximately  $500  per  job  on  which  operation 
is  stopped.  A  fair  share  of  these  delays.  I  feel  sure,  could 
be  avoided  If  the  mechanics  on  the  job  were  more  competent 
Most   manufacturing   plants   have   trained   men   to  operate 

machines    and    expert    i shanlcs    to    make    adjustments   and 

repairs.  But  in  VOUI  industry,  where  Hie  conditions  are 
many  times  more  severe,  you  have  poor  labor  as  a  rule  for 
your  operators,  and  often  a  ma  ter  mechanic  who  is  a  local 
"Darius."  whose  whole  experiem  e  has  been  with  a  hammer 
and  a  chisel,  and   who  has  fame  as  a  tlnkerer. 
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it  can't  be  done  at  a  profit  tf  you  are  going  to  limit  your 
organization  to  cheap  Incompetent  labor,  you  will  limit  your 
tools  ti>  thr  same  as  wore  used  20  to  30  years  ago.  Yes,  even 
worse,  fur  these  high-priced  material-handling  machines  will 
prove  a  lodestone  on  the  job. 

To  get  the  best  out  of  highly  developed  tools  is  to  put  men 
in  charge  of  them  that  foresee  breakdowns,  who  get  maxi- 
mum production  every  day.  if  you  do  this,  you  will  have 
handsome  returns,  ami  the  machines  will  surprise  you  with 
thr  way  they  will  work. 

M\  desire  here  is  to  make  an  earnest  plea  to  you  who  e 
work  is  almost  wholly  One  of  mat.  rial  handling  to  be  lair  In 
yourself  by  being  honest  with  the  machines.  If  you  are  not. 
yOU  will  have  to  pay    the  price,   to  the  tune  ol    SfiOil   per  day. 


Back  Sloping  with  Grader  and  Tractor 
Til.-  accompanying  pictures  show  an  unusuall]    interesting 

pi.c  ol  work  mi  a   Federal  Aid   Project  near  Sisseton,  s.  I). 

'I'h'    contractors  wire  Jahnig  &  Davis,  Britton,  s.  D.,  ami  the 

joli.    which    was    done    in    1921,    was    the    largest     in    the    state 
miles  long. 
All   tho   earth    was    hauled,   none   at    all    being   cast    in.      The 
illustrations   show    a    12-ft.   blade   Adams   grader   hauled   bj    an 


Two    Views    of    Slope    Work    with    Grader    and    Tractor. 

aVvery  tractor.  The  contractor  found  this  method  of  back 
sloping  and  sloping  the  sides  of  their  hills  to  be  a  great  deal 
cheaper  than  any  other.  The  method  produced  even  slopes 
and  well  defined  shoulder  lines,  upon  which  the  State  High- 
way Commission  was  very  insistent. 


A  Truck  Turntable  of  Improved  Design 

important    improvements    mark    the    Blaw-Knox    turntable 

illustrated  herewith.  The  machine  is  notable  for  its  com 
pactness.  as  it  occupies  a  space  only  8  ft.  wide,  and  as  show  o 
in  the  illustration  is  made  so  as  to  swing  over  a  road  form. 
This  means  that  out-going  trucks  have  free   waj    to  pass  the 


turntable  at   all   times  ami   that    the   forms   remain   In 
regardless  of  turntable  operation 

The   turntable   is   mounted   on   skids    which    permit    ol    it 
movement   from  place  to  place   without    damage  to  the  sub- 
grade       Ordinarilj    it    would    be    pulled    into    position    bj    an 
emptj    truck.     The  machine   is   intended   tor  the  handling   ol 

trucks  up  to  .".  tons  capacity        It    can   lie  op.  i   tted    bj    one   man 

when  carrying  a  .".ton  truck  loaded  with  i  yd  ol  material 
This  ease  ,,t  operation  is  largelj  due  to  the  tact  that  rotation 
is  had  upon  a  circular  track  with  roller  bearings.    The  design 

is   both    Strong   and   simple. 


An  Enlarged  and  Improved   Bucket  Loader 

The   machine   shown    below,    while   not    differing    radically 
from  its  predecessors,  is  marked  by  several  features   which 
are  distinct  advani  es  in  the  art  ol  mechanical  loadei   i 
ami  construction.    The  capacity  has  been  increased  from   i\ 
io  i-a  cu   yd    per  minute.    The  crawlers  are  increased  both  in 


Blaw-Knox   Turntable   Overhanging    a    Road    For 


Enlarged    Barber-Greene    Loader. 
length  and   in  breadth.     There  is  an   improved   arrangement 
tor  controlling  the  feed  discs;   and  the  standard  Cotta  truck 
transmission   has   been   introduced,    giving    three    speeds   for- 
ward and  one  reverse. 

The  machine  is  manufactured  by  Barber-Greene  Co.  of 
Aurora,  111.,  and  is  strictly  a  one-man  unit.  The  discharge 
height  is  9  ft.  6  in.  A  hopper  of  variable  capacity  up  to  21 
cu.  ft.  is  provided  if  desired.  On  standard  equipment,  the 
swivel  spout  is  arranged  to  turn  from  the  operator's  platform. 

An  English  Automatic  Dump  Cart  of  Two 
Yards'   Capacity 

|The  following  article  and  its  accompanying  illustrations 
are  taken  from  the  April  21  issue  of  "Engineering,"  London. 
We  call  especial  attention  to  the  tailboard  operation— the 
hoard  being  shown  in  its  raised  or  open  position  in  the  half- 
tone, and  closed  in  the  drawing. — Editor  Engineering  and 
Contracting.] 

The  automatic  tip-cart  illustrated  in  the  accompanying  fig- 
ures is  intended  for  use  behind  tractors,  and  will  carry  out 
all  the  work  usually  done  by  the  ordinary  farm  cart.  It  will 
go  anywhere  that  a  cart  will  go,  but  carries  a  larger  load. 
having  a  capacity  of  2  cu.  yd.,  and  in  virtue  of  its  method 
of  haulage,  of  course,  travels  more  quickly.  The  (art  should 
be  of  value  for  any  of  the  purposes  for  which  a  farm  cart 
is  used,  such  as  collecting  roots,  carting  manure,  etc..  while 
it  is  clearly  also  applicable  for  any  of  the  work  for  which 
horse-drawn  tip-carts  are  used  by  contractors.  The  cart  is 
attached  to  the  trailer  by  two  short  shafts,  and  runs  on  caster 
wheels  so  that  it  closely  follows  the  track  of  the  tractor  haul- 
ing it,  and  is  readily  maneuvered  into  awkward  positions. 

The  tipping  is  carried  out  by  braking  the  tip-cart  wheels 
and  reversing  the  tractor.  The  cart  castor  wheels,  as  will  be 
seen  from  the  figures,  are  carried  on  a  bridle  pivoted  fairly 
high  up  on  the  cart  body,  and  the  result  of  applying  the 
brakes  to  these  wheels  and  reversing  is  that,  instead  of  the 
wheels  moving  on  the  road,  the  body  swings  over  them  on 
the   bridle    until    it    reaches    the    tipping    position    shown    in 
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skimmer  work,  and  are  not   used  when  the  machine  is  so 
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Fig.    1. 

■  ■•  or  other  obstruction  on  the  road.    Tins  might 
II  in  tip,  and  to  prevent  this  a  catch  Is 
holds   it    in    Its    traveling    position    until   tipping    is    flj 
This  catch  can  be  < 

ing  his  seat.  The  same  thing  applies  to  the  cart  brakes,  and 
it  will  he  clear  that  the  combination  i-  .1  one-man  appliance. 
The  tipping  and  recover;  of  the  cart  ar<  dun''  by  the  driver 
without  leaving  bis 

It    will    be  clear   from    the    illustrations    that    the   tailboard 
Is  automatically  raised  when  it  ti|is.    The  move- 
ment  is   carried   out    by   the   interaction   of   two   toothed   seg- 

•    member  in  each  case 
being  carried   by  the  castor  arm  and  the  other  by  the  arm 
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three  main  drums,  each  on  a  separate  shaft,  and  the  oper- 
ating levers  are  placed  in  front  in  such  a  position  that  the 
lew  01  the  work  at  all  times.  It  is 
mounted  either  on  broad  tractor  wheels  or  on  crawling  trac- 
tion trucks.     The  engine  is  4-cycle,  40-h.p.,  of  the  heavy  duty 
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carrying  the  tailboard      As  the  bodj  !.   to  traveling 

tored  to 
the   cart       I  this   tailboard 

arran.  1   I   8      The  cat  t    may   be 

release  1    by  taking  i>in.  and,  if 

may  be   used   with  one  tractor,  so 
that  tin   tractor  b  ration, 

If  this  arrai  dopted   loading   stands  are  required 

:  ug     Such  Btands 
West 
Ki-nt  Work  .  1. id  .  ol  Westerham,  Kent. 


Skimmer  Scoop   at   Work, 
gasoline  type,  with  fan-cooled  radiator.     Electric  power  may 
be  substituted  if  desired. 


Le  Roi  Power  Unit  with  Smith  Mixer 

The  accompanying  illustration  shows  a  No.  14-S.  T.  L. 
Smith  Co.,  non-tilting  mixer  equipped  with  a  Le  Roi  power 
unit.     This  unit   is   now   ntted   to  both   lilting  and  non-tilting 


A^One-Man   Machine  for  Many  Uses 
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mixers  mad.'  by  tin-  Smith  Co.  It  consists  of  a  tour-cylinder 
engine  with  radiator,  magneto,  carburetor,  governor,  fan  and 
fan  belt,  fuel  tank,  air  cleaner  and  an  automotive  type  clutch. 
The  weigh)  la  860  lbs.  The  unit  is  marked  by  a  very  smooth 
deliver]   ol   power;   and  because  of  it  Ive  type  may 

be  operated  by  anyone  familiar  with  truck  or  tractor  engines. 


AjjTrowelling  Machine  for  Road   Surfaces 

A  genuine  trowelled  finish,  at  once  much  cheaper  and  of 
better  quality  than  hand  work,  is  produced  by  a  mechanical 
troweller  recently  brought  out  by  the  Austin  Machinery  Corp. 
for  use  with  its  concrete  tamper. 

The  trowel  carriage,  accurately  made  and  fitting  the  ad- 
justable profile  bar.  a  templet  of  the  exact  crown  of  the 
road  required,  travels  across  the  road  with  a  razor-stropping 


matically,  ami  tie  absence  of  a  dead  stop  makes  it  safe,  even 
for  careless  dri\  era. 

The  total  weight  of  the  Champion  turntable  is  6%  tons;  its 
width  is  9  ft.  and  the  swinging  circle  is  17  ft.  10  in.  in  diam- 
eter. The  grade  of  the  approaches  is  approximately  30  per 
cent,  a  slope  which  has  been  worked  out  as  most  suitable  by 
careful  tests  with  heavily  loaded  trucks.  A  turn  of  180  deg. 
is  made  in  from  15  to  20  seconds. 

Among  features  to  which  especial  attention  is  called  is 
the  very  rigid  base  which  makes  operation  completely  inde- 
pendent of  all  surface  irregularities  of  the  road.  It  is  built 
very  solidly,  and  is  claimed  to  possess  many  seasons'  wear. 

For  moving  short  distances  the  table  is  provided  with  a  set 
of  transfer  rollers  on  which  it  is  raised  automatically  with 
the  assistance  of  a  truck.  For  long  distance  moving  it  is  set 
on  wheels  which  are  supplied  v.  it!;  thi  md  is  hauled 


Austin    Troweller — Close-Up    and    In    Use    With    Tamper. 

motion,  at  speed  greater  than  that  of  hand  trowelling.  Two 
steel  adjustable  plows,  one  on  each  side  of  the  24-inch  trowel 
proper,  press  down  and  work  the  surplus  material.  Con- 
trolled by  two  levers,  a  vertical  lift  is  provided  for  the 
profile  bar,  and  the  stroke  is  made  adjustable,  so  that  it 
is  possible  either  to  trowel  the  full  width  of  the  road  or 
work  at  any  particular  spot.  At  the  back  of  the  carriage 
is  a  mechanism  which  slightly  tilts  the  trowel  up  in  the 
direction   of   travel. 

The  troweller  also  provides  a  means  for  resurfacing  any 
spots  that  may  from  any  cause  be  disturbed  by  lack  of  suf- 
ficient concrete,  footprints  or  foreign  material. 


Turntable    Being    Moved    to  Another  Job. 

as  a  trailer.     The  second  picture  shows  it  traveling  a  rough 
road. 


A  Turntable  on  New  Lines 

A  table  which  satisfactorily  and  speedily  turns  trucks  of 
any  weight  up  to  the  heaviest,  under  full  load,  is  shown  in 
the  illustrations  below.  This  unit,  known  as  the  "Champion 
Automatic  Truck  Turntable,"  is  manufactured  by  the  Cham- 
pion Engineering  Co.  of  Kenton,  O.,  and  it  presents  a  radical 
development  in  turntable  design  for  heavy  use. 

The  general  character  of  the  turntable  is  shown  in  the  first 
picture.     Its    driving   mechanism    is   simple,   consisting   of   a 


Combined  Digging,  Screening  and  Loading 
Machine 

The  accompanying  picture  taken  at  the  sand  pit  of  the 
Essex  Fells  Co.  of  Essex  Fells.  X.  J.,  shows  in  operation  a 
path  digging  wagon  loader  made  by  the  George  Haiss  Man- 
ufacturing Co.  of  New  York.  About  two  years  ago  the  Essex 
Fells  Co.  installed  a  Haiss  wheel  type  loader  which  handled 
about  200  cu.  yd.  per  day.  In  the  year  following  they  sup- 
plemented the  original  machine  with  the  one  shown  here- 
with, which  handles  about  250  cu.  yd.  daily.  Each  machine  is 
operated  by  one  man,  and  the  cost  with  the  larger  one  is 
about  9  cents  per  cubic  yard. 

The  pit  has  a  face  approximately  40  ft.  high,  and  the  con- 
sistency  of   the   material   is   75   per   cent   sand,    20   per  cent 


Champion    Turntable    In    Operation. 

set  of  gears  connected  to  rollers  on  which  the  truck  driving 
wheels  act  as  a  friction  drive.  The  maximum  wheel  base 
which  can  be  accommodated  is  166  in.,  or  11  in.  more  than 


Haiss   Path-Digging   Wagon    Loader  at   Work. 

gravel  that  will  pass  through  a  3-in.  ring,  and   the  balance 
larger  stones  and  boulders,  some  being  12  in.  stones.     The 


most  wheel  bases  encountered.     The  table  locks  itself  auto-      caterpillar  machine  requires  no  planking  oi  the  ground. 
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Compact    Industrial    Locomotive 
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Atlas   Type    G    Gasoline    Locomotive. 
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lobs.      The    p  il  an   i onl 

Self-Sinking    Pill    foi    fi   indation   and    bridge  consti 
Road    Building    Machinery     Catalog  D      Edwards 

i  i    Illustrated     i 

ii.     .I    road    mach plows, 

i  Hers. 

Permanent    Construction — "Buill    to    I  of   a 

remarkably    I  ired    by    Phillip    Koehrlng, 

,i.,i   in   color  by   Win     Mai  i   published   recently 

■  ompany,   Milwaukee,    Wis.     On   facing   pages   it 

contains    pictures    and    shorl     .. 

nee       w  hili  is  to   ad\  er- 

■  l  ,,f  Koi  bring   equipment,   it   le 

'its    of 

shown.     Th  eight   or  ten  comparisons 

nd  modern,    together   with  other   items   ,,f   In- 

Self-Loadlng  Scrapers     C 

and  Illustrates  a  line 
uch    useful    Informal 
lhis  sub 

Road  Rollers — "Gallon    Roi  rotor  and  Steal 

!  Works,  i 

lustral  The 

al    Interest 

Portable   Conveyors—  .Portable  Scoop   Conveyoi 
tors'  Type  is  the  subject  of  istrated 

v    .1. 
Excavating    Equn"  x      Jusl     publl 

I    illus- 

i  ■.,  .i\  ators    i.l     1 


and   fj  pes  Includh      full 

•     bucki  i.    hi 
PI 


i ii ■_■  lms  shovels,  draglln 
with   this   machine, 
.1   such   ai 


Industrial   Notes 

Spafford    Co.    i 


and   high 
It    \\    ■■■•ii 
In,    by    Louis    Amundson    and    Edward   Spafford 
The     Bucyrus     Company.     South      Milwaukee.     Wisconsin,     have 

to   both 
ind    Evansvllle,    In- 

•|-|,.  lanned    t..    tnl  ■ 

to   i  nabh     ' 
■  ally      in   the   s, .nth   Mil 
n   ma 

in   th,-    plant    at    i 
mall 

handle   Iti    rapldl 


s    the 
s    the 

high- 

>  pillB) 
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An  Unjust  Condemnation  of  a  Public 

Utility  Commission  for  Raising 

Water  Rates 

A  good  many  editors  of  daily  papers  are  prone  to  criticize 
any  increase  in  rates  granted  to  water  works  and  other 
utility  companies,  especially  at  this  time.  Their  arguments 
against  increasing  such  rates  are  usually  two:  Hi  Costs  of 
living  and  other  costs  have  been  declining,  hence  it  is  incon- 
gruous to  increase  public  utility  rates;  u'i  Private  corpora- 
tions are  not  guaranteed  6  or  8  per  cent  on  their  investment, 
hence  it  is  incongruous  to  give  such  a  guarantee  to  public 
utility  companies.  Exemplifying  this  latter  argument,  we 
quote  from  the  Bellingham  (Wash.)  American 

"Now  in  the  state  of  Washington  there  are  a  lot  of  street 
railway,  gas,  water  and  electric  properties,  all  built  before 
the  war,  many  of  which  have  been  notoriously  overcapital- 
ized, looted  and  mismanaged.  The  men  in  charge  of  these 
pay  small  attention  to  business — much  to  polities.  You  do 
not  hear  of  any  of  these  companies  talking  of  their  last  year's 
losses— for  they  had  none.  In  this  state  a  kindly  department 
of  public  works  finds  investments  in  public  utility  corpora- 
tions sacred,  and  forces  our  citizens  to  pay  these  corporations 
a  guaranteed  income  on  their  investments  of  from  6  per  cent 
to  8  per  cent  per  annum.  Only  yesterday  the  department 
issued  an  order  which  makes  the  citizens  of  Mt.  Vernon  pay 
sufficiently  high  water  rates  to  permit  the  company  to  declare 
8  per  cent  dividends.  Many  a  business  man  in  this  city, 
struggling  along  to  make  both  ends  meet,  must  look  longingly 
"at  the  kind  of  business  which  makes  the  people  insure  them 
an  income  on  their  investment." 

Without  doubt,  the  editor  who  wrote  this  criticism  believes 
that  his  statements  are  true.  Accordingly,  we  suggest  to  him, 
and  to  other  editors  who  believe  similarly,  that  a  letter  be 
addressed  to  the  leading  merchants  and  manufacturers  in 
their  city,  along  the  following  lines: 

(1 


Bear  Sir:  The  public  service  commission  of  this  state 
endeavors  to  fix  rates  for  public  utilities  so  as  to  yield  them 
8  per  cent  net  on  the  money  actually  invested  in  the  plant, 
thus  aiming  to  prevent  their  earning  more  than  8  per  cent  in 
good  times  on  less  than  S  per  cent  in  bad  times.  Will  you  be 
sn  kind  as  to  tell  me  whether  you  favor  having  your  business 
regulated  by  the  state  in  a  similar  manner? 

Yours  truly, 


Editor. 

We  venture  to  predict  I  hat  not  one  merchant  or  manufac- 
turer in  a  hundred  will,  in  answer  to  such  a  letter,  express 
a  desire  to  be  thus  regulated  by  a  public  service  commission, 
even  though  his  return  on  his  investment  were  guaranteed 
to  average  8  per  cent.  We  go  further,  and  predict  that  the 
owner  of  the  Bellingham  American  would  not  vote  for  such 
regulation  of  his  advertising  rates  as  to  limit  him  to  8  per 
cent  on  the  actual  cost  of  his  plant. 

The  editorial  article  above  quoted  says:  "You  do  not  hear 
of  these  (public  utility)  companies  talking  of  their  last  year's 
losses,  for  they  had  none."  Perhaps  not,  but  you  do  hear 
most  of  them  talking  of  last  year's  deficits  below  8  per  cent 
on  their  investments.  Lucky  indeed  has  that  public  utility 
company  been  whose  true  net  earnings  have  averaged  8  per 
cent  during  the  past  six  years;  that  is,  during  the  period 
when  most  private  companies  have  averaged  more  than  8 
per  cent. 

Although  public  utility  commissions  usually  aim  to  give 
utility  companies  a  return  of  about  8  per  cent  on  actual  in- 
vestments in  plants,  it  is  a  well  known  fact  that  the  average 
net  earnings  of  utility  companies  are  less  than  8  per  cent. 
That  this  is  so  may  be  ascertained  by  any  editor  who  will 
take  the  trouble  to  send  a  reporter  to  the  office  of  the  state 
public  utility  commission  to  examine  the  records  on  file  there. 
Why  is  it.  then,  that  so  many  editors  draw  upon  rumor  for 
their  statements  of  alleged  facts,  when  the  facts  are  so  easily 
ascertained? 

We  recall  that  certain  daily  papers  in  Seattle  a  few  years 
19) 
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oud  in  their  cry  for  mun  ownership  ol    the 
I  eep   dow  d 
.ir  fares  and  prereal  "ea  tocrati     (rom  reap- 
ing .-mil  ri<  u  profits  from  Seal  'J   •"■''  those 

•  •iiitori;il    voices   SO   Ml.  nt   cm    •  proflts    now      now 

that  Seattle  has  owned  the  sti 

They  pipe  another  turn  too  painful, 
in  \i.«  of  the  Seattle  munielp  ti  The  truth 
is  that  tiw  Seattle  ratlwaj  system  never  did  yield  even  B  per 
d  the  actual  cost  o(  th<  i  "">  compe- 
tition and  other  conditions  brought  the  net  earnings  much 
below  that  But  Seattli  ■  o  busy  to  gel  the 
tainable  facts  for  thi  i  :  ;  drew  upon 
their  imagination  for  the  facts,  with  .1  n  mil  thai  they  must 
now    i-  . 

One  Reason  Why  Most  Civil  Engineers 
Draw   Small   Salaries 

:  loj es   blame  theli  tor  failure  to  pay 

th.  in   adequately.    Civil  engine  irtlcularlj    given   to 

tin-  -"ii   mplalning.    Havlni    Bpenl    tour  years   in  high 

..in!  lour  years  In  an  ei  learning  the 

the  average  cfl  ■  sed  because 

Ins  galar)   is  low. 

It  has  1 n  "oil  said  that  a  colli  gi    diploma  is  not  a  bond 

from  which  it-  possessor  can  clip  coupons.  Rather  it  is — or 
should  be  an  aniioun.i-m.nl  that  its  recipient  lias  worked 
intellectually    for    four   years,    ami    Is    therefore    eligible    to 

in    similar    .-.       ■  i     what     per- 

ogineering  graduates  thus  regard  their  diplo 

Judging   by   ill.'   number  that   subscribe   Cor   more   than    one 

engineering  periodical  and  buj   many  1 ;>s.  the  percentage 

glneers    who  study   much  duation    is   pitifully 

small 

■  ni   ol   the  total   mi  '  • 

S...  i.iy    of   Civil    Enginei  rs    subs.  1  ineering   and 

Contracting 

Eighteen  years  ago  when  the  writer  was  on  the  editorial 
•    Engineering    News   he    leaned    with    amazement    thai 

only  11  per  cent  ol  the  members  ol   that   great     ty  sub- 

ring  N  ["hi  was  at  that  time 

old,  and  was  the  leading  civil  engineering  periodical 

in  point  "i  circuit  :  alj   one  out   ol   everj    seven  of 

ding   civil    engineers    m   America    subscribed    for    the 

leading  civil  engineering  p 

This  was  an  eye  expander,  and  in.  ditor  has  not 

to  this  day   I n  aid.-  to  reconcile  such   facts   with  his  belief 

in   tiie    worthwhlleness    of   an    engineering    education.     How 
aen      I "  ba  1 1    been  taught  to  study 
ad  at         formative  period  of  life, 
almost    ceasi     reading    engineering    literature    shortly    after 
graduation?    Doubtless  there  are  man]    reasons,    One  of  the 
most  cm. m..n  reasone   given  by   practicing  engineers  is:    "I 
am   too   busy    to   read."     Well,    maybe    that's    one    reason    why 
you  are  paid  so  low    a  salary.    Your  employer  may  not  be  so 
as  you  think  he  is.    Wi  that  your  library 

i«  meager,  and  that  you  are  seldom  seen  digging  out  informa- 
tion from  engin  ering  periodicals,  perhaps  he  says  to  himself: 
This  man  is  a  dead  one.  in  spite  of  his  college  education." 

Ii   i-  not.  win  1  ir.   thai   the  man  who  repeatedly  goes  to  his 
employer  with  new  plans  for  redu<  usually  comes  to 

be  highly  regarded  and  well  paid,  provided   the  plans  prove 
efficacious.    It  Is  also  noteworthy  that  the  in- n  most   prolific 
in   new   economic    plans   arc.   usually   great    readers.     Heading 
a  produce  originality,  bi  irnlsh  most  of  the 

elementary  Ideas  out  of  which  new   combinations  or  adapta- 

Bearing     ipon    tin-    Bubjecl    we    quote    Frank    K.    Walter, 

librarian   of  the-  General   hlotoi  on: 

"The  need  of  hooks  for  men  in  industry  is  more  acute  now 

'  hi  ■  b<  r  it  be  in  n  Hie  factor] .  the 

utlve  office,  a  knowledge  of  tin-  best  method    of 

producing  more-  goods  of  bettei  Only 

In  this  way  can  the  ruing  level  of  prices  be  mel   ami  the 

high  cost  of  living  be  mitigated.    More  than  ever  before,  the 

e  d  by  •  ach.  1 1  er  ol  t  Ime, 

''        hort  of  criminal  under  p 

ocational  help  through  the  librarj   Is  not  only 

permi  D)   ol  the  war  activities  in 

which  the  librarj  played  so  prominent  a  part. 

(1 


"Industrial    ci  naliziug    the    need    of    such 

service  and  are  liberally  backing  their  own  special  libraries, 

The  man  who  reads  the  technical  book  or  the  trade  paper 
instead  of  resting  content  with  what  hi'  learns  from  actual 
-hop  practice-,  is  developing  the  Initiative  and  individuality 
which  have  been  th.-  chlel  a      I    ol    American  Industry." 

It  is  our  beliel  that  one   reason   why  the  average  technical 
graduate  i-  nol  much  ol  ■<  Btudenl  of  technical  literature  is 

"'in. I   in   Hi.    (act   1I1. 11    111     was   ii"l    11. 1 1  at   scdiool  and 

college  to  seek  for  usable  Information  in  technical  periodicals. 
I'm  th.-  mo-t  part,  his  formal  edui  iiiou  consisted  in  solving 
Bel  mathematical  problem  In  performing  set  laboratory 
experiments,  in  liBtenlni    ti     el  lectures,  and  in  reading  fact 

collected    in    book   authoi      fi technical   periodicals.    Only 

ic.  a  verj  Blight  degree  ha    hi   : equlred  to  collect,  analyze 

mil  applj   en. n. nun    1.1,  1  iered  from  such  periodicals  by 

his  own  effort    11.  in  1  lates  unhabltuated  to  do  the 

very  thing  that  would  be  the  most  valuable  to  ins  employers, 
and  therefore  to  1 II  ely,  to  search  for  and  applj  the 

best    economic    ni.tlii.il  i..        ip     the     Climax     ol     erroneous 

teaching,  he  is  usually   given   to  understand  that   he  should 

not   attempt   t ast.i-  details,  but  should  confine  his  stud> 

mainly  to  general  prim  [pie      He  is  falsely  led  to  believe  that 

he   should    nol    exorcise    :, mory.   but   only    his   ■'thinking 

powers";  when,  as  a  mail"  of  fact,  the  entire  process  of 
thinking  is  nothing  loss  than  a   process  of  memory. 


Construction  Work  Booming 

The  following  weekly  summary  was  written  by  the  editor 
of  Engineering  and  Contracting  tor  the  Chicago  Journal  of 
Commerce: 

Construction  in  the  civil  engineering  field  is  reaching  record 
proportions.    This  was  foreseen  five  months  ago  by  student 
of  the  subject,  for  in   the   lasl    half  of   l'.i21   more  than  $100.- 
iiuO, IKK)   of    public    work                                sold    by    cities.   COUntlC 
and    states,    as    compared     with    $420. i.imhi    for    each    ol    th 

corresponding  half  yean  of  1919  and  1920,  in  the  first  quart 

of  1H22  the  public  works  bond  Bales  were  1320, >.000,  whic 

was  50  per  cent  in  excess  ol   the  sale  in  each  of  the  corr 
sponding  quarters  of  1919  and  1920. 

Prior   to   the    World    War.   the   sab  s   ol    public-   works    bond 

averaged  about  -ii r  thi    Si    I  quarter  of  each  yea 

'  On    'in' I "w    i"   I      about    To    per   cent    more    than    pri( 

to  the  war.  so  that   When   reduced   to   prewar  prices,   the  sale* 
of  public-  works   bonds   in   tin-   fir:  t   (|liartei    of    I'.IL"J   would    build 
almost  twice-  as  nine  h  paving,  roads,  sewers,  waterwork 
as  in  tin-  corresponding  pre  «nr  periods. 

Excluding   buildings,  the   public    works   contracts   awarded 

in  the  in  t  three  months  ol  1922  totaled  $140, ,000;  and  the 

total    in  tie-   succeeding   two   months    (April   and    May)    was 

I   the     I'  in-      In  other  word       $280, 10  ol   public  works 

contracts,  exclusive-  of  buildings,  bave  been  awarded  In  the 
fir  t  five  months  of  1922. 


Water  on  Tap  for  Farm  Houses 

Farm  homes  are  rapidlj  coming  to  have  all  the  conven- 
iences oi  citj  homes.  \n  abundant  supply  of  pure  water 
always  on  tap  in  thi  perhaps  the  next  great  step  to     I 

be  taken  by  farmers  In  theii    march  toward  city  comforts  in 
ountry. 

Last  summer  thi  Agriculture  of  the  University 

ini  started  a  tiniuue  educational  campaign.  Demon- 
strating trucks  wi  round  to  teach  farmers  the 
advantages  to  be  secured  by  installing  small  water  works 
plants.  Gasoline  driven  pumps  were  exhibited  and  farmers 
were  shown  how  simple-  and  relatively  Inexpensive  is  a  small 
water  works  for  supplying  water  by  power  to  the  house  and 
barn.  Special  stress  was  put  upon  the  boon  of  "water  on 
tap"  for  fanners'  wives.  No  more  hack-breaking  rocking  of 
pump  handles,  and  still  more  injurious,  carrying  of  heavy 
pails  of  water. 

With  a  system  of  power  pumping  there  would  naturally  go 
modern  sewage  disposal.  Perhaps  this  last  benefit  should 
be  emphasized  more  than  all  the  rest,  for  farms  are  notori- 
ously unsanitary.  Even  where  the  privy  does  not  drain  into 
tin-  well,  Hies  carry  bacteria  from  the  privj  to  the  food  in 
the  kitchen  and  dining  room.  But  with  power  pumping 
there  will  come  modern  hath  and  toilet  rooms  and  septic 
tanks  for  sewage  treatment  With  these  will  come  great  relief 
from  typhoid  and  other  intestinal  scourges. 
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Building  contracts  normally  total  about  four  times  as  much  suits  are  obtained  by  quoting  Are  Insurance  rates  before  and 

as  public  works  contracts;  but  in  the  last  Bve  months  build-  after  Installation  ol  a  water  system,  than  by  mere  reference 

in;;  contracts  have  far  exceeded  this  ratio,  due  to  the  unex-  in   general    terms   to    public   health    benefits.      By    the    same 

ampled  boom  In  residence  and  apartment  house  construction.  process  of  appealing  to  the  individual's  pocketbook  instead  of 

So,  even  after  making  proper  allowance  for  the  higher  con-  to  his  heart,  it   is  usually  wise  to  keep  the  total  cost   "i   a 

struction  costs,   there  is  now   under  way   and   projected   more  project  in  the  background,  while  emphasizing  the  low  annual 

construction  ol  public   works  and  buildings  than  evei   before  cost  to  individual  property  holders. 

in  our  history,    Railway  construction   (both  steam  and  eloe-  The  plan  of  financing  advocated   tor  both   water  and  sevi 

in,  i    iv    v.iv    light,   and    will    remain    so   until    rate    regulating  crape  systems  need  not   he  gone  into  in  detail  her,-.      | 

bodies  treat  public  utility  companies  much  more  liberally.  •  ral    principles   are    as    follows: 

Public  and   private  benefits  are   separately    considered      The 

HOW    a     State     Bureau     Promotes     the  Payments  of  fixed  and  operating  charges  are  kept  ^tinct. 

■  »wn     *»     >*«•»•«  The  annuai  C0S{  (11  tiit-  bond  is  ue  tor  constructing  both  svs- 

Installation     Of     WaterWOrKS  tems   is   met    by   a   combination   of   property   tax.   annual    front- 

n]  tool  assessment,  and  bouse  connection  charges;   the  cost  of 

and     oeWerage    r  lantS  maintenance  of  both,  by  meter  service  and   water   consump- 

The  Bureau  of  Sanitary  Engineering  of  the  Maryland  State  li'*11  ratea'     Tnese   vali,;""  charges  are   distributed   in   such 

manner  that  the  exi  ease   falling   upon   anv  individual,   public 

Department  of  Health  has  three  functii                   Hon,  inves-  Qr    prtv\U>,   is   as    nearly   as    possible    proportionate    to    the 

ligation   and    development.      The   last    mentioned    has    for    its  benefits   which  he   derives. 

the   installation   and  extension  of  public   water  sup-  It  has   no  doubt   already   been  made  evident  that  the   pro- 
ply  and   sewer  Bystems.     This  activity  is  considered  of  suffi-  sram   of  development   here   outlined   is   a   conscious   one   and 

.,      .u  _„<>„..    „    . ;„-    ,11, ■,•..;.,„    „f  is  the  result  of  previous  planning.     It  is  not  intermittent,  but 

cient      mportance    to    provide    theretor    a    major    division    ol  *        ,.,„,,....                 r, 

continuous  and  selective.     Towns  for  intensive  attention  are 

the   bureau.      How    this    development    work    is    handled    was  carofully  chosen,  on  the  basis  of  population,  sanitary  needs, 

described   by   Robert    B.   More.   Chief   Engineer   of   the   Suite  and  financial  status.     Close  study  of  each  case  from  various 

Department    of    Health   in   a   paper   presented    at   the    Boston  viewpoints  is  carried  out.     The  process  of  development    is  a 

Conference    of    State    Sanitary    Engineers,    from    which    the  deliberate   one   in    which    field   and    office    studies   and    public 

presentation    and    discussion    alternate    and    mingle.      By    de- 
matter   following   i*  taken.  voting  a  separate  division's  activities  to  such  work,  assurance 

The  division  has  an  educational  object  in  the  large  sense.  is  had  that  the  campajgns  are  well  thought  out  and  succes- 

It  aims  to  promote,   for  individual  towns  or  combinations  of  sive  and    in  thjs  manner.  discontinuous,  haphazard  excursions 

communities,  the  use  of  adequate  water  and   sewer  systems.  wjth  general  facts  are  avoided.     Special   knowledge  of  each 

It  accomplishes   this   result   by   a   variety  of   methods,   which  iocal  problem  is  acquired  before  and  during  each   campaign 

include   the    preparation    of   preliminary   plans,   of   cost    esti-  The  method  of  attack  in  this  way  acquires  at  least  a  scientific 

mates,  of  methods  of  financing,  and  the  presentation  of  these  aspect  and  the  work  should  bear  fruitful  results. 

and  other  pertinent  data  to  the  communities  concerned.     The  

preparation    of    preliminary    plans    was    found    essential,    in 

order  to  be  able  to  present  an  intelligent  case  to  the  people.  Conventions  of  American  Water  Works  As- 

to  picture  to  them  the  location  of  lines,  to  demonstrate  prac-  .                         ,  ...             ...      .       _ 

ticability.  and  to  prepare  a  fairly  accurate  cost  estimate.     By  SOCiatlOn  and   Water  Works  ManU- 

performing  the  above  function,  the  bureau  aids  the  popular  facturers'  Association  in  May 
mind  in  vizualizing  the  concrete  system.     It  becomes  easier 

then  to  have  the  town  engage  the  private  engineer  to  pre-  The  1922  convention  of  the  American  Waterworks  Associa- 
pare  complete  plans  and  to  obtain  necessary  bond  issues.  tion-  ann*  the  exhibition  and  meeting  of  the  Waterworks  Man- 
Bj  stimulating,  in  the  above  manner,  the  installation  of  sys-  ufacturers'  Association,  held  at  the  Hotel  Bellevue-Stratford, 
tems  in  many  towns  that  would  not  otherwise  act,  the  state  in  Philadelphia,  May  15  to  19,  have  been  praised  by  the  more 
aids  rather  'than  retards  private  engineering  activity.  At  than  so°  delegates  and  members  who  were  present, 
the  same  time  information  is  obtained  which  permits  of  a  .Many  valuable  papers  were  presented,  some  of  which  are 
more  intelligent  survey  of  the  plans  later  filed  by  the  outside  given  by  permission  in  this  issue  of  Engineering  and  Con- 
engineer,  trading.     "Superintendents'  Day,"  devoted  to  an  exchange  of 

With   preliminary  plans   at  hand,  the   problem   of   arriving  experiences  and   ideas  between   superintendents,   was   a    par- 

at   a   fair   estimate   of   the   cost   of  the   improvement   to   the  ticular  success  and  a  pleasuce  to  all  who  attended, 

community    is    simplified.      The    importance    of    this    second  Although  recreation  and  amusements  were  provided,   husi- 

step  in  development  work  cannot  be  too  strongly  emphasized,  ness  was   the  order  of  the  day,  and  almost  the  entire  time 

since  the  factor  of  cost  is  usually  the  one  which  most  influ-  was    occupied    with    matters    definitely    pertaining    to    water- 

ences   local   action.      Often   the   public   health    argument   has  works.     In  other  words,  the  delegates  showed  their  interest  in 

but   little   weight,   while   low    capital   and    maintenance   costs  waterworks  affairs  by  treating  their  convention  seriously  in 

may  carry  the  day.     Abstract  argument  as  to  the  desirability  stead  of  merely  as  a  lark. 

of  adequate  water  and  sewerage  systems,  seems  to  have  little  The  character  of  the  active  membership  of  the  A.  W.  W.  A 

influence  upon  at  bast   Maryland  local  authorities.     Financial  as  stated  by  the  chairman  of  the  Publication  Committee  was 

rather  health  factors  almost  always  control.  most  interesting.    The  classification  was  as  follows: 

Since  popular  minds  are  considerably  more   impressed   by  Percent, 

a  dollar  than  a  death,  it  becomes  necessary  for  the  state  to       Engineers  . 569 

...,..„.  .  -,.      ,         „,,_.  ,_    ,  Superintendents     288  22 

adjust   its  talking   points  accordingly.     This   psychology   can-       i:x. .uti.es 248  18 

not  be  ignored  and,  because  of  it,  considerable  thought  has        '•>•  n-sts 87 

.  .,        .        ,  ......,_,  j    •     \.  I  iH-lassitifd 134  10 

been  given  to  the  development  of  practicable  and  just  meth-  

ods  of  financing  water  and  sewerage  systems.     Here   again  active  membership   1,326  100 

human   nature   predetermines  and  directs  the  line  of  action  The  full  membership  is  1,608. 

necessary.     It  has  been  made  clear  to  us  in  most  campaigns  W.  S.  Cramer  of  Lexington,  Ky.,  was  elected  president,  and 

that  the  individual  rarely  is  concerned  with  community  wel-  John  M.  Diven  of  New  York  and  Abel  Wolman  of  Baltimore 

fare.     Now  and  then,  a  Utopian  figure  appears  whose  inter-  were  reappointed  respectively  secretary  and  editor. 

ests  are  communal,  but  most  often  the  individual  is  interested  Edgar  Buttenheim  of  New  York  was  elected  president  of  the 

id  the   cost   to  himself.     On  this  account,  an   effort  is  made  Waterworks  Manufacturers'  Association,  and  John  A.  Kienle. 

to  work  out.  for  each  property  holder  in  the  smallest  com-  25  W.  43rd  St.,  New  York,  Secretary. 

munities.  and  for  standard  units  of  property  in  larger  places,  

the  total  annual  cost  which  will  result  from  the  introduction  City  Prepares  Tablet  for  Tourists  to  Purify  Water. — Going 

of  a  new  system.    This  can  be  done  when  there  are  available  motoring    or    resorting    this    summer?     The    Chicago    health 

preliminary  plans,   detailed   cost   estimates,   and   information  department   has   prepared    calcium    hypochlorate   tablets    for 

concerning    the    character,    size     and     value     of     individual  rendering  suspected  water  safe  and  thus  avoiding  the  danger 

properties.  of  typhoid   infection.    They  may  be  obtained  by   Chicagoans 

It  may  be  of  interest  to  point  out  that  more  effective  re-  at  room  713,  city  hall. 

(121) 
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Prevention  of  Tastes  and  Odors  Due  to  Microscopic  Organisms 

History  of  New  York's  Problem,  Completeness  of  Cure  and   Harmlessness  of  the  Treat- 
ment, Told  in  Paper  Presented  at  the  Convention  of  the  American 
Waterworks  Association  in   May,   1922 

By  WILLIAM  \V    BR1  sn, 

iter  Supply,    Dapartn 
■    New    Vork  <'u\. 


group  ol   water   works  "''•   ,ne 

n.   'under  what  conditiona  sho   Id  a  mper- 

Intend)  from 

microscopic  organisms   In  ■  supplj    under  his  Jurisdiction?" 

then-  would  in-  a  d  H  maj  be  helpful 

i  termi- 
nation "i  ii  •  d  then  submit  the 
answer  w  hie  b                                           rant. 

Early    Experiences  on   Croton    Supply.     The    knowledge   we 

;      organlsi        ommon  to  water  supply 

ii   is  no)  surprising  to 

agree- 

able  taste  and  odor  In  is.".:',  or  over  sixty  years  ago.  that 

there  i  alarm  about   the  wholesomenesB  of  the 

■apply     l  >rs.  James  H.  Chilton  and  John  Torrey,  two 

•  mists  at  that  tii  >  ogaged  by  the 

Croton  Aqueduct  Hoard  to  Investigate  the  cause  of  the  taste 

and  appearance  of  the  »  hllton,   who   was  a 

Bported  that  there  was  nothing  from  a  chemical  view- 
point to  indicate  any  pollution,  and  both  he  and  Dr.  Torrey 
concluded  that  it  was  due  to  a  microscopic  organism.  Dr. 
Torrey  stating:  •  •  •  "we  are  warranted  In  concluding  that 
the  recent  offensive  condition  of  the  Croton  water  was  owing 
to  a  rapid  anil  abundant  growth  of  a  microscopic  conferva 
like  ]>!ant.  which  abounds  in  a  volatile  odorous  principle, 
soluble  \tent  in  water.    •    •   *   I  have  not  yet 

fled  iii  the  origin  of  these  little  ■■•  liether 

they  are  the  entire  plant,  or  once  constituted  a  part  of  a 
more  complex  alga.  •  *  *  It  is  a  plant  of  short  duration,  and 
should  It  reappear  another  season,  the  probability  is  that  it 
will  not  annoy  us  long.  Very  likely  more  or  less  of  it  occurs 
summer;    but  this   is   t:  that   it  has  been 

offensively  brought  to  our  notice.    *    *    *" 

No  remedy  was  in   the  report   submitted,  except 

for  the  household)  filter,  followed  by  passing  the 

effluent  through  charcoal. 

Alarmist  Rumors. — Thirty-seven  year-  later  general  knowl- 
edge on  this  subject  had  not  materially  increased,  and  when 
early  in  August.  1S96.  the  Brooklyn  supply  developed  a  most 


disagreeable  taste  and  odoi  with  a  whitish  color,  there  was 
universal  complaint,  and  mu<  h  alarm  on  the  part  of  the  con- 
sumers. The  allegation  wa  persistently  made  that  sewage 
was  the  cause  of  the  trouble,  and  that  the  water  supply  was 
dangerous.  1  well  remember  how  thOBe  of  us  In  the  engineer- 
ing corps  at  that  time  wen  j  tifled  as  to  the  cause  and  the 
remedy.  Aeration  was  the  pre  a  most  frequently  suggested 
aa  the  probable  mel  The  health  department  of 

en  city  of  Brooklyn  d  the  cleaning  of  the  ponds 

and  Hushing  out  of  the  nj 

Diatoms  Revealed  as  a  Cause  of  Trouble.  An  investigation 
made  by  Dr.  Albert  H.  Leed  Stevens  Institute  very  quickly 

showed  thai  asterionella  diatoms,  was  the  actual 

cause  of  the  trouble,  and  that  this  organism  was  most  preva- 
lent in  the  largest  of  the  three  basins  of  the  low  service  dis- 
tlon  reservoir,  which  Is  known  as  the  Ridgewood  reser- 
Uter  determining  the  presence  of  asterionella,  as  well 
eral  other  organisms.  Dr.  Leeds  continued  his  investi- 
gations, which  started  on  September  4 1 li .  and  did  not  end 
until  February  15,  1897.  ion  was  that  the  combi- 

nation ol  surface  and  well  raters  in  the  Brooklyn  supply 
was  favorable  to  the  growth  of  the  microscopic  organisms, 
especially  asterionella  and  in  liar  types,  that  the  growth  was 
stimulated  by  the  basin  In  question  being  lowered  to  less  than 
half  the  20-ft.  depth,  in  July,  that  there  was  no  remedy  except 
excluding  light  from  the  water,  and  he  recommended  cover- 
ing the  reservoir  at  a  cost  of  over  one  million  dollars.  The 
reservoir  was  not  covered,  but  a  by-pass  was  built  around  the 
reservoir. 

These  two  instances  of  trouble  in  the  New  York  water 
supply,  due  to  presence  of  microscopic  organisms,  have  been 
cited   to   show   how    little  D    known  about  the  micro- 

scopic organisms  in  their  r  lation  to  the  water  supply.  One 
wry  important  development  of  the  Brooklyn  trouble  was  the 
establishment  of  thi  ply  laboratory  at  Mt.  Prospect 

with  Dr.  George  C.  Whipple  in  charge.  Dr.  Whipple  having 
been  Dr.  Leeds'  principal  assistant  in  the  Brooklyn  Investi- 
gation. 

Introduction    of    the    Copper    Sulphate    Treatment. — About 


/ 


■ 


Map  of   Kentlco   Reservoir  Showing   Area   Treated   with   Copper   Sulphate 
I  1  _'_'  | 
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seven  years  after  the  Brooklyn  trouble,  Drs.  George  T.  Moore 
and  Karl  l\  Kellerman  gave  the  results  ol  studies  and  ex- 
periments they  had  made  on  the  germicidal  effect  of  copper 
sulphati  and  In  September,  1905,  there  was  a  symposium  on 
"The  use  ol  copper  sulphate  and  metallic  copper  for  the 
removal  of  organisms  and  bacteria  from  drinking  water,"  held 
before  the  New  England  Water  Works  Association,  at  its 
annual  convention.  While  copper  sulphate  was  found  to  be  un- 
satisfactory tor  bacterial  removal,  it  was  the  lirst  chemical  to 
be  successfully  used  on  a  commercial  scale  tor  the  destruc- 
tion of  microscopic  organisms.  In  1905,  and  also  since  then, 
conflicting  results  were  reported  by  those  using  copper  sul- 
phate for  this  purpose,  but  the  weight  of  evidence  shows  this 
chemical  to  be  an  effective  agent  to  destroy  micro 
organisms.  Since  1904  copper  sulphate  has  been  used  to  treat 
the  distribution  reservoirs,  where  necessary,  and  since  about 
1906  has   been  applied   to  small  areas   of   shallow    flowage  in 

the  various  Croton  reservoirs,  about    15, to  30,000  pounds 

being  used  annually  for  the  latter  purpose. 

The  Completeness  of  the  Copper  Sulphate  Cure. — In  De- 
cember, 1919.  the  copper  sulphate  was  successfully  applied 
to  the  Kensico  reservoir  to  destroy  a  growth  of  asterionella, 
the  volume  of  water  treated  being  estimated  as  11,500  m.g. 
This  reservoir  has  been  treated  with  copper  sulphate  four 
times  since  1919,  the  last  treatment  being  in  April,  1922,  and 
in    every    case    the    result    sought    has    been    accomplished. 

About  6, pounds  of  copper  sulphate  is  introduced,  using  a 

boat,  as  indicated  in  the  illustrations.  The  weight  of  copper 
sulphate  passing  into  solution  is  about  proportional  to  the 
water  area  treated  rather  than  to  the  volume,  and  the  effect 
of  the  greater  dilution  in  the  deeper  sections  of  the  reser- 
voir is  evidenced  by  the  less  destruction  of  the  microscopic 
life.  The  water  flowing  into  Kensico  reservoir  from  the 
Catskill  aqueduct  was  successfully  treated  by  automatically 
feeding  copper  sulphate  into  the  Bowing  water,  although 
some  years  before  we  had  apparently  failed  to  destroy 
aphanizomeuou  by  feeding  a  solution  of  coppe,'  sulphate  into 
the  new  Croton  aqueduct  at  Croton  lake.  The  evidence  from 
1  aqueduct  treatments  seems  to  firmly  establish  the 
effectiveness  with  which  the  microscopic  organisms  are  killed 
by  the  copper  sulphate  when  introduced  into  the  aqueduct 
flow.  The  two  aerators,  which  are  located  at  Ashokan  and 
Kensico  reservoirs,  respectively,  and  through  which  the 
Catskill  supply  is  normally  sprayed  into  the  air,  have  been 
found  to  have  a  destructive  action  on  the  more  fragile  of  the 
microscopic  organisms,  the  cause  of  such  action  being  be- 
lieved to  be  the  violent  treatment  to  which,  the  water  is 
subjected  in  passing  through  the  aerators.  The  organisms 
are  mechanically  broken  up  and  some  of  the  weaker  species 
fail  to  again  develop  below  the  aerators. 

Chlorine  as  a  Taste  Remover. — The  addition  of  chlorine  to 
a  water  containing  microscopic  organisms  has  been  generally 
found  to  increase  the  taste  and  odor,  and  it  was  therefore  a 
surprise  when  in  January,  1922,  we  found  that  by  increasing 
the  dose  of  chlorine  the  organisms  were  destroyed,  and  the 
taste  removed.  This  discovery  was  made  when  tests  were 
conducted  to  try  to  rid  the  Catskill  water  of  a  most  objec- 
tionable taste-  caused  by  from  50  to  100  units  of  Synura  per  c.c 
when  the  water  was  treated  with  a  relatively  small  dose  of 
chlorine.  The  smaller  dose  of  chlorine  killed  some  of  the 
Synura  and  released  the  disagreeable  oil  contained  by  these 
organisms,  whereas  the  larger  dose  attacked  and  neutralized 
the  oil  released  by  the  destroyed  organisms,  as  well  as  de- 
stroying the  organisms.  It  was  further  found  that  when  the 
organisms  were  first  either  wholly  or  partially  destroyed  by 
the  use  of  copper  sulphate  in  the  aqueduct,  that  subsequent 
treatment  of  the  aqueduct  flow:  with  chlorine  would  remove 
the  taste  from  the  water  with  a  much  smaller  dose  of  chlo- 
rine than  that  required  when  the  water  had  not  been  previ- 
ously treated  with  copper  sulphate.  The  amount  of  chlorine 
required  with  or  without  prior  copper  sulphate  treatment  was 
too  small  to  cause  a  chlorine  residual  taste  in  the  treated 
water.  In  general,  a  net  increase  of  0.1  of  a  part  of  free 
chlorine,  as  shewn  by  the  orthotolodine  test  on  the  raw  and 
treated  water,  was  sufficient  to  give  the  desired  results.  The 
orthotolodine  test  on  the  treated  water  is  made  about  thirty 
minutes  after  the  chlorine  is  applied. 

Water  Free  from  Chemical  on  Reaching  Consumer. — Some 
persons  have  expressed  the  fear  that  the  copper  sulphate 
treatment  would  have  the  effect  of  dosing  the  consumer  with 
copper  sulphate  to  an  injurious  degree.  During  this  past 
winter  while  copper  sulphate  was  being  fed  into  the  aqueduct 


at  Ashokan  at  the  rati   of  twi ids  per  million  gallons,  and 

the  water  was  being  delivered  directly  through  the  aqueduct 
from  Ash, .kan  tu  Hlllview  reservoir,  a  gallon  and  a  half 
sample  of  water  taken  at  the  efflux  of  Hlllview  reservoir  was 
evaporated  down  and  the  concentrate  subjected  to  the  most 
delicate  copper  tests  without  revi  aling  the  presence  of  even 
a  trace  of  copper.      I  in    ti (   Bovi    through   the  aqueduct 


ith     Scr 


Cha 


Chlorlnation    Plant    Is 

is  about  thirty-live  hours,  and  there  is  two  days'  supply   in 
Hlllview  reservoir. 

With  the  evidence  now  available  of  the  successful  destruc- 
tion of  microscopic  organisms  with  either  copper  sulphate  or 
chlorine,  or  a  combination  of  these  two  substances,  we  hold 
that  the  water  works  superintendent  can  no  longer  consider 
the  taste  due  to  microscopic  organisms  as  a  visitation  which 
cannot  be  controlled,  and  that  his  consumers  have  just  cause 
for  complaint  if  he  fails  to  apply  the  remedy  or  remedies 
which  have  been  successfully  used  elsewhere.    A  generation 


Auto  Truck  for  Operating  Valves  and   for 

General   Utility  Purposes 

The  Dean  Emergency  "Shut-Off  Truck"  consists  of  a 
1922  model  Reo  Speed  Wagon  chassis  fitted  with  improved 
valve  operating  take-off.  This  is  a  special  transmission  per- 
manently attached  to  the  chassis,  arranged  to  carry  square 
valve  operating  keys  of  different  lengths.  All  three  forward 
and  reverse  speeds  are  available  for  operating. 

On  each  valve  in  the  zone  of  operation  is  attached  a  posi- 
tion indicator,  which  indicates  the  exact  number  of  turns  the 
valve  is  open.  This  indicator  is  applied  to  the  valve  without 
any  alterations  whatever,  and  takes  the  place  of  the  valve 
nut.  The  operating  end  has  a  standard  2-in.  nut  to  suit  both 
truck  and  hand  wrenches. 

On  the  dash  in  front  of  the  driver  is  the  automatic  cut-off 
indicator  having  an  illuminated  dial  and  adjustable  numbers. 
The  numbers  on  this  dial  are  set  to  correspond  with  the 
numbers  on  the  dial  of  the  valve  position  indicator,  after 
which  the  clutch  is  let  in  through,  say — the  second  speed  of 
the  car.  The  valve  completely  closes,  and  the  engine  auto- 
matically stops.  It  is  impossible  to  jamb  the  valve,  and  for 
further  protection  the  cut-off  may  be  set  to  stop  a  few  turns 
from  full  closed  position. 

The  automatic  cut-off  operates  also  when  opening  the  valve. 


Diagram    Showing    Dean    Truck    Operating    Valve. 

By  the  aid  of  special  universal  joints,  the  vertical  key  shaft 
may  be  as  much  as  10  in.  off  center.  An  adjustable  shear 
coupling  in  an  accessible  position  is  provided  for  protecting 
the  valve  stem. 

A  special  low  head  centrifugal  pump  is  provided  under  the 
rear  of  the  body,  driven  by  the  transmission  and  provided 
with  clutching  and  de-clutching  device. 
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Ui                      j    I         i                      j    It.      D    1  '""v  rim-    A"  n"',,'r-s  were  read  at  the  beginning  of  the  test 

nderground    Leakage    and    lt&    Kela-  and  the  reading  repeated  at  the  end  of  the  run  and  the  dallj 

firm    to    Maine    a nA    S^rvir#»<i  onsumption  established  from  these  readings.    Accord 

nun    iu    ivictms    ana    oervices  tag  to  the  pit< iter,  the  rate  of  consumption  varied  from  a 

minimum  ol  ,i   per  daj  to  a  maximum  of  24,100, 

Some  Chicago  Tests  Described  in  Paper  Presented  g"l    per  da]   and  the  pressure  from   -i   lbs    to  :::  lbs.     The 

at  Philadelphia  Convention.  American  '"    ""ls" *"'"    ''"""'    "»    ■    "'"-   "J 

...  average  dallj  rate  computed     Thl     was  found  to  be  14 

Waterworks  Association  ..,!   per  daj     The  rate  aa  shown  bj  the  meters  was  13,782,000 

is>  tiiomas  F   \'  I '  ''  li:iv     Tllis  leavi                          ier  da)   to  cover  the 

I  the  moai  convenient                        ting  underground  following  Items: 

In  Bov.    lines  and  to  say   it 

I  wo  ci  .  r  d  ii.  100 

is  -.i  many  gallons  per  day  per  mill  Hy<iram  i. 

gallons  per  day  per  foot  of  Joint    Eithi     of  these  figures  is  a      watei  usee n  fin    hydrant  ii.,ns 

fair  Indication  of  the  efficiency   ol  the  transmission         tem  M( ,'.'  j .',,,:,.                                                                            jowm 

ben  there  are  no    ■  t.    As  soon 

as  other  means  for  watei 

absolutely  unfair  to  report  or  con  Ider  leal                    motion  "n"h  'eaves  2.28  per  cent               total  Boy   Into  the  district 

ogtfa  ol  the  main.  Unfortunately,  a  better  a  ■"■ mted  for     Thi    Bg  that  with  Bervii  e  pipe 

not  readllj  offei  Itself  because  of  the  leakage  eliminated,  the  amount  of  unaccounted  for  watei    I 

..t.    it  is  also  unfortunate  that  the  method  ol  arriving  negligible, 

at  the  amount  ol  water  lost  m  n                                         much  Some  Chicago  Tests.     We  will  now  consider  tests  made  on 

Drk,  because  the  lack  ol   accurac]    is  responsible  to  various  streets  In  district-          i.    conditions  are   dli 

fact  that  large  water  losses  are  so  easily  that  is.  Instead  of  an  all  cast  Iron  system,  we  have  a  cast  Iron 

condoned,    in  determining  the  amount  of  w  it                    iway  mam  and  service  pipes  of  other  material.     For  the  past  Ave 

underground,  the  usual  way  is  to  account  for  all  that  is  fairly  years,  it  has  been  the  practice  In  Chicago  to  test  each  Btreet 

ible  and  then  to  ascribe  the  remaindi                      Tins  tor  leaks  prior  to  laying  pavi  ments.    Not  only  are  the  teats 

onBldi            est       tint                   net    result   as   far  made,  hut  the  leaks  are  locati  d  and  over  '.'-  per  cent  of  the 

as  unaccounted  for  water  is  concerned,  Is  nothing  more  than      water  Found  getting  away  in  ii .•    >■  streets  has  I n  stopped. 

an   estimate  and  on  account   ol    Us   unreliability,  is  not   taken  This  intensive  leakage  survey   naturally  brought   to  light   the 

as  seriously  as  it  should  be      in  fact    man]    water  «oiks  men  exact  nature  of  the  leaks.    The  streets  tested  can  be  conaid- 

me  to  look  upon  a  large  underground  loss  as  a  legiti-  ered  average  i  asi     becausi            "•  of  the  mains  and  services 

quently,   to  disregard   it.     In  reality.  were  just  laid,  while  in  other,-,  the  pavements  to  be  laid  were 

•tu~  condition  because  it  is  a  tact  replacing  other  pavements  that   bad  been  worn  out  and  the 

that   pipe  can  be  laid  so  thai  it   will  he  almost  absolutely  tight  mains    in   these    streets    were    from    2">    to    70    years   old       The 

and  if  proper  material  and  workmanship  are  used,  there  is  tests  are  conducted  in  the  following  manner 

D  why   the  pipe  cannot   remain   tight    Indefinite!]  The    section    Of    main    to    be    tested    is    shut    down    and    all 

in  looking  over  «ater  works  statistics,  It   Is  not  at  all  un-  services  shut  off  at  the  roundwaj  at  the  curb.    A  l -in.  meter 

usual  to  find  man]  Bystems  reporting  losses  of  from  20  to  50  (or  where  the  section  Is  large,  a  2-ln.  meter),  is  then  by -passed 

ol  the  water  pumped.     If  this  were  true  of  those  cities  around  one  of  the  closed  valves  through  a  2-in.  hose  connected 

and   towns  where   water   is  still   sold   on    i   Bat    rate   basis,   it  to  1-in.   corporation    ferrules    installed   on   either   side   of   the 

might  be  ascribed   to  waste  within   the  premises.     As  a  mat-  closed   valve.      If  any   leakage    Is    indicated,  an   aquaphone   is 

ter  of  fact,  Buch  is  noi  the  ease  and  many  towns  that  are  100  applied  to  a  shut-off  rod  on  each  roundway  and,  as  a  rule,  if 

■   metered  are  unable  to  account  tor  the  entire  pump-  the  leak  is  any  place  on  that   particular  Bervice   or  on   the 

tout  charging                                        rcentage  to  under-  main  near  the  service,  it  can  be  easily  heard.     With  experi- 

ground  losses.    Possibly,  all  leaks  cannot  1 timinated,  but  a  ence,  a  man  can  tell  about  where  a  leak  is  by  the  relative 

more  serious   consideration   of  the  reason  for  leaks  will   at  loudness  of  the  sound  on  adjacent  services.     If  there  are  no 

itlv  reduce  the  percentage  of  unaccounted  tor  water.  services  on  the  main,  or  for  some  reason  the  location  of  the 

Loss  Due  to  Services     The  thought  thai  services  are  respon-  leak  cannot    be  determined   as   described  above,  a  1-in.  earth 

sible  for  a  lai.                        e  water  loss  is  not  at  all  new,  but  auger  is   used  to   bore  a  hole   down   to  the   main    itself.     An 

it  may  be  worth  while  to  consider  some  accurate  data   point-  aquaphone  applied   to  rods   in    these    hides   will    pin    the   leak 

ing  out  the   truth   of   this    statement.     Te  ts    Ol    parts  of  the  down   to  a    very   small   Bpace      This  method   obviates  digging 

underground   system   in  Chicago  made  either  bv    the   writer  or  numerous  test  holes  in  order  to  determine  leak   locations  and 

under  his   direction,   give   some   interesting   data    in   this   con-  has  been  used  quite  successfully   In   paved   streets  where  the 

nectlon.      A    test    was    made    on    the    StOI  k    Yards    in    Chicago,  only   opening    in    the    pavement    Is    thai    caused    by    driving    a 

I    was   comparatively   simple  to   measure  the    total    BOW  bull    point    through    it.      If   the    leakage    is    particularly   difficult 

in  the  district  under  tesi  and  win-re  practically  the  entire  i  on  to  locate,  the  main  is  cut  In  two  and  patent  plugs  similar  to 

sumption   was   metered       1                           irde   occupy   an   area   of  those  used  by  plumbers  in  testing  house  drainage  system-  are 

about  one  mile  Bquare    the  eastern  hail  ol   which  is  occupied  installed   In   place  ol    the   pipe  cut   out.     The   water  getting 

b]    cattle    p.ns    and    is    not    supplied    with    city    water.  away   in   the  sec  lion    between   the  meter  and   the   plug   is   then 

malnder  of  the  lard                      built  up  with  packing  measured  and  In  this  waj   the  section  in  which  the  leakage 

■      '                               are   Used      Every    Sen  OCCUrS,   is   located.      In  cases    a  here   Ihe   \al\os  are   not   located 

ice   In   'his   entire   district    except    those   supplying    tire   engine  In   BUCh   a    way   as   to  make    il    possible   to   isolate   the    section 

publii    drinking  fountains  is  metered  and  with  the  desired,   the   main    is   cut    al    the   limits   of   the   section   to  be 

lying  elevated  stations  paved  and  these  plugs  used 

,llis  Results  of  Chicago  Tests.     During  the  year  1921  78%  miles 

might  he  con-iib -red  ervice  leakage,  as      „(  streets   have  i D   tested    In   this    waj    and    1,091,000   gal 

!  'fueled  in  exactl]   the  same  |)(,r  (|,,v    ,,,   i,.;,^,,.,.  measured;    1,070,990   gal    per  day   or  99 

manner  as  the  mains.  (iii|.    ,  ,  n(    u,     ,,,,.    ,,,,.,,     |,.,,|..  ,..,      ,,.,,     ,„,,.,,    popped.      Of    this 

in  .on. liming  this  survey,  the  mains  carrying   water   Into  amount,  92.000  gal   per  daj   was  stopped  bj  abandoning  main, 

■!"V.,r.                    t  down,  with  the  ,  ,,.    main  lay  under  Btreet  car  tracks  in  downtown  bI 

a  St.  pump-  because  of  dense  traffic,  it  was  cheaper  to  lay  new  main.  Thi 

'•''  from  thi                    th  St.  pumping  sta-  remalndei  of  tin    I                as  divided  as  tollo 

•    ■  .,   Dumber  of  dead                           n  Ii  i   to  gervl(                     ,.,  d                                       ..... 

Dgei  from  a  limited  supply  In  i                      b  man  Joints,  sal   i»  i  daj 

!   with  a   valve  ki                    I                                 be  fire  Hydrants  and  valves    ml   pei                                 B69.761 

engine  bouses  within  the  limits  of  the  Yard   .  with  m    i  no  lions  The  hydrant  and  valve  leakage  i-  i  \.  .--iv.    because  in  BPltB 

pi  ol  ordinances  to  tin-  contrary,  hydrants  an    sui ted  to  con- 

of  fire                                                                                                         0.0  Iderable   abuse   because,   of    i                         by    building,    paving 

terrltoi          ■    aquently,  the  valve  ar-  and   sidewalk   contractor     and   othei     tor  construction   pm> 

rang- m.  ■  ■                 !,  tnrbed     Pltomet                        i    tailed  poses     The  service  pipe  '                 648,878  gal,  per  day  or  60 

pplj  mains  at                      rory  can--  per  cent   of  the  total  underground  loss  was  found  to  axial 
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mostly  In  wiped  Joints.    This  figure  on  Bervice  pipe  leakage 
is  somewhat  lower  than  it  Bbonld  be  because  of  the  tact  that 
prior  tn  making  these  tests,   it   is  customary   to  cut 
wrought   service   pipes  and  replace   them   with   lead   Bervice 

pipes  it  is  impossible  to  estimate  how  mueh  additional  leak- 
age would  have  i n  measured  had  these  rusted  out  wrought 

pipes  been  included  in  the  surve\,  imt  .1-  most  Ol  ties,,  pipes 
are  in  bad  condition,  it  is  reasonable  to  suppose  that  this 
figure  would  be  materially  increased.  It  should  also  be  borne 
in  mind  that  this  includes  only  that  part  of  the  service  pipe 
leakage  between  the  main  and  the  roundway  and  that  leakage 
in  these  pi]"  a  between  the  roundway  and  the  premises  is  not 
included 

from  these  figures,  it  can  be  seen  that  less  than  7  per  cent 

charged  in  any   wax    to  the  main  and  none 

of  this  i^  due  to  leaks  in  the  pipe  itself      li   the  total  leakage 

in  these   streets   were   reported   in  gallons   per   day    per   mile 

of  pipe,  it  would  he  14.i ;  whereas,  the  actual   leakage  in  the 

main  itself  was  830  gal.  per  flay  per  mile  of  pipe,  or  less 
than   is  often  specified   for  new  pipe.     For   the  entire   period 

of  five  years.   350   miles   of  pipe  have   been    tested;    T.o:',s, 

gal.  per  day  of  leakage  measured;  and  6,510,000  gal.  per  day 
or '93  per  cent  of  leakage  stopped. 

The  oldest  main  tested  since  this  system  was  adopted  was 
a  18-in.  cast  iron  main  laid  in  State  St.  in  1S52.  This  main 
is  part  of  the  first  main  laid  in  Chicago  after  the  use  of  bored 
logs  was  discontinued.  The  section  of  this  main  tested  was 
1,500  ft  long  and  was  found  to  be  absolutely  tight.  There 
were  only  three  services  off  of  this  main  and  they  were  all 
i.m  A  •"•-in.  tap  made  for  the  purpose  of  connecting 
a  hydrant  to  this  pipe  made  it  possible  to  Inspect  the  interior 
as  well  as  the  exterior  of  the  pipe  and  there  was  very  little 
evidence  of  corrosion.  It  is  not  known  what  the  original  thick- 
ness of  this  pipe  was.  hut  the  thickness  a-  present  is  greater 
than  the  present   (lass  "C"  pipe. 

As  stated  in  tli,.  first  part  of  this  paper,  a  scheme  of  re- 
porting leakagi  in  complete  distribution  systems  better  than 
now  used,  is  not  readily  offered,  but  at  least  this  can  be  done. 
When  leakage  is  reported  as  so  many  gallons  per  day  per 
mile  of  pipe,  it  should  be  noted  whether  or  not  this  includes 
leakage  from  services.  The  figures  mentioned  above  would 
indicate  that  it  would  be  more  fair  to  say  the  leakage  in  a 
distribution  system  is  so  many  gallons  per  day  per  service 
than  it  is  to  say  it  is  so  many  gallons  per  day  per  mile 
of  pipe,  as  the  services  were  shown  to  be  responsible  for 
ten  times  as  much  leakage  as  was  the  pipe. 


Hydrant   Flow  Survey   in   Detroit    as   a  Guide   to 

Reinforcement  and  Improvement  of 

Distribution   System 

In  1920  a  hydrant  flow  survey  was  undertaken  covering  the 
entire  city,  and  about  five  months  was  required  to  complete 
this  work.  The  object  sought  was  to  determine  at  all  points 
the  amount  of  water  available  for  fire  protection,  and  to  do 
this  the  fire  hydrants  were  divided  into  1,500  groups  of  four 
eat  a,  and  the  amount  of  water  discharged  from  three  hy- 
drants of  each  group  was  measured  while  the  residual  pres- 
sure was  observed  at  a  central  hydrant.  The  discharges  of 
the  various  groups  were  reduced  to  a  10  lb.  basis;  or,  in  other 
words,  the  discharge  from  each  group  was  computed  from  the 
readings  taken  in  the  field  to  determine  the  amount  of  water 
available  with  a  residual  pressure  of  10  lbs.  These  readings 
on  the  10  lb.  basis  were  posted  on  maps  and  the  low  areas 
were  determined  by  inspection  and  used  to  determine  the 
lines  that  should  be  laid  for  reinforcing  the  distribution 
system.  Now  that  pipe  has  been  laid  reinforcing  nearly  all  of 
the  low  discharge  areas,  arrangements  have  been  made  to 
make  a  second  hydrant  flow  survey-  covering  the  entire  city. — 
Report  of  the  Board  of  Water  Commissioners  of  the  city  of 
Detroit.  Mich.,  for  the  year  ending  June  30,  1921. 


Meterage. — Approximately  85  per  cent  of  the  services  of 
Washington.  D.  C,  are  metered.  The  consumption  during 
the  past  three  years  has  averaged  about  63,000,000  gallons 
per  day,  the  maximum  day's  pumpage,  which  occurred  on 
June  24,  1921,  being  73,177,000  gallons. 

The  water  department  of  Norfolk,  Va ..  which  is  under  W, 
H.  Taylor,  director  of  public  works,  with  Charles  H.  Bliven 
as  superintendent  of  city  distribution,  averaged  in  daily  con- 
sumption for  the  past  eighteen  months  some  11,300,000  gal- 
lons, the  maximum  for  one  day  being  about  13,500.000  gallons 


Causes  of  Failure  in  Cast   Iron  Pipe 

Quality  of  Iron  as  a  Contributing  Factor  Suggested 
in  Paper  Presented  May  18,  at  Annual  Con- 
vention of  American   Waterworks 
Association 
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In  Boston,  during  the  past  12  years,  19  failures  of  cast  iron 
water  pipe,  16  In.  to  4S  in.  in  diameter,  have  occurred,  nine 
ol  them  due  to  settlement  up, in  an  unyielding  support,  three 
to  accident    (in   two  cases   blasting,  and   in  the  third  ease  the 

operation  of  a  public  Bervice  corporation),  two  to  ire,  zing,  one 
to  imperfect  casting,  two  in  demoralization  of  metal  in  "bad 
ground";  in  two  cases  no  reason  for  failure  was  apparent.  Aa 
usual,  the  fatal  rigid  hearing  was  the  greatest  offender.  Eter- 
nal vigilance,  expressed  in  unremitting  inspection  on  the  part 
of  the  water  depart inetit.  will  alone  minimize  the  danger  from 
this  cause  in  city  streets.  The  pipe  may  be  originally  laid 
in  a  safe  location,  yel  disaster  may  follow  from  the  subse- 
quent construction  of  sewers,  conduits,  subways,  etc.,  under 
or  adjoining  it.  All  the  failures  of  this  kind  mentioned  above 
were  due  to  settlement  upon  structures  built  after  the  pipe 
was  laid,  and  all  might  have  been  avoided  had  reasonable 
care  been  taken  to  provide  the  necessary  clearance  around 
the  pipe. 

It  is  not  my  intention  to  discuss  the  damage  resulting  from 
electrolysis,  bad  ground,  improper  filling,  undue  external 
loading,  settlement,  etc.,  nor  to  go  at  length  into  the  impera- 
tive necessity  that  cast  iron  pipe  be  well  made,  properly  laid 
and  carefully  protected  from  adverse  conditions  after  being 
put  in  service;  much  might  be  written  on  these  points  but 
1  will  leave  that  task  to  others,  and  propose  briefly  to  call 
attention  to  a  probable  cause  of  failure  neither  so  much 
discussed  or  so  appreciated;  I  refer  to  the  quality  of  the 
pipe  iron. 

Quality  of  Pipe  Iron  as  Cause  of  Failure. — This  vital 
feature  has  not  been  sufficiently  safeguarded  in  our  specifica- 
tions which  require  the  test  bars  to  support  a  center  load  of 
1,900  lb.  (  X.  E.  W.  W.)  or  2,000  lb.  ( AM.  W.  W.)  and  to  show  a 
deflection  of  0.3  in.  before  breaking.  The  weak  spot  in  these 
requirements  lies  in  the  fact  that  no  direct  connection  is 
made  between  the  loading  and  deflection  with  the  result  that 
in  many  cases  the  test  bars  do  not  show  0.3  in.  deflection  until 
the  load  is  in  excess  of  1,900  or  2,000  lb.,  oftentimes  largely 
in  excess.  Two  thousand,  one  hundred  and  eighty-three  test 
liars  broken  by  the  Metropolitan  Water  Board  of  Massachu- 
setts during  the  past  nine  years  give  the  following  results: 

3  liars  si:.  wed  .18"  deflectii  n  at  1.900  lbs 
:.  liars  showed  .1""  deflection  -it  1,900  lbs. 
:::■  bars  or     1  5  .    ol    total  numb,  i 

'  lbs. 

389  bars  oi    i^  »'.    0f  total  number  showed  .22 

i."  -0 
2:"i  liars  .  i    i>       ,    of  i    ill   number  showed  .25 
l.SOO   11 

137  bars  .  ,    j i   total  number  showed  .2S 

I.' bs. 

•  a'    total    showed    less    than 
1,900    lbs 
tr.h  liars  or  21,"';    of  total  number  showed  .31"  to  .34"  deflection  at 

II 
190  bars  or  22   ■  ■■     .i   total  number  showed  .35"  to  .37"  deflection  at 

l. lbs 

i.".i;  bars  or  8.09    ol   total   nu     bi  i   showed   .38"  to    10"  deflection  at 

I,! lbs 

::    bars   showed    .12"   defection    at    1,! lbs. 

2    bars    showed    .43"   deflection    at    1,900    His. 

These  results  evidence  metal  of  widely  different  quality, 
with  a  test  bar  deflection  of  1,900  lb.  ranging  from  .18  to  .43 
in.,  we  may  safely  conclude  that  the  iron  varied  from  "very 
hard"  to  "very  soft";  omitting  the  extreme  cases,  the  deflec- 
tion at  1,900  lb.  ranged  from  .22  in.  to  .37  in.,  a  condition  far 
from  satisfactory. 

Water  pipe  iron,  to  secure  the  required  resiliency  and  the 
necessary  strength,  should  show  a  test  bar  deflection  of 
approximately  0.3  in.  at  2,000  lb.,  with  an  increased  deflection 
of  approximately  .02,  in.  for  each  increase  in  load  of  200  lb. 
above  2,000  lb. 

The  Permissible  Sulphur  Content. — The  question  naturally 
arises,  "Why  not  specify  the  composition  of  the  iron,  stating 
just  what  percentage  of  the  different  elements  will  be 
allowed,  as  is  done  in  the  manufacture  of  steel?"  There  are 
practicable  objections  to  this  course  based  on  the  differences 


to  .21"  deflection  at 
to  .24"  deflection  at 
to  .28"  deflection  at 
to  .30"  d<  flection  at 

,1,  lb, t  ion    at 
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in  or. 

differ-  thick  and  thin  plpi     on  the  practical 

difficulty  ol  making  such  a  pi  possible 

.       ...  ■    • 

■  -  tint 
Ible  sulphur 

with  this  pi 

quit  I  in.  tit.  a 
11   will 

ken. 

It  h.i-.  hem  til.,  prat  til  '  tment 

.i  broki  ii  i  ml  the 

following  determii 

i  made 

middle 

■  .  >h    « hen    iiii- 

Analyses  of  Iron.     Six  breaks  in  and 

1900,  in  a   1^  in    supply  main  of  the  Boston  system,  laid 
in  ivv>.  following  .m  Increase  In  working  pressure  of  15  lb. 
Iron  in  these  cast  'Hows: 

.08  3.BC 

• 

In  St.  John,  N.  !'•.  1916-17,  one  of  the  two  24-in.  mains 
supplying  the  city  tailed  Beveral  times,  as  it  had  been  in  the 
habit  of  doing  at  Intervals  in  I 

England  mat  The  follow  ins  are  analyses  of  the 

in  the  broken  pipe  in  three  cases: 

Man,       Pho  C.  C       G.  C 

■ 

2.80 

The    following    Bl  main    broken    in    the 

Hartfurd.  Conn.,  system  In  1921,  lias  come  to  my  attention: 

. 

•  of  these  determinations  can  safely  be  termed  "bor- 

the  Boston  48  in.  with  C.  C.  .04  Sil. 

Hartford  24  In.  with  C.  C.    03  Phos.  1.86;  one  of 

them,  the  St  John  24  In  .  is  In  the  fri  :  le  remainder, 

particularly  those  in  which  the  sulphur  content  is  abnormally 

high,  warrai  I  Ity  ol  the  iron  was 

ributlng  it   not   the  direct   factor  in  the  failure  of  the 

In   main    pipe   foundries 

throughout    I  cceptions,   namely, 

In  .    which    was   made    in    England,   and   the 

broken   In   1915,  which   was  mall  jobbing 

foundry   in   Boston.    As   a    roll  pieces,   taken 

from  different   parts   ol   the   broken    pipe,   were  submitted   for 

ent   result 


Salaries  of  Engineering  Graduates  of  University  of  Nebras- 
ka.    '. 

.    salary  dal  tical  purposes 

of  reports  re- 

■•  aried 

all  the  way  down  ti  In  particular  were 

with  the  nun  lore  be- 

cause of  I  Hie  av- 

.  uiiual 
in  $2,- 

Btter  to 

'• 


Light  Weight  Cast  Iron  Water  Pipe 

lerlences  With  cast  iron  water  pipe  used  under  pressures 
higher  than  allowed  bj  current   specifications  were  outlined 
by  Mr.  C.  E.  Inman  of  the  Warren,  O.,  Water  Department  in 
a   paper    presented    at    thi     Philadelphia    convention    of   the 
in   Waterwo  tion.    Mr.   inman  stated  that 

the  experienci  • ...  ■'  work,  beginning  In  1885, 

as  foreman,  supervisor  ol  on,  and  as  superintendent 

In  a  number  ol   different  and   wldelj    separated   cities.    We 

■  i ii.-t .    from   Ins  paper  as    follow  s: 

The  weights   of   pipe   u  ed     a    tl •    cities   wore   fixed   by 

engineers,  oi  vrltei    and  -p.  aking  gen- 

erally those  weights  fall  below   the  weights  in  the  association's 

specifications  as  the  tollov  able  will  Indicate 

b<  lis 


I  putting    oui 

Hi. ir      stai 

12-ln weight 

H-ln 

i.    of   88   ft 



l  10-in.    of    6u    ft. 

24-in I  12-ta 

Comparison  of  the  abo\.  wi  Ights  with  the  present  A.  W. 
W.  A  specifications  show  that  some  are  even  lighter  than 
Class  "A."    in  each  town  oi  where  this  weight  pipe  was 

used,  the  pressure  was  always  run  up  to  150  lb.  per  square 
inch  on  the  completion  ol  work  and  in  one  city  the  pres- 

sure was   iii  rj    day   at   noon  to  120  lb.;    this  was 

continued  for  25  years.  In  this  particular  city,  as  well  as  in 
a  number  of  othei  cities,  tl  i  has  never  occurred,  as  far  as 
the    writer   has   been   int..  one    failure   on   account  of 

light  weight  pipe. 

ii      plant   in  thi    .  :'  ,  ii.,  was  built  in  1887  by 

Samuel  R.  Bullock  &  (  o.  It  comprised  11!  miles  of  mains  and 
since  then  46  miles  have  bei  n  added.  The  original  pipe  com- 
pares with  Class  "B,"  While  many  miles  of  the  pipe  as  added 
from   time  to   time   was   .  ti  I    than   Class   "A,"   yet    all 

i.    i  ,,f  years  of  service  with  a  domestic  pres- 
:    60   lb.  and   tiro  pi  100  to  120   lb.,   SOmi 

more  when  called  Cor  and  in  all  these  years  only  one  pipe 
burst  and  then  the  gauge  over  L50  lb. 

In  1909  the  works  were  appraised  and  showed  over  2,000 
tons  of  pipe.    Not  te  next  heavier  i  lass  of  pipe 

had  been  laid  for  the     i  nd   mileage,  at  the  date  of  the 

sal  it  would  have  added  approximately  500  tons.  This 
quantity  at  present  quotations  say  $40  per  ton,  would  in- 
crease the  cost  $20,000  and  for  the  period  of  time  from  1909 
to  1922,  or  13  years,  the  Interest  compounded  yearly  together 
with  the  principal,  would  amount  to  $42,600. 

During  the  past  season  we  had  occasion  to  make  several 
Smith  taps  in  the  city  mains  and  found  the  thickness  as 
follows: 

12-in.    pipe    ....34  years  old 65  of  an  inch  thick  correspond- 
ing .If    way     be- 
B     and   "C." 
8-tn.    pipe   .... 

i. -in.   pipe    With 

.\n 

to    i   years    with    thickness  of 

.  que  Is  .lass 

Hals    class    "B  " 

nd  .37  equals  lighter  than 

"  \ 

A  iouii.li>  tesl  of  300  lb.  to  the  square  inch  with  vigorous 
hammer  blows  was  required  for  the  added  pipe.  All  has  been 
In  service  under  identical  working  pressures  as  mentioned 
above. 


Engineering  Council's  Committee  Recommends  Less  Secre- 
cy.— "Instability  of  labor  employment  resulting  from  strikes 
and  lockouts  has  not  been  as  serious  In  the  metal  trades  In- 
dustry as  in  some  other  Industries,  with  the  exception  of  the 
lildmg  bi  ani  h  of  th 

"An  open  Interchange  of  Ideas  and  business  results  by  maaj 

agemenU    both   in   the  particular  Industr]    and   in   other   indus- 

Bhould   lead  to  a  higher  level  ol   methods,  service  and] 

bUBim      ethics,    if  carried  on  through  definite  chan- 

ich  interchs  -    i .suit    in   a   combined 

of  the  possibilities  of  the  future  and  thi    avoidance  in 

the  yeai      I mi  we  are   now   facing. 

.  mi  nt  that  management  of  labor  must  be  elevated  to'a 
higher  plane."— From   thi    Repi  rt     f  the  Committee  on  Kllm- 
hi  Industry. 
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Condition    of    Steel    Main    After    22 
Years  of  Service 

Pits  from  1-64  to  1-8-Inch  Deep  Mark  48-Inch  Pipe 
Examined  at  New  Bedford,  Mass.,  Remaining 

Life  Estimated  at  from  10  to  15  Years 
The  following  account  and  Illustration  are  taken  from  the 

report  of  the  New  Bedford  Water  Board  tor  the  year  1921. 
No  repairs  ol  importance  have  been  needed  on  the  4S  in. 
steel  force  main.  1"  connection  with  laying  of  the  new  48 
in  cast  Iron  main,  a  36  in.  opening  was  cut  out  of  the  48 
In  Bteel  main  at  Beaver  Dam.  for  the  purpose  of  connecting 
w  and  old  mains  at  this  point.  An  examination  of  the 
piece  which  was  cut  out  of  the  steel  main,  indicates  that  the 
main    Is    in    as    pood    condition   as    might    be   expected   after 


places  of  areas  from  ',   !•>  30  -iuare  inches  in  area  scattered 

be  interior  surface,  which  vary  in  depth   from  1/16  to 

in  the  thickness  of  the  plate 

at  these  points  of  from  20  to  i     pei  cent,    it  Is  probable  that 

.  or  portion  of  this  pitting  occurred  during  the  earlier 

i  the  pipe  in  service,  and  that  their  growth  has  slowed 

up  somewhat,   hut   it   can  readily  be  grasped  that  the  years 

[ongei  thai  the  pipe  line  will  continue  to  give  the  remarkable 

i   thai  it  lias  given  di  (rears  are  probably 

numbered,  and  that  probably  within  the  next  12  to  15  years 

at  longest  it  is  likely  to  begin  to  cive  trouble. 

An  examination  of  the  exterior  of  the  pipe  would  indicate 
little  if  any  deterioration  of  the  plate  on  the  outside,  which 
means  that  the  Boil  condi  'lie  pipe  line  right  of  way 

have  been  most  favorable,  and  that  the  necessity  for  frequent 
examination  on  the  outside  to  detect  trouble  is  not  going  to 
be  so  necessary  as  a  frequent  examination  inside  from  now  on. 


36-Inch  Section  Cut  in   1921  from  48-Inch   Pipe   Laid   in  1898. 

twenty-two  years  of  service.  The  outside  of  the  pipe  is  in 
perfect  condition,  but  about  one-half  of  the  area  of  the  inside 
is  more  or  less  pitted.  Some  of  these  pittings  are  small  in 
area  and  quite  deep  (the  deepest  being  about  %  in.,  or 
approximately  40  per  cent  of  the  original  thickness)  while 
others  are  of  larger  area  and  very  little  depth.  A  photograph 
of  the  interior  of  the  piece  which  was  cut  out  is  herewith 
shown.  The  piece  of  steel  has  been  cleaned  with  a  wire  brush 
with  the  exception  of  the  small  rough  part  of  segment  in  the 
upper  part  of  the  picture. 

Mr.  Conrad's  report  of  the  condition  of  the  steel  main,  as 
indicated  by  the  piece  which  was  removed,  is  herewith 
presented. 

An  examination  of  the  interior  of  the  4S-in.  steel  force  main 
immediately  adjacent  to  the  gate  near  where  the  Middleboro 
Road  crosses  the  line,  at  what  is  known  as  Beaver  Dam, 
disclosed  that  the  interior  is  tuberculating  considerable  and 
that  almost  without  exception  wherever  there  is  an  accumu- 
lation of  iron  oxide  there  is  a  depression  or  pit  in  the  wall  of 
the  pipe  which  varies  in  depth  from  1/64  to  %  of  an  inch 
and  there  are  some  that  would  go  beyond  %  of  an  inch  in 
depth.  In  the  pipe  itself  it  would  be  unwise  to  disturb  these 
tubercules,  as  unless  the  surface  was  thoroughly  cleaned  and 
a  protective  coating  put  on,  the  rate  of  growth  of  the  pit 
would  be  accelerated. 

At  the  place  where  the  interior  of  the  pipe  was  examined, 
a  piece  of  pipe  about  36  in.  in  diameter  was  cut  out  to  pro- 
vide for  a  cross  connection  with  the  48-in.  cast  iron  line, 
which  is  being  constructed  to  connect  with  the  36-in.  pipe  at 
<;ity  line  and  Acushnet  avenue.  A  calibration  of  this  piece  of 
pipe  would  indicate  that  the  thickness  of  metal  runs  fully  as 
heavy  as  was  called  for,  namely — 5/16  of  an  inch.  It  was 
not  attempted  to  count  the  number  of  pittings  in  this  piece  of 
plate,  but  there  are  at  least  200  and  probably  250  or  more 


Discharge  Capacity  of  Wood  Pipe  and 
Formulas  for  Calculating  Flow* 

By  J.  W.  LEDOI'X. 

•  Phlladelphii 
Much  has  been  written  concerning  the  formula  for  flow  in 
wood  pipe.  The  writer  is  of  the  opinion  that  the  formulas 
such  as  Hazen  and  Williams,  Chezy  and  others,  for  new  cast 
iron  pipe  are  applicable  to  wood  pipe  of  any  age.  It  is  quite 
probable  that  the  flow  through  a  perfectly  new  straight  cast 
iron  pipe  would  be  slightly  greater  than  for  wood  pipe  of 
some  age.  due  to  the  fact  that  the  interior  surface  of  the  wood 
is  more  liable  to  have  attached  to  it  a  film,  or  scum,  which 
slightly  reduces  the  flow. 

The  difference,  however,  is  not  very  material,  but  for  many 
situations  the  reduction  in  flow  in  cast  iron,  even  in  a  very 
few  years,  makes  the  discharging  capacity  of  the  wood  pipe 
much  superior.  For  soft  mountain  waters  and  those  of  the 
Coast,  where  the  color  is  high,  cast  iron  pipe  is  likely  to 
reduce  within  ten  years,  more  than  20  per  cent  of  its  original 
capacity,  due  to  tuberculation.  Wood  pipe  is  entirely  free 
of  this  difficulty. 

The  writer  made  very  careful  and  repeated  tests  of  the 
flow  through  10  miles  of  24-in.  wood  pipe  where  the  velocity 
was  about  4  ft.  per  second,  and  found  the  coefficient  in  Chezy's 
formula  to  be  111.  In  this  case  the  pipe  was  not  perfectly 
round.  If  it  had  been  round  the  flow  would  have  increased. 
This  phase  of  wood  pipe  operation  is  very  important.  Where 
the  pipe  is  in  a  trench  with  a  considerable  fill  over  it  and 
the  pressure  low,  the  pipe  will  assume  an  oblate  form,  the 
vertical  diameter  being  materially  less  than  the  horizontal. 
The  effect  is  to  reduce  the  hydraulic  mean  radius  and  con- 
sequently the  flow.  When  the  pressure  is  increased  mate- 
rially, the  pipe  will  become  more  nearly  circular  in  form,  and 
the  coefficient  will  correspondingly  increase.  This  is  one 
reason  why  a  great  deal  of  trouble  is  experienced  with  leak- 
age in  wooden  pipes.  If  it  is  subject  to  low  pressure  when 
installed  and  then  after  some  years  the  pressure  is  increased 
materially,  leakage  is  apt  to  develop  along  the  staves  as  well 
as  in  the  joints.  The  remedy  is  to  constantly  operate  this 
class  of  pipe  under  fairly  uniform  pressures. 

Calculation  of  Flow  for  Wood  Pipes. — There  are  many  wood 
pipes  in  service  for  flumes  of  short  lengths,  and  an  engineer 
is  often  at  a  loss  to  know  how  to  calculate  the  flow  in  a  very 
short  pipe.  The  main  point  is  to  take  account  of  the  various 
losses  of  head  that  occur.  The  following  formulae  will  apply 
to  any  pipe,  be  it  short  or  long: 

(1)  .3927  D'  :  H1  : 

Q  =  -— 

VL 
—  +  .00582D 
cs 
in  which  Q  —  cu.  ft.  per  second. 
D  =  diameter  in  feet. 
H  =  total  head  in  feet. 
L  =  length  in  feet. 
c  =  Chezy's  coefficient. 
Where  the  flow  is  in  gallons  per  24  hours,  and  the  diameter 
of  the  pipe  is  in  inches,  the  formula  becomes: 

•From  a  paper  presented  at  the  recent  annual  convention  of  the 
American  Water  Works  Association. 


(127) 


!  Contra  ting    for  Jum     14,    1922. 


(2) 

q  = 


.  i. 

—  • 

in  »lu<  h  i] 

d  =  diameter  of  the  plpi 
■  mulae  allow   I 
equal  to  ball  the  veloi  u>  bead 

111  be  Doted  that  (1)  la  a  mi  irmula, 

and  if  this  I  e  reduced  to  veloi  II 
per  thousand,  and  the  :  nltelj    long,  the  formula 

v  — 

in  w lni  h  i>      diameter  h 

h  =  head  In  feet   per  thousand 
rlj   all  the  Investigators  »t  the  flow  through  pipe  have 
concluded  that  the  ih./.y    formula   cannol    be   used  with  ac- 
unlesa  the  value  ol  C    is  changed   to  correspond   to 
different  diameters  ol  pipe. 

S   Williams,  Mm  it/,  and  others  I 
ireful  studj  of  the  flow  ol  water  In  pipi  -.   ind  Scobey's 
results    and     Haien    \-    Williams'   corn    pond    .erj    closely. 
Taking  Scobey's  results  on  the  basis  of  a  loss  duo  to  friction 
(if  l  fi    per  thousand,  we  have 

For    an    3    ft.    |ni 

134 
Por     i      1     ft,     I'll"      C       Us 

i    formulae  ol  Hs  en  S   Williams  would  give  practically 

tine  r. -suits.  although   slightly   smaller,  but   it   is  much 

more  convenient  to  use  the  Chexj    formula  even  11  we  give 

to  C  different  values  corresponding  to  the  diameters  ol  the 

Si.. ins.-  the  formula  can   be  reduced  to  such   a  form 

I  allow   for  velocity  and  entrance  beads,  which  is  not 

able  with  the  other  formulae. 

It  is  generally  supposed  that  :ill  thi 

i>  with  the  square  ol  the  velocity.  The 
Importance  ol  having  a  formula  that  Is  applicable  for  any 
length  ol  pipe  Is  shown  by  the  tact  that  where  only  friction 
is  taken  into  account,  we  would  ha-  ty  in  a  12-lt 

•ml.  while  if  the  pipe  were   1,000  ft. 
long  to  ty  would  l<"  only  4.4  ft.  per  second. 


Water  Hammer  in  Wood   Pipes* 

By  .1    W    L.EDOUX, 

it  must  lie  understood   that   wood   pipe   is   as  much  subject 
■  r  hammer  as  is  any  othi  i|   the  pressure 

insideration  must  i»-  given  to  the  possibility  of  material 
to  water  hammer.    There  are  many  causes  for 
water  hamtn<>r.    When  the  water  In  a  long  pipe  is  flowing  at 
a  high  veh, city,  if  a  gati     -  Bhul   down  quickly,  the  velocity 
iced,  and  the  inertia  ol   the  moving  column  of  water 
■     increased  pressure     if  the  lini    i-  flowing  by  gravity, 
and  a   heavy  draft   takes    place   in   a   low   portion  of  the  line, 
the  discharge  may  in-  greater  than  the  upper  flatter  portion 
ol  the  pipe  line  is  able  to  supply,  in  which  case  the  column 
avipg  a   partial    vacuum  in  a 
d  ol  the  pipe  line.    This  can-  ition  of  the 

moving  column,  so  that  if  the  draft  ced  thi 

thei      '    'ti   Indefinitely  hi 
iter  hammer.    The  practical  i 
fur  ti  u  ge  'auk     oi    thi  li    equ 

The  •  formula  toi 

027  I.V 

P  = 

T 
.-li,  ol  the  pipe  in 
V 
T  =  the  time  ol  I  \  eloclty. 

oi    tim 
bydi 
The  ,!i  reach  a  certain  limit  which  depends  on 

ri».'t ),  oi  pipe,  the  diameter,  thlcl  the  quality 


Formula  tor   Water  Hammer  for   Wood   Pipe.   -To  deduce  a 

rational  formula  for  water  bai ir  tor  wood   pipe  to  apply 

to  a  case  when  the  velocitj  of  water  is  slopped  suddenly  is 
a  complicated  process  and  at  best  uncertain.  This  branch 
of  hydraulics,  even  for  the  simplest  case,  is  more  or  less  In- 
volved, and  where  we  h  oed  effect  ol  the  elas- 
ticity of  tin-  wood,  oi  tie  teel  band  and  oi  the  water,  the 
complication    is    Immeasurably     Increased       Howi 

>  is  not  essential  in  anj  ca  e,  because  'he  causes  ami 
vater  bammi  r  are  subject  The 

simplest   formu 

(7 1    /8970Et 


ell 


band 

shell. 


I 

in  «hich  E      tin-  coefficient  ol  tin 

t    =_    thill.  11.  '.ll     of     th. 

the   hand. 

U  —  diameter  oi  tl        i-    in  inches 
V  =  velocity   in   ti  <"i   suddenlj 

p       pressure   In    pounds    per  square   inch   due  to 
water    hammer,    tor    instantaneous   extin- 
guishment i       ■  locitj 
294,000      coefficient  ol  -     itl<  Its  of  watei 

For  steel  hands  ha\  Ing  a  i  oi  '    lent  of  elastlcltj  ol  28, - 

thi-  formula  reduces  to 


(8)     p  =  v(    - 


ii  example,  assume  the  pipe  to  be  24  In.,  10,000  ft.  long, 
thickness  ol  hand  >„  in,  velocitj  5  ft.  per  second.  11  thi 
velocity  is  suddenly  stopped,  p  would  equal  181  lbs.  per 
Bquare  Inch.  By  applying  the  mndamental  formula  it  is  seen 
that  if  the  velocity  is  Btopped  in  7.4  seconds,  or  less,  the 
i.     .It   would  be  the  same  as  if  it  were  stopped  instantly 

incidentally  it  will  be  noted  thai  the  effect  ol  sudden  stop- 
ping is  independent  of  the  length  ol  the  pipe  and  as  the 
water  hammer  can  never  be  greater  than  that  due  to  sudden 
we  have  a  certain  amount  of  insurance  against  the 
effect  ol  closing  valves  too  quicklj  However,  this  insurance 
is  more  imaginary  than  real,  because  In  both  formulas  the 
pressure  due  to  water  hammer  is  proportional  to  the  velocity 
reduced,  and  there  are  many  conditions  which  will  produce 
accelerating  and  unduly  high  velocities,  as  for  instance,  a 
high  rate  of  draft  at  a  low  portion  of  a  pipe  line;  the  sudden 
release  of  an  accumulation  ol  air,  or  anything  that  will 
produce  a  temporary  vacuum  in  a  portion  of  tin-  line.  Any 
one  of  these  conditions  will  can  □  acceleration,  and  water 
will  run  down  tin-  incline  according  to  the  law  of  falling 
bodies,  and  develop  an  Indefinitely  high  velocity,  which  is 
suddenly  extinguished  when  II  o  ■  el  the  -till  i  olumn  of  water 
ahead. 

Methods  of  Preventing  Water  Hammer.  The  practical  as- 
pect of  this  matter  is  that  everything  possible  should  be  done 
to  prevent  water  hammer.  Tie-  mosl  effective  remedies  are 
in  gravity  lines  to  divide  the  total  length  into  short  sections 
by  leveling  reservoirs  or  surge  tanks,  and  to  provide  a  good 
design  of  automatic  air  valve  on  all  the  summits.  For  pump- 
ing where  the  line  is  long,  water  should  he  pumped  into  an 
elevated  reservoir  or  standplpe  close  to  the  pumping  station, 
and  if  this  is  impracticable,  large  an-  chambers  should  be 
used,  and  meaVis  for  (barging  them  with  air.  Where  the 
pumps  are  centrifugal  and  run  bj  electrii  it'-,  the  power  occa- 
ally    goes  off   suddenly        lie    column    of    water,    however, 

continues  on  some  distanci     causing  a  reduction  ol  pressure 

at  the  pumps  often  below  the  , ,i,.  re     The  water  column 

will  then  recede  by  gravity  until  n  reaches  the  check  valve 
at  a  high  velocity,  and  as  lor  this  situation,  air  chambers 
are  not  usually  provided,  a  serious  water  hammer  takes  place. 
which  is  the  cause  of- a  great  many  broken  discharge  mams. 
A  simple  remedy  is  to  connect  the  discharge  main  outside 
of  the  cluck  with  a  tank  kept  full  of  water  and  between  the 
tank  anil  tie  OUld  be  a  check  valve  opening 

outwardly.     The  main  will   then   he   kept    full  ol   water,  and  as 

soon  as  the  velocitj  is  reduced  <"  eero  the  column  ol  water 
will  not  recede  ami  no  water  hammer  will  take  place 


- 


New    England    Waterworks    Association    Outing.      A 

te   Dam  ami  other  point     ol    Intere  I    will  in-  made  by 
■i       •     ociation   and   Hun-   friends  on   June  27 

Party    assembles    at     11    »"    ■'      m      nit    id.      the    W68l     p.oi 

Providence   I  nlon  Station      Returning,  arrive  Union  station 
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Concrete   Pipe  with  Improved   Joints 
as  Used  in  St.  John,  New  Brunswick 

Features  Developed  in  the  United  States  Adopted 
by  Canadian  City 
G  in.  reinforced  concrete  supply  line,  about  4  miles  long, 
was  recentlj   laid  by  the  citj   ol  St.  John  to  supplement  its 
pply.    The  following  account   of   the   pipe, 
giving  special  attention  to  the  joints  is  taken  from  thi 
tract   Record,  Toronto. 

This  pipe,  the  design  of  which  is  patented,  has  a  4  in.  wall 
and  is  made  of  concrete,  reinforced  with  steel  bars  and  trian- 
gular wire  mesh.  It  is  built  in  12  ft  lengths,  into  one  end  of 
which  is  moulded  a  cast  iron  machined  bell  ring  and  into 
the  other  end  B  cast  iron  machined  spigot  ring.  The  process 
of  manufacture  involves  the  securing  of  these  two  rings. 
along  With  the  longitudinal  and  circumferential  reinforcing 
nto  a  firm  cage  pipe,  which  cage  can  be  handled  as  a 
unit  and  the  elements  of  which  are  securely  fixed  in  the 
proper  positions  with  the  result  that  each  linear  foot  of  pipe 
as  manufactured  has  arranged  within  n  exactly  the  quantity 
of  reinforcement  designed  and  at  the  exact  spacing  desired. 
Six  longitudinal  bars  of  %  in.  round  steel  servo  as  the  frame- 
work of  the  cage,  and  at  the  same  time  by  means  of  hooked 
ends  they  set  are  at  proper  distances  the  cast  iron  bell  and 
spigot  rings  To  these  longitudinal  bars  are  secured  the 
circumferential  mesh  or  bars,  as  the  case  may  be.  When 
circumferential  bars  are  used  they  arc  each  tied  firmly  to 
each  of  the  longitudinals  by  means  of  crimped  steel  ribbon 
1/16  in  the  crimps  in  each  ribbon  are  at  the  proper 

centering  for  fixing  the  bar  hoops.  The  pipe  in  question  is 
for  use  under  hydrostatic  heads  of  from  20  ft.  to  7s  ft.,  corre- 
sponding with  the  elevation  of  the  trench  bottom  along  the 
profile  of  the  line. 

The  steel  in  this  pipe  is  designed  for  operations  under  static 
head  at  a  stress  of  12.000  lb.  per  square  inch.  The  bar  in  each 
hoop  is  lapped  on  itself  thirty  diameters,  and  iliese  laps  in 
conservative  hoops  in  the  cage  are  spiralled  around  the 
periphery. 

The  concrete  used  in  the  manufacture  of  this  pipe  was  all 
screened  sea-beach  gravel  and  sand,  the  maximum  size  gravel 
being  about  %  in.  in  diameter,  all  over  size  being  crushed. 
This  class  of  material,  which  was  the  only  material  available 
for  the  purpose,  was  quite  harsh,  although  fairly  graded,  and 
to  overcome  this  defect,  which  would  otherwise  have  caused 
segregation  during  the  pouring  of  the  concrete  and  leakage 
through  the  wall  of  the  pipe  thereafter,  addition  of  about  2 
per  cent  of  clay  was  made,  the  result  being  a  very  "fat"  mix- 
ture and  one  which  flowed  easily  into  the  narrow  forms  and 
thoroughly  about  the  reinforcing  steel  with  a  minimum  of 
separation  of  the  stony  aggregate  and  a  minimum  loss  of  the 
water  of  the  concrete.  This  class  of  concrete  is  necessarily 
poured  quite  wet  through  not  so  wet  that  the  gravel  or  coarser 
particles  will  sink  or  fail  to  float  in  the  fluid  mass.  In  order 
to  insure  a  water-tight  body  round  about  the  bell  and  the 
spigot  rings  those  portions  of  the  pipe  were  moulded  with 
mortar  rather  than  with  concrete.  The  pipes  were  cast  on 
end  within  steel  forms  and  the  deposited  concrete  was 
thoroughly  sliced  and  worked,  special  care  being  given  to  the 
complete  and  thorough  filling  and  working  of  the  upper  or 
end  of  the  pipe  wall. 

The  forms  within  which  this  pipe  is  moulded  consist  of 
cylinders  of  3/16  in.  plate,  carefully  assembled  to  accurate 
dimension.  When  in  upright  position  the  inner  and- outer 
forms  rest  upon  finished  cast  iron  base  rings,  being  held  in 
respective  proper  positions  by  means  of  circumferential  head- 
ings upon  these  bases.  For  the  manufacture  of  twelve  pipes 
per  day  or  144  ft.  of  pipe,  thirty-six  of  such  bases  were  in 
constant  use  along  with  twelve  inner  and  outer  forms  and 
twelve  spigot  moulds.  In  order  to  release  these  forms  each 
day  the.  temperature  of  the  fluid  concrete  is  kept  in  the 
neighborhood  of  100  deg.  by  means  of  heavy  duck  coverings. 
The  inner  and  outer  forms  are  so  designed  as  to  be  capable 
the  one  of  contraction  and  the  other  of  expansion  so  that  each 
may  be  lifted  clear  of  the  comparatively  green  concrete  pipe 
w-ithout  injury  thereto.  The  surface  of  the  forms  is  kept  abso- 
lutely clean  and  true  and  is  oiled  before  being  used.  This 
practice  of  oiling  metal  surfaces  is  applied  throughout  the 
entire  job  to  all  vehicles  or  containers  of  the  wet  concrete, 


such  as  tin-  mixers  and  conn,  te  distributing  bucket  and  the 
concrete  chute  or  hopper  w  i  i  h*-  product  of  the 

mixers    This  precaution  i  preventing  the  accumu- 

lation ami  accidental  inclusion  of  dead  concrete  within  fresh 
rete. 
The  joint  which  is  used  for  this  line  of  water  supply  is  one 
which    was    devised    during    1917.     It    has,    it    is    said,    been 
thoroughly  tested   in   tbi  models  and  of  full-sized 

test  sections  from  IS  in.  to  18  in  in  diameter,  and  has  been 
applied   to  water  service   tor   Kansas  City,   tor  Cumberland, 

Md..  in  Massachusetts,  and  'lining  1921  was  also  built  into 
.".  miles  of  line  tor  Norfolk.  Va..  which  latter  proposition  was 
also  of  36  in.  pipe. 

As  stated  above,  this  pipe  carries  a  machined  cast  iron 
bell  and  a  machined  cast  iron  spigot — see  the  illustration. 
Within  the  bell  casting  is  cut  a  wedge-shaped  groove  of  about 
%    in.  width;    the  surface  of  the   spigot  ring  is  finished  con- 


Cast  iron  ring.  Machined  face 
Longitudinal  reinforcement       Girth  bars- 


Details  of  Joint   In  St.   John   Concrete   Main. 

ically  for  part  of  its  length  and  cylindrically  for  the  remain- 
der or  working  portion  of  the  length  of  the  spigot  ring.  The 
joint  between  spigot  and  bell  of  consecutive  pipes  is  made 
water-tight  by  means  of  an  elastic  lead  pipe  gasket.  This 
gasket  consists  of  a  relatively  light  weight  lead  pipe  of 
diameter  not  exceeding  %  in.  standard,  within  which  pipe  is 
drawn  a  good  filling  of  cotton  wicking.  The  lead  pipe,  so 
filled  with  cotton,  is  cut  to  proper  length,  rolled  to  an  ellipti- 
cal section  and  then  soldered  into  a  complete  hoop.  This 
hoop  is  of  diameter  to  fit  into  the  wedge-shaped  groove  in 
the  bell  casting,  and  the  gasket  is  then  caulked  by  forcing 
the  adjacent  pipe  into  place,  the  taper  end  of  the  spigot 
wedging  the  gasket  radially  into  its  seat  so  that  it  ultimately 
rides  upon  the  cylindrical  surface  of  the  spigot.  The  assembly 
of  such  a  joint  requires  considerable  longitudinal  force,  which 
is  applied  by  means  of  long  holts.  The  work  in  the  trench 
is  limited  to  this  assembly  and  can,  it  is  said,  be  carried  out 
in  all  weathers  and  under  all  trench  conditions,  even  when 
the  trench  floor  is  submerged.  This  type  of  joint  has,  we 
understand,  proved  water-tight  under  high  pressure  and  even 
by  the  use  of  steam  pressure  up  to  a  temperature  approach- 
ing the  melting  point  of  lead.  The  joint  when  assembled  is 
flexible  and  will  conform  to  irregularities  in  the  settlement 
of  trench  foundation.  It  is  a  true  expansion  joint,  its  water- 
tightness  not  being  affected  by  changes  in  the  temperature 
of  the  flowing  water  which  will  cause  changes  in  the  gross 
length  of  the  pipe  line.  A  continuous  cylindrical  inside  sur- 
face is  provided  in  a  pipe  so  designed  with  a  resultant  large 
capacity. 

The  work  was  carried  out  by  the  council  of  the  city  of  St. 
John,  operating  through  its  commissioner  of  water  and 
sewerage.  Mr.  J.  B.  Jones,  and  its  city  engineer,  Mr.  G.  G. 
Hare.    The  contractor  was  Canada  Lock  Joint  Pipe,  Limited. 


Both  houses  of  Congress  have  passed  bills  permitting  the 
execution  of  plans  for  port  improvements  as  worked  out  by 
the  Port  of  New  York  Authority.  Legislatures  of  both 
States  have  already  approved  these  plans,  and  it  now  appears 
probable   that  the  work   will  be  undertaken. 
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Water    Softening  as  a  Factor  in 
Municipal  Supply* 

Uy    \\  \\     M 

I 

It  is  almost  an  axiom  that  a  g  Bential 

of  a  municipals     Git    I  Improvement  has 

n  recent  yean  m  th(      lalitj  rapplled 

smaller  town  nntry.    This 

ImproTement  has  I  ^  un" 

•ding  of  the  direct  benefit  to  1         rived  In  the  health 

II    is  natural  then 
that  the  first  great  lmpr<  ■"«  sanitary  lines. 

There  is  no  longer  anj  typhoid  re- 

sulting from  contaminated  water  supply,  since  modern  meth- 
ods of  sterilization  aaeuri  it  a  nominal 
expense. 

tently,  however,  an  adequate    rolumi  mnot 

una  which  may  not  only  be  polluted 
but  usually  carry  a  considerable  quantity  of  sus- 
I  matter,  which  makes  the 

U  a<  unpalatable.    This  !  "  l,een 

Improved  by  nitration,  which  in  combination  with  sterilization 
jlit  |  of  efficiency  that  it  is 

within  v~  '  iv'l'za- 

ti..n   advances   our  demands  are   more   exacting   and   all  of 
nents   reach   a  higher  and    higher    plane   as   the 
for  satisfying  requirements  are  made  easier. 
While  public  offli  onslderable  attention  to 

sanitation  and  to  public  health,  by  delivering  to  the  people  a 
safe  water  and  one  of  good  appearance,   it    is  rare  to   find 
officials  considering  the  comfort  of  the  housewife,  the 
convenience  of  the   manufactu  economics  of   his 

factory  when  making  provisions  for  municipal  water  supply. 
The  Soft  Water  of  Portland.— Some  of  our  cities  have  been 
especially  blessed  by  nature  by  having  a  pure,  clear,  cold 
soft  water  delivered  almost  at  their  doors  under  ample  pres- 
.vith  nothing  left  to  be  done  but  to  install  the  distrib- 
uting system.  Such  a  city  is  Portland.  Ore.,  where  the  melting 
snows  of  Mount  Hood  collect  in  a  natural  reservoir  and  dis- 
charge into  a  stream  at  an  elevation  far  above  the  city.  This 
stream  is  well  protected  and  the  pipe  line  collects  the  water 
at  such  an  elevation  as  to  give  satisfactory  distribution.  This 
water  is  as  near  to  absolute  purity  as  nature  can  supply. 

;.sis  shows  less  than  1.5  grains  of  dissolved  mineral 
solids  per  gallon,  with  practically  no  organic  matter.  This  is 
an  ideal  water  for  all  purposes  and  is  one  of  the  cheapest 
supplies  in  the  country.  The  absence  of  hardness  in  this 
water  makes  the  soap  consumption  of  this  city  one  of  the 
lowest  in  the  country. 

The  Supplies  of  Los  Angeles  and  Omaha.— Other  cities  have 
had  to  brine  their  water  hundreds  of  miles  at  great  expense 
to  provide  even  a  safe  water  supply  of  ample  proportions. 
Los  Angeles  brings  its  water  from  a  source  265  miles  distant 
at  enormous  cost,  but  it  has  a  good  sanitary  supply.  This 
water  contains  1.65  lb.  of  soap  destroying  material  per  1,000 
gal.  of  water.  This  will  consume  1.1  lb.  of  good  laundry  soap 
costing  10c  or  more.  If  used  for  household  purpos. 
must  be  added  to  the  cost  of  the  water. 

iha  city  water  contains  about  3  lbs.  of  soap  destroying 
material  per  1,000  gal.  of  water,  although  it  varies  consider- 
ably with  the  season  and  at  times  contains  more  than  this. 
For  a  little  more  than  lc  per  1,000  gal.  most  of  the  carbonate 
hardness  could  be  removed  and  the  soap  consumption  be 
■ 
The  same  jp  true  of  most  of  the  I  Itlei  using  Missouri  River 

r,  demanding 
Id  the  proper 
ling  lime. 
It  h  ty  of  Omaha 

[1   10  per  cent 
of  the  total  Bupply  li  used  wit]  saving 

of  the 
comfort  and 

YVh.  m  middle  v  •  I  upon 

as   being   unusually    hard,   there   are    boh  •  n    less 


favorably  loeated  where  underground  waters  are  used.  While 
the  water  is  perfectly  clear  and  sanitary  it  carries  so  much 
material  in  solution  that  the  stranger  wonders  what  the  peo- 
ple in  that  locality  do  when  they  want  a  bath. 

The  Manufacturer  Prefers  Soft  Water.— If  a  manufacturer 
Is  considering  the  possibility  of  a  new  location,  the  city 
having  a  pare  soft  water  will  be  given  preference  over  the 
one  having  a  hard  water,  B  imlng  that  other  conditions  are 
equal,  it  is.  therefore,  to  •'  advantage  of  a  community  as 
a  whole  to  offer  a  satisfactory  Industrial  water  supply  to 
those  who  are  seeking  local  ons  for  new  industries.  But  the 
manufacturer  is  not  the  onl>  one  to  be  considered,  nor  should 
it  be  BO.  If  you  consider  the  greatest  good  to  the  greatest 
number,  we  should  reach  al  »ses  ol  citizens  and  there  are 

i,w  in  any  community  who  do  not  use  soap.  If  there  be  such 
I  will  venture  to  say  he  would  not  object  to  taxation  on  that 
ground. 

The  comfort  and  econoi  of  the  housewife  affects  the 
whole  people,  and  there  la  bo  improvement  that  would  meet 
with  more  favor  In  the  ;han  the  production  of  a 

Boft  water  from  one  that  bi  -  bi  en  disagreeably  hard. 

Water  Softening  at  St.   Louis.— Many   people   will  say   that 
ng  a  municipal  Bupplj    is  too  expensive.     The  city  of 
st.  Louis  lias  not  found  it  bo,  and  they  produce  more  than  a 
hundred  million  gallons  i  iter  per  day.     It  is  a  note- 

worth:  0  that  city   from   many  other 

.Middle  Western  points  comment  favorably  upon  the  soft  char- 
acter of  that  r  supply.  The  total  hardness  is  re- 
duced approximately  60  per  cent  I  do  not  mean  that  it 
would  be  feasible  to  remove  all  of  the  scale  forming  salts 
from  the  city  supply,  lint  tbi  removal  of  the  carbonate  hard- 
ness makes  a  vast  differ,  nee  in  the  washing  qualities  of 
water,  and  adds  much  to  the  comfort  of  the  people,  and  while 
the  people  may  pay  a  premium  on  such  a  water  they  are 
simply  transferring  the  charge  to  the  water  account  from 
the  soap  account.  It  is  certainly  cheaper  to  remove  the  car- 
bonate hardness  with  lime  than  with  soap.  Most  of  the  cities 
that  treat  their  water  supply  in  this  way  do  not  attempt 
to  remove  all  of  the  carbonate  hardness  as  some  consider  It 
more  palatable  if  all  of  the  hardness  is  not  removed.  If  the 
water  is  well  aerated,  this  objection  does  not  hold. 

In  addition  to  this  there  are  other  advantages  to  be  gained 
in  the  water  purification  process  itself  by  the  use  of  lime, 
which  is  added  primarily  for  the  purpose  of  softening  the 
water.  We  have  in  our  own  city  a  water  system  in  which 
filtration  does  not  play  a  part,  and  as  a  result  there  are  times 
when  this  water  is  not  perfectly  clear.  It  is  possible  by 
using  a  sufficient  amount  of  lime  to  remove  a  large  portion 
of  the  carbonate  hardness,  to  obtain  a  clear  water  even  with 
a  reduction  of  the  amount  of  alum  used  for  coagulation. 

The  up-to-date  industrial  plant  in  this  city  has  provided 
itself  with  a  complete  water  softening  equipment  purely  as  a 
matter  of  economy  without  any  coagulant  other  than  the 
precipitates  formed  by  the  reaction  between  the  lime  and 
soda  ash  with  the  scale  forming  salts  contained  in  the  water. 
This  applies  to  plants  using  raw  Missouri  River  water  as  well 
as  those  using  the  clarified  city  water.  Nor  does  this  exempt 
the  municipal  industries  themselves  who  have  found  it  to 
their  advantage  to  install  such  treatment.  From  this  treat- 
ment a  surprisingly  clear  water  is  obtained  which  gives  little 
trouble  in  boilers  from  the  formation  of  scale  and  which 
yields  a  substantial  return  on  the  investment  in  the  efficiency 
of  operation  and  economy  in  maintenance  of  the  power  plant. 
I  do  not  mean  to  advocate  here  that  filters  should  not  be 
used;  I  believe  that  any  city  Is  entitled  to  the  best  water  that 
can  be  produced  and  therefore  believe  in  filtration  following 
coagulation  and  softening  with  ample  settling  basins  to  clarify 
it.  Such  treatment  greatly  reduces  the  amount  of  filtering 
area  required  and  therefore  the  initial  cost  of  filters,  as  well 
as  the  operating  • 

There   are  many  people  who   consider  softening   of  a   mu-  i 

nicipal   supply   an    unnecessary    refinement   but    I    submit   to 

you  that  if  a  water  can  be  furnished  with  more  than  50  per 

of  the  hardness  removed,  at  a  cost  of  from  ope  to  two 

■.,.,    l. gal.,  that   such   an   operation   would   pay   and 

be  greatly  appreciated  by  a  large  number  of  citizens.  This 
method  is  particularly  applicable  to  city  plants  where  turbid 
re  are  taken  from  the  streams  and  clarified  by  coagula- 
tion and  settling.  The  di  i  •  ary  softening  equipment  can  be 
metalled  on  such  a  plant  at  a  nominal  cost.  I  know  of  no 
.  ment  involving  so  small  an  expenditure  that  would 
meet  with  such  universal  approval  in  the  community. 
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Water  Purification  Plant  Operation  in  Illinois 

Data   on   Plants   Given   in   Paper   Presented    March  29,    at  Annual    Meeting  of  Illinois 
Section  of  American  Waterworks  Association 

By  M.  W.  COWLES, 


The  first  purification  plant  in  Illinois  was  built  in  1S85  in 
East  St.  Louis,  followed  by  Streator  in  1SS9  and  Quincy  in 
1891.  Since  that  time  the  original  plants  have  been  largely 
replaced.  At  the  present  time  there  are  in  Illinois  39  sup- 
pli.  -  subjected  to  fairly  complete  purification;  2  supplies  that 
are  softened;  2  supplies  where  iron  is  removed;  14  supplies 
which  are  more  or  less  continually  sterilized  by  the  use  of 
liquid  chlorine  or  hypochlorite  without  coagulation  or  filtra- 
tion, and  4  supplies  where  sterilization  is  used  only  under 
emergency  conditions. 

The  population  supplied  by  the  39  water-purification  plants, 
on  the  basis  of  figures  given  by  the  1920  census,  amounted  to 
589.3S5;  by  the  IS  sterilization  plants.  3,074,000  (including 
go),  and  bv  the  iron-removal  and  softening  plants,  53,515, 
making  a  totaf  population  of  3,697,231,  which  is  supplied  by 
artificially  treated  water. 

The  various  processes  by  which  water  is  purified,  excluding 
softening  and  iron  removal,  can  be  considered  to  take  place 
In  tour  different  stages  (1)  preliminary  treatment,  including 
pre-sedimentation,  aeration,  etc.;  (2)  coagulation  followed  by 
sedimentation;  (3)  filtration;  and  (4)  sterilization.  For  con- 
venience, the  first  two  groups  will  be  discussed  together  as 
treatment  preliminary  to  filtration. 

Treatment  Preliminary  to  Filtration.— Of  the  water-purifi- 
,  at  ion  plants  in  Illinois  only  that  at  East  St.  Louis  is  pro- 
vided with  pre-sedimentation  basins,  used  prior  to  the  addi- 
tion of  coagulative  chemicals. 

Aeration  facilities  for  the  raw  water  before  it  enters  the 
mixing  chambers  or  coagulating  basins,  are  available  at  Dan- 
ville. Jacksonville  and  Murphysboro  for  use  whenever  growths 
of  taste  and  odor-producing  organisms  occur  in  the  reservoir 
water.  At  Danville,  a  splash  aerator,  consisting  of  vertical 
pipes  discharging  onto  circular  perforated  shields  or  "um- 
brellas" is  used.  The  arrangement  at  Murphys"boro  is  some- 
what similar  but  consists  of  a  vertical  pipe  discharging  into 
the  air  about  3  or  4  ft.  above  the  level  of  the  water  in  the 
chamber  into  which  it  falls.  At  Jacksonville,  spray  nozzles 
operated  by  gravity  flow  from  the  reservoir  are  used. 

The  total  sedimentation  and  coagulation  period  used  varies 
for  water  from  storage  or  impounding  reservoirs  from  2.1 
hours  at  Pontiac  to  9.6  hours  at  Streator  and  for  water  from 
streams  from  2.2  hours  at  Moline  to  18.0  hours  at  Rock  Island. 

At  East  St.  Louis,  assuming  a  normal  daily  raw-water  pump- 
age  of  20  million  gallons,  the  pre-sedimentation  period  alone 
amounts  to  about  5%  hours  and  the  coagulation  period  about 
9%  hours.  This  period  is  probably  sufficient  during  times  of 
low  turbidity  and  relatively  low  bacterial  content,  but  during 
times  of  high  turbidity,  or  at  times  when  the  water  is  rather 
highly  polluted,  this  period  is  insufficient  and  causes  over- 
loading of  the  filters  and  a  poor  quality  of  filtered  water,  prior 
to  chlorination. 

At  Rock  Island  and  Streator,  the  basins  are  arranged  so 
that  sedimentation  prior  to  coagulation  could  readily  be  per- 
mitted and  more  economical  and  possibly  somewhat  better 
operation  of  the  plant  as  a  whole  could  be  obtained  in  this 
manner.  At  other  plants  supplied  either  from  streams  or 
from  small  reservoirs  where  the  variation  in  suspended  ma- 
terial is  considerable,  better  results  could  also  be  obtained  if 
a  pre-sedimentation  period  were  provided  prior  to  and  in 
addition  to  the  sedimentation  after  coagulation. 

In  some  of  the  smaller  plants,  the  capacity  of  each  part  of 
the  purification  plant  greatly  exceeds  the  demand  of  domestic 
consumption  and  the  plant,  therefore,  operates  only  a  few 
hours  each  day.  Where  the  coagulent  is  added  without  pre- 
sedimentation,  as  is  usually  the  case,  the  alum  floe  will  settle 
out  and  that  reaching  the  filters  will  be  insufficient  to  form 
a  proper  mat  on  the  top  of  the  sand.  Provision  for  a  second 
dose  of  alum  might  be  of  value.  Such  a  condition  is  unsatis- 
factory and  it  is  believed  that  more  attention  should  be  paid 


to  this  feature  of  design,  in  providing  a  more  flexible  plant, 
which  can  more  readily  meet  the  requirements. 

The  plants  at  Rock  Island  and  Streator  are  arranged  so 
that  with  a  few  minor  changes,  the  point  of  addition  of  the 
coagulant  can  be  changed  in  accordance  with  the  quality  of 
the  raw  water,  thereby  giving  the  plant  more  flexibility  to 
enable  it  to  meet  adverse  conditions. 

Coagulating  Chemicals  Used  at  the  Various  Plants. — With 
the  exception  of  Alton  and  Herrin  (temporarily),  all  use  alum 
and  a  number  also  lime  or  soda  ash  when  required.  Recent 
analyses  of  some  of  the  raw  waters  from  plants  which  now 
do  not  use  lime  or  soda  ash  have  shown  that  the  natural 
alakalinity  of  the  water  as  measured  by  methyl  orange,  may 
fall  below  40,  indicating  the  necessity  of  the  addition  of  some 
alkaline  material,  especially  during  the  winter  months  when 
the  lower  temperature  of  the  water  tends  to  slow  down  the 
rate  of  chemical  reaction. 

Inspections  which  have  been  made  of  23  of  the  purification 
plants  within  the  past  18  months  have  shown  that  the  facili- 
ties for  adding  coagulants  are,  in  many  plants,  quite  crude 
and  cannot  be  depended  upon  to  provide  an  even  dose  or 
one  which  can  be  proportioned  in  accordance  with  the  raw- 
water  flow  at  any  particular  time.  Hand  operation  of  a  gate 
valve  is  often  depended  upon  to  secure  variation  in  coagulant. 

Of  the  plants  inspected,  Decatur,  East  St.  Louis,  Quincy, 
Hamilton,  Herrin,  Marion,  Rock  Island,  Salem,  Sparta,  Strea- 
tor and  Dallas  City  have  devices  which  are  capable  of  satis- 
factory control.  A  few  of  the  plants,  especially  the  larger 
ones,  have  automatic  devices  for  varying  the  amount  of  coag- 
ulant added  in  proportion  to  the  raw  water  pumped. 

At  Rock  Island,  an  attempt  has  been  made  to  use  a  solution 
of  4.8  per  cent  strength  which  has  resulted  in  corrosion  not 
only  in  the  solution-controlling  devices  but  also  to  a  greater 
extent  in  the  pipe  line  leading  a  distance  of  350  ft.  to  the 
point  of  application  of  the  coagulant.  Lead  lined,  galvanized 
and  fiber  pipe  were  unsatisfactory  and  lead  is  now  being 
substituted.  A  2  or  3  per  cent  solution  would  be  less  corro- 
sive and  probably  would  produce  as  satisfactory  results. 

When  the  addition  of  alkaline  material  is  necessary  to 
secure  proper  precipitation  of  the  coagulant,  the  alkaline 
material  and  the  coagulant  are  sometimes  added  to  the  water 
either  through  the  same  or  separate  pipes  at  the  same  point. 
It  is  believed  that  this  method  is  undesirable  for  either  lime 
or  soda  ash.  In  the  case  of  lime,  it  may  be  somewhat  more 
objectionable  than  in  the  case  of  soda  ash,  on  account  of  the 
lower  solubility  of  hydrated  lime  in  cold  water  and  the  ten- 
dency for  small  particles  of  suspended  lime  which  are  not  in 
solution  to  be  carried  along  mechanically  and,  therefore,  of 
little  influence  for  the  purpose  for  which  it  was  added.  In 
either  case,  better  and  more  satisfactory  results  could  be 
expected  if  the  alkaline  material  is  added  and  thoroughly 
mixed  with  the  raw  water  a  short  time  before  the  coagulant 
is  added.  If  added,  a  considerable  time  before  the  coagulant 
is  added,  some  softening  action  may  occur,  requiring  the  use 
of  amounts  of  lime  or  soda  ash  greater  than  that  required 
by  the  coagulant  alone,  but  with  better  results.  If  it  is  not 
considered  desirable  to  add  the  chemical  in  the  suction  of  low- 
service  pumps,  a  satisfactory  mixture  of  the  raw  water  with 
the  alkaline  material  can  well  be  obtained  by  passing  the 
raw  water  through  a  Venturi  section  or  reduced  section  in 
the  raw-water  conduit.  Laboratory  experiments  by  Dr.  F.  A. 
Hale  at  the  Mount  Prospect  Laboratory  in  Brooklyn  have  in- 
dicated that  very  complete  dispersion  of  chemical  in  the  water 
to  be  treated  can  be  obtained  in  this  manner.  Ellms  has 
also  proposed  the  "hydraulic  pump"  for  securing  a  proper 
mixture. 

Mixing  Raw  Water  with  Coagulant  Solution. — A  consider- 
able number  of  the  Illinois  plants  are  designed  without  ade- 
quate facilities  for  securing  a  thorough  and  intimate  mixture 
of  the  raw  water  with  the  coagulant  solution.  Of  the  23 
plants  which  have  been  recently  inspected,  20  have  some  pro- 
vision for  mixing  chambers,  the  length  of  time  varying  from 
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i   t..  2  minutes  to  a  maximum  ol  '■  on  the 

u  umptton.     Dun  ill.'.  J  and  Ba 

i-ently   completed    plants.   h.i\,  I     and    16 

niimi'                      elj      At  Jack  ■  srrj  Ing 

an  overload  ol  al  gulation 

and  an  additional  fllta  «  be  pro\  Ided. 

Ms    Iliad.-   al  ''al  .    ha\e 

that  ■  btalned 

by  Hi.    u  ■   .'i  a  mixing  chambi  i 

Such    a    mixing    chaml  baffled    in    such    a 

wa)  n.  arlj    unlfoi  m   as 

low   i  be  *  eloi  it\   al 
which  sedimentation  will  occur 

"I   results  ami   had 

the  closely  baffled  tank  in  that   I  ■      more  flex 

fble     After  the  coagulant  is  added  -  in    thi    water  ha 

h  tli..  mixing  char  d  by  Mr.  Langeller 

that  more  effli  lent  coagulatli  n  bj  gradually 

eloclt)  by  gradullj  Inereu  Ing  the  cross  sec- 
tion i>f  ili>'  coagulation  basin,  and  further,  that  the  velocity 
in  this  basin  should  var;  higher  limit  of  0  15  ft 

I  and  a  lower  limit  -  ond. 

Many  articles  with  reference  in  the  chemical  processes  In- 
volved in  coagulation  havi  iterature. 
Kllms  In  a  recent  paper  delivered  befon  I  ■  Vmerican  Water 
Works    Association    al    Cleveland,   emphasized    the   n> 

action  periods  for  I  to  occur, 

and  urged  that  in  water  purification  nun.-  attent 

w  bicb  are  know  i  chem- 

ical reaction,  temperature,  contai  i  ol  reacting  Bubstam  i 
Proportioning  the  amount  of  coagulant  to  the  turbid 

the  raw    water  is  not  given  proper  attent The  an 

in. -in  catur  (similar  devices  may  In-  u 

plants  in  tie-  State)  has  much  to  recommend  it.    The  approxi- 
qI  required  for  different  turbidl  termined 

from  plant    i.e. ids.  has  Minor   variations  are 

by  observing  the  si/..-  of  the    Hoc   us   it   passes  to  the 
lilicrs  by  mi  light  bulb  hanging  just  above 

■  -I  tii.-  water. 
of  thumb"  methods  are  still  i  but  that  does 

not  pr.-.  lude  the  use  of  all  aval  to  secure  additional 

information.    It  is  hoped  that  before  long,  colloidal  chemistry 
may  pi  ■  etter  measuring  stick. 

It    is   also    interesting   to   note   that   at    one   plant,   at    |: 

■lion  and  sedimentation   for  a  hours 

I  •  given  a   -uii;,,,,  supply  from 

The  treatment  la  inadequate  and  Alters  should 

he   installed.      I. itne  and    iron   was   u  but    this 

ced  by  lime  and  alum. 
Filtration    Plants    in    Illinois.  -The    filtration    plants    in    111 i- 

i  imbering    43,    Including    the    two   softening   and    two 
iron-removal   plants,   comprise   6   pressure-filter  install . 

pressure  altera  and  :::  rapid  Band  filters  of  the 

gravity   type.     The   last   slow    sand   filler  in  Illinois,  at  Great 

ning  Station  ced  about   L917  bj  a 

rapid   sand    I 

In  the  36  plants,  for  which  data  an  available,  there  are  174 
filter  units,  including  116  concrete  Alters,  1-  vertical  steel 
tubs,  18  vertit  a]   wi  tanks,  and  22 

horizontal      tee!   drums,   loth   tanks   and    drums   having  once 

Iter  installa- 

.   i      Steel 
drums  i  oiks.      Nearly    all    of    the    rapid 

are  foot 
per  minute  or  126  million  gallon  .    :■  day. 

Alter  install!  ting  plants, 

the  approval  ol  the  State  Health  Department,  are 
usual]  !-.   typi      The  departn  i 

8    lilt.-rs    a:.  tory    tor    public    wat.  r    supplies 

i      •  rvi    tie-   .  ondil  Ion    ol    the 

ad  the  efl     t  i  hing    becau 

tor  cleaning 

and  r.  ;  ■    -a   the  high   '  When 

' 

ing  a  capacit)  ..i 
''•   which   ft-  adpolnl    may    not   he  de- 

han- 

milliqn  gallons  daily  or  about   I  cent  oi  the 

">ll  In  tin  similar 
"hlch  depth  oilm- 
obtained  bs 


With  hoih  >.,,  tors,  it  is  possible  hy  comparl 

th    two  effluents  and  the  condition  ol  the  Bettled  water. 
opi  rator  to  know:  somewhat  more  about  the  condition 

ire   filters   than    would   he   possible  if   pressure  t  J  pe 

niters  alone  were  available. 

Filter  Control.— In  ordi  r  to    ei  tire  proper  ami  adequate  til 
tration,  the  operator  must   ••    provided  with  Borne  means  of 

Ing    information   i  om  i  -  ning    th tdltion   ol    thi      Iti  i 

units  I  ges  or  rate  controllers,     it  is  believed 

that  on.-  point   in  this  .  nun.  ction  i.  ted  In 

discussions  oi  nil,-  ,,,  inely,  the  memorj  of  thi 

in  a  Bmall   plant,   »  Ith  a   few    filters.  « 

1   can   i btalned   through   reliance  on   knowledge  ol 

operating  conditions  obtained   through   memory  alone, 
a  larger  plant  this  is  mat  able.    Su<  b 

mont   do.s   not   mean   thai    both   ol   the  e  device  .    rate   con 
Hollers  and  loss-of-head  n    nol    verj    di 

plant       \   good  oi  a   small  plant   can 

i     with  onlj  i  these  devices,  but 

better  operating  re  Jits  <  obtained  If  the  fll  sri   are  pro 

•  Ided   «  Ith   bol     d  In  larger  plants,  both  Ae\  li 

i  lal, 
Ai  many  of  the  plants,  the  operators  have  never  familiarized 
themselves  with   the  coi 

the  loss-of-head  gages,  and  consequent^    thej   are  unal 
repair  either  of  the  di    li              part  ia  accidentally  broken,  or 
to  res.-t  ih.  m,  hi  case  thi       I  record  accuratelj  or  oper- 

operly.     The  setting   ol   a   rate  com  -     -  ually  :i 

relatively  simple  matter,  thi    rate  of  vertical  drop  in  a  filter 
being  3.2    inches   when    water    is    passing    through    thi 
(roller  al  the  nominal  rati       gal.  per  square  tool  per  minute. 
During  the  inspections  i  ieei     of  the  department  it  is 

endeavored    to    advi  ist    the    operators    m    overhaul 

mi-  the  controlling  del -  again  placing  them  in 

and  to  indicate  to  them  aaforcefullj  as  poe   ible  the  neci 
of  maintaining  them  in  accurate  and  continuous  service. 
Most  Efficient  Size  of  Sand.    -In  recent  literature  have  ap- 

I"'. I   several   articles    relative    to    the    most    efficient 

Band  for  rapid  sand   fllti  Dittoe  and   Catletl 

that  the  effective  Bize  mould  varj  between  0.35  and  0.40 
wiih  a  uniformity  conformity  coefficient  from  1.6  to  L.8. 
Tie-  ohio  requirements  as  outlined  by  Mr  Dittoe  give  a  pref- 
erence to  sand  of  0.37  turns  effectivi  e  with  a  uniformlt) 
coefficient  not  exceeding  1.6,  all  particles  to  be  flner  than 
1  mm. 

Laboratory  examination-  oi  amples  of  sand  collected  dur- 
ing the  past  18  months  from  is  rapid  Band  Alter  plants,  show 
that  the  effective  size  of  Bands  now  actually  in  use  range 
from  0.32  iiims.  at  Decatur  and  Mt.  Carmel  to  I  16  mm 
Alton.  The  average  effect  he  size  is  .61  mms.  and  uniformity 
coefficient  of  1.52.  The  effective  size  of  75  per  cent  of  the 
sands   Will  range  between   .32   and   0.50  mms. 

At  Alton  where  lime  and  iron   is  used,  the  sand   in  thi 
filter  has  an  effectivi  i    mms.   .and   the   west    Alter  a 

size  of  1.45  mms.,   when  Redwing  Band  us  on. 

installed  in  tin-  east  Alter  in  1915  had  an  effective  Bize  o 
nun    and  uniformity  coefficient  of  1.5. 

The  growth  has  been   largely    due  to  accretions  of  calcium 
carbonate.     At  Anna  Stat.-  Hospital,  the  sand  was  black  and 
was  coated  with  a  considerable  deposit  of  lime  with  a  huge 
proportion   of  iron  and   manganese.     The   sand 
from    the   Altera  had   an   effective   size  of  0.55  mms.   ai 
uniformity  coefficient  ol  i  13,  while  the  effective  si/..-  and  uni- 
formity  coefficient   of   the   washed    sand    was  0.50    mm 
1.20,  respectively.     A   portion   of   this   water  supply   ton 

aese,  and  the  coating  on  th.-  tiller  sand  appar  ntlj   maj 
produce  a  reduction  -  ese  and  possibly  also  of  iron  by 

means  of  an  absorptive  effect 

In  a  discussion  of  Mi    Dittoe's  paper,  Mr.  Alexander  I'. .tier, 
ulting    engineer    ol     New     York    City,    states    that     this 

'-  quli  -  men!   -a      md       i    i    cot    Id.  rable  addition 

pense  at  Warren,  0.,  as  well  as  delay  in  placing  the  plant  in 
operation.  He  further  p. .mis  out  that  if  at  one  plant  in  Ohio 
the  sand  size  has  Increased  from  0.39  to  0.44  without  sacrifice 
in  bacterial  efficiency,  the  Bpeciflcatloi  too  narrow. 

The  author  feels  that  this  objection  may  be  well  taken  con 
Idering  the  growth  ,,i     .md   in   Altera  and  that   more  empl 

:  houid  perhaps  be  placed  on  thi    absi  course  or 

v.-ry  fine  material  affectlni    both  features  of  the  size  rating 

md  i attention  given  in  proper  grading  of  the  underlying 

gravel  rather  than  to  place  too  great  emphasis  on  exact 
formity  to  fixed  specifications  for  the  sand. 
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Air  and  Water  Work.— Of  the  43  pkmis.  15  apparentlj  have 
tacilitiea  for  air  and  water  wash,  air  being  used  tor  about 
::  t<>  .".  minutes  followed  by  water  tor  a  period  sufficient  to 
lower  the  turbidity  of  1 1 1  *  •  waste  water.  The  wash  watt  i 
expressed  In  Inches  vertical  rise  per  minute,  range  from  1.8 
In.  vertical  rise  per  minute  at  Charleston  to  18  in.  at  Jackson- 
ville and  Bit.  Vernon  and  22  In.  In  the  newei  Biters  at  Alton  U 
a  recent  plant  at  Dallas  City,  Installed  without  flrsl  submit 
ting  plans  t,,  tins  department,  as  air  agitation  of  20  minutes 
is  used  followed  bj  a  t-mlnute  water  wash.  For  the  most  put. 
these  Bystems  with  both  air  and  water  wash  were  installed  at 
a  time  when  it  was  believed  that  a  wash  watei  rate  ol  1  8  in. 
vertical  rl  e  per  minute  was  sufficient  Mr  agitation  can 
be  used  It  applied  Intelligently,  hut  a  careless  or  inexperienced 
operator  'an  easilj  dlBturb  the  filtering  qualities  of  a  sand 
bed. 

Experiments  made  by  Ellms  and  Gettrust  at  Cincinnati  in 
1916  showed  that  a  much  higher  velocity  iL'e-L'l  in.)  could  be 
Used  providing  the  wash  water  was  applied  below  a  gravel 
bed  of  proper  size  and  thickness  upon  which  the  sand  was 
\  rate  of  16-20  in  is  possible,  without  specially  con- 
structed filter  bottoms,  by  the  ordinary  strainers  it  tie 
be  properly  graded  in  I  or  5  different  sizes  with  a  total  depth 

of  at  hast  Is  in  The  wash-water  troughs  must  ho  Sufficiently 
high  above  the  top  Ol  the  sand  beds  so  that  sand  will  not  ho 
wasted.  If  higher,  tin-  grit  and  other  material  will  not  be 
Washed  away;  if  lower,  sand  will  be  lost.  Some  idea  of  the 
-  urn  of  a  sand  of  any  porticular  size  at  a  particular 
wash-water  rate  can  ho  obtained  from  tables  iii  the  ■Water- 
works Handbook ."  The  same  rate  of  wash  with  a  coarser 
sand  will  not   raise  u  as  high,  vice  versa. 

The  higher  velocltj  of  wash  water  effectively  stirs  up  the 
entire  sand  bed  and  thereby  removes  much  of  the  tendency 
for  mud  balls  to  form  and  affords  more  complete  and  thorough 
washing  of  the  sand  bed.  Where  the  wash-water  distribution 
or  collecting  system  is  not  properly  proportioned,  these  higher 
velocities  sometimes  cannot  be  used,  in  which  case  the  filters 
should  bo  overhauled  and  a  new  underdrain  system  provided. 
High  velocity  washing  is  not  a  cure-all.  but  the  factor  of  rapid 
and  thorough  cleaning  of  the  filter  bed  is  of  no  mean  im- 
portance. 

It  is  believed  that  the  unsatisfactory  quality  of  the  filtered 
water  obtained  from  several  of  the  purification  plants  may 
largely  be  due  to  improper  washing,  either  inadequate  or 
excessive.  If  mud  halls  should  form  or  the  distribution  of 
wash  water  is  imperfect,  some  portions  of  the  filter  may  be 
over-washed,  discharging  a  waste  water  of  low  turbidity, 
while  other  portions  may  receive  an  insufficient  amount  of 
washing.  Should  the  filter  be  over-washed,  settled  water  con- 
taining coagulant  must  he  wasted  until  a  proper  mat  is  toi  med 
on  the  over-washed  portions.  The  inefficiency  of  this  method 
is  evident.  If  the'  filters  were  washed  uniformly  but  wash- 
ing stopped  while  water  was  still  somewhat  turbid,  the  filter 
would  be  in  better  condition  and  less  wash-water  would  be 
required. 

Underdrain  Systems. — Recent  articles  are  again  showing  a 
trend  toward  simpler  underdrain  systems  and  have  indicated 
that  satisfactory  underdrains  can  be  made  by  the  use  of  per- 
forated pipe.  An  underdrain  system  of  this  character  has 
been  used  at  Harrisburg,  Pa.,  for  15  years.  One  possible 
objection  to  such  a  method  is  the  clogging  or  corrosion  of 
these  offices,  which  apparently  does  not  constitute  as  serious 
a  factor  as  the  corrosion  between  different  metals,  as  for 
instance  where  brass  strainers  are  used  with  iron  pipe.  The 
Wheeler  filter  bottoms  and  other  devices  of  concrete  with 
glass  orifices,  are  also  in  rather  extensive  use,  with  more  or 
less  success.  In  any  case,  careful  design  of  the  collecting 
system  is  essential  in  order  that  the  quantity  of  water  dis- 
charged from  the  various  orifices  might  be  as  nearly  equal  as 
possible,  affording  equal  rates  of  filtration  or  distribution  of 
wash-water  over  the  filter  surface. 

Sterilization.— Of  the  38  filter  plants  in  Illinois,  for  which 
data  are  available.  9  now  use  calcium  hypochlorite  and  29 
liquid  chlorine.  At  Elgin,  the  highly  polluted  river  water 
after  filtration  is  chlorinated  twice  before  it  is  discharged 
into  the  distribution  systems.  Of  the  17  places  where  sterili- 
zation is  the  only  treatment,  all  but  Waukegan  use  liquid 
chlorine. 

At  Eldorado,  Kenilworth,  Macomb,  Mt.  Vernon  and  Rock 
Island,  and  until  recently  at  Alton,  the  sterilizing  agent  is 
added  to  the  settled  water  prior  to  filtration.    At  Rock  Island 


the    lilt. Ted    water,    sterilized    previous    to    lilt  rat  ion.    i       stored 

■  ii  opi  ii  ba  in      abject  to  m ai  i  Idental  or  malicious 

contamination,  and  under  these  conditions  n  is  expected  that 
analyses  would  give  more  or  less  inconsistent  results. 

\|  manj  of  the  plants  the  st,  riiizing  agent  is  added  as  the 
water  enters  the  clear-water  basin  from  the  filters.     .\i     e, 

oral    plants   the    water    in    the    clear-water    basin    may    become 
contaminated.    The  application  of  the  sterilizing  agent  as  the 
water  enters  tin    char  water  basin   is  not  entirely  satisi 
unless  the  plant   is  designed  and   properly  balanced  as   1 1 

capacities  of  filters  and  oh  ai  ti  basin,  and  the  consump- 
tion, ami  the  clear-water  basin  is  provided  with  suitable 
baffles  to  prevent  short  circuit  of  the  sterilized  water  directly 
into  the  pump  suction  and  to  prevent  the  formation   ol    'poi  1 

ets"  of  water  whlcb  has  been  sterilized  several  daj     pn  -ion 
.-im  h  a  condition  can  seldom  obtain  on  account  of  the  neces- 
sity of  providing  reserve  clear-water   capacity    to   meet   fire 
and  other  emergencies. 
The  quality  of  the  effluent   would,  therefore,  van    so  that 

il  is  often  desirable  to  add  the  chlorine  to  the  pump  suction 
so  that  it  will  be  properly  and  thoroughly  mixed  in  the  pump 
cylinders.  The  addition  of  the  sterilizing  agent  into  the  pump 
siot ion  may  have  a  tendency  to  cause  corrosion,  but  in  a 
recent  article,  of  some  15  persons  in  charge  of  watei  purifica- 
tion plants,  only  about  6  stated  that  little  corrosion  would 
result  considering  the  small  quantities  used.  A  centrifugal 
pump  might  be  more  subject  to  corrosion  than  would  a  pit  ton- 
type  pump.  This  does  not,  however,  affect  the  desirability 
of  providing  the-  clear-water  basin  with  suitable  baffles  so  as 
to  avoid  conditions  of  stagnation  or  to  minimize  anj  possible 
contamination. 

At  Bast  St.  Louis,  a  short  circuit  frequently  obtains  in  the 
smaller  clear-water  basin  in  which  the  sterilizing  agent  is 
applied  to  the  water  as  it  enters  the  basin,  atul  it  is  possible 
that  some  of  the  water  in  the  basin  may  remain  stagnant  for 
several  days  after  the  chlorine  has  been  added.  Similar  con- 
ditions obtain  at  Moline  and  Pontiac.  At  Danville,  difficulty 
from  overgrowths  in  the  distribution  system  could  possibly 
be  attributed  to  improper  arrangement  and  operation  of  the 
clear-water  basin. 

This  suggests  that  much  of  the  problem  of  aftergrowth  in 
the  mains  may  be  due  to  faulty  arrangement  or  operation  of 
the  filters,  clear-water  basin  and  sterilizing  equipment.  These 
difficulties  might  be  prevented  by  a  careful  study  into  the 
possible  paths  which  water  might  take  through  the  parts  of 
the  purification  plant. 

Difficulty  in  obtaining  effective  sterilization  has  been  caused 
in  some  cases  by  improper  installation  of  the  chlorinating 
equipment  and  in  others  by  improper  operation  and  main 
tenance  of  the  equipment.  In  one  case,  little  regard  was  paid 
to  the  actual  capacity  of  the  pumping  equipment,  the  pump 
being  operated  at  a  rate  equal  to  twice  the  daily  consumption, 
but  only  during  a  period  of  12  hours.  Failure  to  provide  a 
supply  of  extra  parts  for  chlorinators  and  to  make  the  oper- 
ators familiar  with  the  construction  of  the  chlorinator  to 
enable  them  to  keep  the  chlorinator  in  service  even  though 
some  one  part  is  out  of  commission,  are  two  essential  causes 
of  intermittent  action  of  the  chlorinators.  The  operators 
are  warned  that  the  machines  are  delicate  but,  for  the  most 
part,  they  have  not  been  carefully  instructed  in  regard  to  the 
more  frequent  causes  of  breakdown,  such  as  leaky  valves, 
clogging  of  tubing,  etc.  Wherever  trouble  is  found,  the  engi- 
neers of  the  State  Department  of  Health  instruct  the  opera 
tors  in  the  solution  of  these  difficulties. 

It  is  very  essential  that  proper  records  of  the  amount  of 
chlorine  added  and  the  amount  of  water  pumped  be  main- 
tained, especially  for  surface  supplies  where  the  clhorine 
absorption  value  of  the  water  varies  materially  with  changing 
weather  conditions.  The  amount  of  chlorine  added  should  be 
checked  not  only  by  recording  the  flow  of  chlorine  through 
the  measuring  devices,  but  also  by  weighing  the  drums  on 
platform  scales.  These  records,  together  with  the  results  of 
daily  or  better,  twice  daily,  control  tests  for  excess  chlorine 
by  means  of  ortho-tolidin,  will  enable  the  operator  to  add 
sufficient  sterilizing  agent  with  but  little  danger  of  overdose 
and  production  of  complaints  of  tastes  and  odors. 

The  results  of  tests  for  free  chlorine  obtained  by  the  use  of 
ortho-tolidin  as  indicated  in  "Standard  Methods"  are  not  con- 
sidered always  reliable,  especially  in  waters  which  contain 
nitrites,  ferric  salts,  chlorates  and  probably  other  oxidizing 
agents.  Relatively  little  has  been  written  describing  in  detail 
the  reasons  for  ortho-tolidin  giving  erroneous  values.     It  has 
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or  of  turbidity  after  heavy  rains,  and  where  the  chemical 
would  remain  fairly  constant,  it  is  thought  that 
this  method  may  ..  lory  results.     The  collection  of 

bacterial  samples  from  the  distribution  system  when  com- 
pared with  the  results  of  ortbo-tolidin  determinations  are, 
however,  necessary  to  determine  whether  or  not  the  water  is 
being  properly  treated. 

In  cases  of  a  supply  which  Is  purified  by  filtration  with  or 
without  chemical  treatment,  the  raw  water  before  chlorina- 
tion  may  show  a  yellow  color  with  ortho-tolldin  and  the  ortho- 
tolidin  tests  cannot  be  considered  reliable  because  filtration 
may,  under  certain  conditions,  remove  the  color-producing 
material.  Where  bacteriological  control  cannot  be  made  avail- 
able at  once,  ortho-tolidin  tests  on  the  filtered  water  prior  to 
sterilization  and  on  the  same  after  sterilization  can  be  made 
of  considerable  value.  It  is  possible  that  a  surface  supply 
without  purification  other  than  sterilization,  may  be  properly 
controlled  by  tests  for  free  chlorine  on  the  raw  and  sterilized 
water,  providing  a  large  excess  of  free  chlorine  is  maintained 
or  proper  consideration  given  to  a  sufficiently  long  absorp- 
tion period.  A  turbid  surface  supply  such  as  is  usually  found 
in  Illinois  and  other  central-western  States,  can  be  properly 
sterilized  if  sufficient  care  is  taken  to  add  ample  quantities 
of  chlorine. 


Leaky  Bearings  Caused  by  Stopped-up  Oil  Passage 
Trouble  is  experienced  quite  frequently  with  oil  leaking 
out  of  motor  bearings,  which  if  not  remedied  may  result  in 
badly  worn  or  burned-out  bearings.  This  trouble,  writes  B.  A. 
Briggs  in  Power,  is  found  chiefly  in  bearings  that  have  a 
small  passageway  for  the  oil  to  return  from  the  end  of  the 

l-  to  the  oil  well.  In  the  bearing  shown  in  the  illustra- 
tion  the  oil   is  carried   by    the   rings  up  onto  the   shaft  and 

down  through  the  oil  ways  and  out  between  the  shaft 
and  bearing  and  is  discharged  at  each  end  into  the  housing 

ml  A.    From  here  it  flows  tin  oil   passages  B 
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Public  Water  Supplies  in  Illinois 

Present    Situation   Reviewed   in   Paper   Presented 

March  29,  at  Annual  Meeting  of  Illinois  Section 

of  American  Waterworks  Association 

By  BARRY  r    FERGUSON, 
i  .1  >epartment    ..i 

tii 

Public  water  supplies  have   been   installed  in  449   municl- 

palitles.     In  .oliiition  records  have  been  obtained  of  the  public 

I       i  .  communities,  at  the  28 

Institutions  and  tin-  7    Federal  institutions,  army  posts, 

.mil  naval  stations  in  the  E  thing    194   in  all. 

The  Federal  census  shows  that  for  the  past  three  decades 
the  proportion  of  the  population  in  niinois  in  municipalities  of 
2,500  and  over  was  54.8  per  cent  61.7  per  cent,  and  67.9  per 
cent.  It  is  felt  that  municipalities  of  even  less  than  2,500 
should  be  considered  as  urban  instead  of  rural,  as  defined  in 
the  Federal  census  repoi  leclally   is  this  true  when 

considering  public  water  supplies,  for  under  ordinary  condi- 
community  having  a  population  of  only  3uo  or  per- 
haps less  might  well  ''lie  water-supply  installations 
:i>  well  as  other  public  utilities  and  improvements. 

Ordinarily  the  term  "public  water  supply"  is  applied  to  a 
supply  serving  a  community  whether  or  not  such  community 
is  incorporated,  but  in  the  remainder  of  this  paper  the  term 
will  be  limited  to  supplies  for  incorporated  communities,  and 
the  10  unincorporated  communities  that  have  public  supplies 
and  the  State  and  Federal  institutions  will  be  omitted. 

One  Thousand  One  Hundred  and  Eleven  Possible  Public 
Water  Supplies. — According  to  the  1920  Federal  census  the 
total  number  of  public  water  supplies,  for  incorporated  com- 
munities, that  would  be  possible  in  Illinois  is  1,111,  for  there 
is  that  number  of  municipalities,  of  which  259  are  incorporated 
as  cities,  31  as  towns,  and  S21  as  villages. 

The  distribution  of  population  among  the  municipalities  of 
different  sizes  is  presented  in  Table  I.  This  table  shows  that 
Chicago  has  about  two-fifths  of  the  entire  population  of  the 
State,  that  939  of  the  total  of  1.111  municipalities,  or  84  per 
cent,  have  only  one-tenth  of  the  population,  that  about  one- 
fifth  of  the  population  live  in  unincorporated  areas,  and  that 
the  remaining  three-tenths  of  the  population  are  distributed 
comparatively  evenly  among  five  groupings  of  municipalities 
by  population. 

Rate  of  Development  of  Public  Water  Supplies. — The  num- 
ber of  public  water  supplies  that  have  been  installed  in  mu- 
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nicipalities  in  Illinois  and  the  rate  of  sm  ii  development  are  and  also  the  municlpalitie:  north,  south,  and  a  few  to  the 
presented  in  Table  II  This  shows  a  fairly  uniform  and  rapid  west  Ol  Chicago  that  are  also  served  by  Lake  Michigan  water, 
rate  of  increase  in  the  number  of  supplies,  beginning  about  Influence  this  relationship.  There  are  slightly  more  rock- 
18S5  and  continuing  until  about  1916  The  decrease  In  rate  well  supplies  than  drift-well  supplies,  but  the  average  popu- 
beginning  with  1916  probably  is  the  result  of  war  conditions.      lation  served  per  supply  is  about  the  same,  namely,  about 

General   Classes   of    Public   Water   Supplies.— Public    water       3,000. 
supplies  in  Illinois  may  be  divided  into  three  general  classes:  Table  V  analyzes  the  distribution  of  pop  red  by 

lit  those  obi. lino, i  from  surface  sources,  (2)  those  obtained      public  water  supplies  as  i.  ources. 

from    drift    wells,    and    (S)    those    obtained    from    rock    wells.  Municipalities  That  Do  Not  Have  Public  Supply. — This  table 

There   are    in    addition    sources   such   as    springs,    abandon*  '  hat  92. 5  per  cent  of  t  in-  population  of  all  incorporated 

mine  shafts  or  workings,  but  supplies  from  such  sources  can  communities  are  served  by  public  water  supplies.  Since  only 
be  classified  with  the  drift  or  rock  well  supplies,  depending  449  of  the  l.iii  Incorporated  communities  have  public  water 
upon  the  formation  from  which  the  waters  are  derived,  In  supplies,  more  than  doubling  the  number  oi  public  water 
general,  the  BUpplleE  for  the  northern  portion  of  Illinois  arc  supplies  would  increase  the  population  Berved  by  public  sup- 
obtain,  d  from  rock  wells  and  most  of  those  wells  penetrate      plies  less  than  10  per  cent. 

St  Peter  or  Potsdam  sandstone.    The  majority  of  the  supplies  The  distribution  of  those  municipalities  that  do  not  have 

for  the  central  portion  of  Illinois  are  obtained  from  sand  and  public  water  supplies  is  presented  in  Table  VI,  according  to 
gravel  forming  part  of  the  glacial-drift  deposits.  Nearly  population  groups.  The  largest  municipality  that  does  not 
all  of  the  supplies  for  the  southern  portion  of  Illinois  are  have  a  public  water  supply  is  Zion  City  1 1:'20  Federal  census, 
derived  from  surface  sources,  for  in  that  section  supplies  5,580).  There  are  more  municipalities  having  populations  of 
from  wells  would  be  either  inadequate  or  so  highly  miner-  over  300  that  do  not  have  public  water  supplies  than  there 
alized  as  to  be  unsatisfactory  for  general  domestic  purposes.      are  municipalities  that  have  already  installed  such   supplies, 

Table  IV  presents  the  number  of  public  supplies  obtained  but  the  total  population  not  served  is  comparatively  small. 
from  the  three  classified  sources  and  the  population  (1920  Installing  public  water  supplies  in  the  89  cities  having  popu- 
Federal  census)  served  by  such  supplies.  lations  of  1,000  or  more  which  do  not  now  have  public  water 

This  table  shows  that  although  only  one-fifth  of  all  the  supplies,  would  reduce  the  total  population  of  municipalities 
public  supplies  have  surface-water  sources,  these  surface  sup-  not  now  served  by  public  water  supplies  one-third, 
plies  serve  about  three-fourths  of  the  entire  population  served  Need  for  New  Waterworks  and  Improvement  of  Old  Ones. — 
by  all  public  water  supplies.  This  is.  of  course,  because  the  A  large  number  of  new  public  water  supplies  should  be  in- 
large  population  of  Chicago  served  by  Lake  Michigan  water  stalled  in  Illinois,  but  the  magnitude  of  the  work  of  such 
~~Z   Z                                                                             installations    will     be    small   in  comparison   to   installations 

TABLE    ni-IVUn-UVTIOX  f?RV£^BYg  PUBLIC    WATER  already   made.      In   addiUon   t0   the   J..   supp,ies    .^""J* 

Population  be  installed  there  remains  a  large  amount  of  development  to 

Population ,    Se"'ed  by  p"»blic  3"PP'ies-  be   done  before  many  of  the  existing  public  water  supplies 

..  Excluding  Excluding  in  Illinois  can  be  considered  to  be  what  they  should  be  from 

Entlr4e76.tas3e        Ch47iafl°3     Entire  m^o6'        Ch'Cas°6  the  standpoint  of  domestic  service,  fire  protection  and  health 

v.1.470  821,307  l ■■..'..!.;  0  and  sanitary  conditions,  and  the  additions  and  improvements 

llBSMM  2',240.914  srl'i'lo  40  "13  to  these  existing  supplies  probably  will  require  considerably 

.     3,077.871  2,574,686  159[697  more  work  and  expenditures  than  the  installation  of  supplies 

iioo.::::::::::  IMtMl      I:!!!:!?!      iiH":!!?      1  liS'lil  in  the  municipalities  now  without  public  water  supplies. 

—    5,638,591  3.453.'308  3,'696.'75l  l^lL i<;s  In   discussing  the  population  served  by   public  water  sup- 

l?fwr»'iv"  vAra™0™  DAor8d7L.„v±69i;T™  L994.676  plies  the  total  population  of  each  municipality  has  been  con- 

CA^iDn  BY*  SO^^AnS^pSlST  I^v¥dC^SSI-  sidered  as  se"'ed,  but  in  reality  there  are  quite  a  number  of 

each  classified  SOURCE.  municipalities  where  only  a  portion  of  the  population  actually 

a«nr«.i.nn.h<  Number  of  ..»„  use  the  public  supplies,  and  there  are  some  where  onlv  a  few 

Source  of  supply.*  public  supplies.  Population  served  1920.  _, ,„         „  ,T  _..     ,.       '    ,  .  * 

Surface  water  95  ■      3,541,440  people  really  use  the  supply.    This  limited  use  of  many  public 

Rock  walls    195  mMa?  water  supplies  is  because  of  limited  extension  of  mains  in 

■"■ L  some  municipalities,  the  inadequacy  of  the  supplies  in  others, 

T°|,al    i :•,■•■:.::■-.••  449  4,696,381  and   the  unsatisfactory  quality  of  the  supplies   for   domestic 

•There  are  S  municipalities,  having  a  total  population  of  57.404.  „„„„„„„„    i_    4.1.  .    .      ....  .  Kf,  uumooi.n. 

that  have  ccmbined  rock  well  and  surface  supplies:  4  municipal-  Purposes   in   those   municipalities   where    the    supplies     are 

ning  a  total  population  of  29.029.  that  have  combined  drift  scarcely  used,  except  for  fire  protection 
well   and    surface   supplies:    and    10    municipalities,    having    a    total  t.^^    j„„j„„„„„„      .    h.  ..."  ..... 

population  of  65,687  that  have  combine.',  rock  and  drift  well  lne  madequacj  of  the  supplies  in  some  municipalities 
plies.  Each  of  these  £2  places  have  been  included  in  one  of  the  is  the  result  of  increases  in  populations,  in  others  the  de- 
three  classified  groups  in  accordance  with  which  source  of  supply  .r.,..j    „;~i,i,,    „f    n,„    „„ j     •  •      *  **. 

consUtutes  the  major  source  of  the  total  wateT  used.  creased   yields   of   the   sources,   and   in    some   instances    the 

TABLE    V.— TOTAL    population    \xn    PERCENT  \GES    OF  supplies  have  never  been  adequate   for  mone  than   parts  of 

POPULATION _SERVED  BYCI^SSIJTED   SOURCES   OF  the  populations,  and   as  the  number  of  service   connections 

.    Pp0pu,at,on  and  Per  Cents.  iDCreas? d  l^e  inadequacy  of  such  supplies  have  been  locally 

including      Excluding  realized.    With  but  few  exceptions  where  the  supplies  are  of 

Po%PlaUo„^^^^  unsatisfactory   quality   they   have   been   so    since     their    in- 

Population    served     bv    public    water    sup-  stallation. 

at  of  population  in.  all  municipal! ties  '-696-381  1'9D4-r,T6  B  L*Pge  A™Unt  °f  Water  ^P1*   Development  Work  Yet  to 

that  are  served  by  public  water  supplies  92.5  S3. 5  Be  Done. —  I  he  enlargement  and  improvement  of  existing  pub- 

PMUc^?VTo!.ula«onUrsferVeedOTby"public  3'541,440  m?;!5  lic  water  supplies  combined  with  the  installation  of  supplies 

water  supplies  that  are  served  by  surface  in  municipalities  as  yet  without  such  supplies  represents  a 

,ve.V  by  drift-weii  supplies: '.     51  mm  7"*  l"B*  ^T'  °f  Y°rk  f°r  enSineers  and  °tners  interested 

Per  cent   of  population   served   bv   public  m    water-supply   developments,    even    though    the   population 

£{$  '  ■"  are  served  by  drift-  u(  ^  g  of  the  State  does  not  increase.    With  the  increase  in  popula- 

Populat Ion  served  by  roik -well  supplies!  i:     639,301  639,301  tion  of  tne  State  that   can  be  expected   and   the  noticeable 

rntsuppiire°Ptha\i0areF|eVrvedbbv  "rock-  increasing  desire  of  the  people  for  better  and  more  adequate 

well    supplies ." "  13.6  32.0  public    water    supplies,    the   water-supply   development   work 

table   VI.— NUMBER   of   MUNICIPALITIES    that    po  NOT  to  be  done  becomes  very  great. 

HAVE  PLT3LiCpW.VTK,;rS^pPGLiESrgARRANGED  BY  The  size  of  the  community  that  might  well  have  a  public 

Number  of  water-supply  system  cannot  be  definitely  stated.     Communi- 

municipalities  without  Population  ties  of  even  a  few  dwellings,  in  those  areas  in  Illinois  where 

Population  group.  PUForgVroueprRUTo>tLT    each'group.     pop^aHon.  suPP<ies  can  be  obtained  from   rock   or  drift  wells   at  com- 

s.ooo    up  _ 1  1  5.580  paratively  low  cost,  might  to  the  advantage  of  all  property 

J;::::.:::;.::      I  17  owners  have  public  water-supply  systems.     The   installation 

1.500   to   2,000    16  and  operation  cost  of  a  single  pumping  outfit  would  be  less 

750° Vi.ooo   ° .:.'.' : :      .    ." :    m  ill  than  would  be  the  cost  for  several  private  running  water  sup- 

500  to  750  120       •    273  72.0.-15  271  ply  installations,  and  this  saving  would  tend  to  offset  the  cost 

300  to  4™   ::.::::::::::::::  109  473  38.126  UlliU  ot  a  distrihution  system  and  trie  remaining  cost  of  the  dis- 

Under   soo  ' '.'.'.'.'.'.'.'.'.  iS9  662  32.054  387*,609  tribution  system  would  be  cheap  fire  and  health  insurance. 
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ich  higher  than  fur  well  supplli  orthern 
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i  quentl) 
I  only 
irnm  the  munii   pulity,  which 
in. mi  .ui'l  the  hauling 

•  II    line      in 

i      >t IllM- 

slping  in  bring  about  such  Insi  orts  are  not, 

in   the  larger  municipal- 
.:  Buch  Bupp 

Aii  Audible  Water  Level  Recorder 

■ 

■  ■n  certain  water 
Lo  employ  an  elec- 
arm  bell  brought  Into  action  bj  :i  Boat  ris- 
nd  falling  with  the  flow.    Tins  Bystem  alii 


The  Audible   Water   Recorder. 

high   or  low 

i  smlt   a   record   of 

■  tal  In- 

■ 

The 
In  the 

iiment 
can  rlnr  np  quantity  of 

'     as  a 

chai 


■  ard   Instrumi  i  I  to  give   I Ilfferenl 

01  axample,  to  r<  99  ft    bj   i  it. 

course,  it  i    have  more 

adjusting  the  Instrument     Ind      Hon  ot  the  level  is  gi\ 

and  iins  slgi  •  tlmei .  thus 

eliminating  anj  possibility  oi  en  n  In  reading     The  Bame  In 

Instrument   could  be  adapted   to  indicate  over  the  telephone 

readings  ol  dials  and  si  all  kind. 

The  mechanism  ol  the  Ini  tru    •  nt  Is  brieflj 

By  the  movement  "i  a  Boat  ntai  I  arm  is  moved  parallel 

■■I  a  drum.     When  the  ti  li  phoi  rings 

up  the  Instrument,  th<    ■  •  in  Is  Bet  In  motion  and 

an  rotated     The  cont     I  ai  m  makes  electrii  al  contact 

with  the  drum  during  lis  revolu thus  causing  a  series  of 

circuit       I  lectlng 

gear  it  i rided  to  ensun  the  machine  is  in  motion 

the  arm  cannot  .1!:  n  until  the  revolution 

'■'■    the  level  In  a  re  ■    >oh   is   IS  ft.,  what  one  would 
heai  on  the  t<  lephom    Id  be  a  Berles  of  ell 

the  I'oliiv.  in^r  sequi  - 

It  ■•  ■  sent  :n  groups  of  three, 

and  that  a  longi  ■   pau  el  the  digits     This  sys. 

r  repeating  the  signal  fhrice 

i  lone  line  is  automatically  cleared  and  the  Instru- 

again  ready  to  be  called  up  .1-  and  when  required. 

Thi     instrument    Is    entl  d    and    locked    up.    The 

or  dial    howi  it   all  times.    As  regards 

,  ($366) 

type  of  this  instrument  employ  1    pi bo  that  li 

e  hears  in  actual  words  I  This 

typo  is  unique  in  the  facl  that  II  a  danger  point  is  reached  if 
rinss  up  the  engineer  II 

The  Invention  ha    beei   1  .  03  Mr  Deane- Butcher,  and 

is  constructed  by  ent,   Ltd     199    High  Hoi 

horn.   London.  W.   0. 


Fuel  from  Sewage  Grease 

London, 
The   Scottish   Board   of   Health   suggests   that    In   order   to 
providi  n    with    water 

supplies  to  certain  districts  In    North   Ayrshire   it   would  be 

advisable    for    the    local    authorities    co nsider 

the  ques-tion  of  combinatl 

Expei  Imi  ni-  have  been  the  Binning] 

works    at     Ksholi    to    ascertain    how     far    the    recover    -• 

nun     be    utilized    for    fuel.      The    Sewage    Committee 
has   In    the  vicinity  of  the   work-   a   slack   of  coal   man-, 
in    extent    and    6    ft.    del  I  .lit     lieinp    thousands    of 

tons.  The  idea  has  been  conceived  of  combining  the  smudge 
from  this  coal  with  the  grease  taken  from  the  sewage,  and 
the  result  is  very  promising  \  briquette  somewhat  in  the 
form  of  an  egg  has  been  made,  and  this  has  been  found  to 
rj  successful  for  Bring  boilers  Manj  thousands  of 
i    the    briquetti      v    ■  ilaced    on    the    market. 

big    demand    i-    :i li f  ||    the    ,  ,,ai    ' 

is  prolonged,  and  probably  afterwards. 


Specific  Heat. 
The  ,t  of  any  material   is  the  number  ol    B.t.u. 

required  to  n  pound  one  degree 

Fahrenheit.     By  the  definition  ol  a   B.t.u    the  specific  hi 

water    Is,    in    .out:.,    equal    to    1       The   spei 

well-known  itelj   as  follows:   AJuml- 

0.21;   C0PP<  r  i.  a    i I  it  ;    brickwork 

on,  0  13;   Btei  I,  0.12      v\ .  > 1 1 u  1 1 1    iron.  0  12 
\     an  example  of  the  use  of  these  constants  suppose  thai 
I  to  Bnd  out  how  ii i n <  h  heal  will  be  absorbed  bj 
1,000   lb,   of   wrought-iron    piping    at    7"   deg    Fahrenheit,    If 
team  al  atmospheric  pn  tl  d  to  II     On  the  ad- 

mission of  the   -team  the  tempei  iture  of  the  pipe  will  rise 
approximately   to  212   d<  |    (thi    temperature   of 

The  temperatui  ■  12      70  =  142  di 

To  raise  ,,ne  pound  of  wrought  Iron  one  degree,  0.12  B.t.u.  Is 
required      Therefore    the    heat    required    to    raw,.    1,000   lb. 

througb  L42  degrees  will  be  I, 142  >  0.12=  17. em  ntu 

Vbout  17  Mi.  of  steam  would  bi  I  en  ed  In  beating  up  the 

pipe,  a     omlng  that   a  pound  team  give     up  about   1, 

Power. 
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How  to  Improve   Relations  Between 
Public  and  the  Utility 

Abstract  of  a  Paper  Presented  at  Recent  Conven- 
tion of  Tri  State  Light  and  Water  Association 

By  O.  11.  BESSELL. 
There  is  one  broad  principle  which  I  think  may  be  applied 

with  good  result  always  treat  the  public  with  perfect  can- 
dor, putting  forth  every  effort  to  gain  its  confidence;  let 
everything  be  open  and  above  hoard.  Everj  consideration 
within  reason  should  be  shown  the  individual  and  every 
effort  made  to  make  Mm  feel  that  you  are  not  only  glad  to 
.on  but  thai  you  have  his  interest  al  heart.  This  rule 
when  applied  to  the  individual  permeates  the  whole  body 
like  leaven  and  lays  a  foundation  for  a  kindlj  feeling  and 
•a  ill  which  is  a  prerequisite  to  the  successful  handling 
p.oplo.  and  will  tend  more  than  anything  else.  I  be- 
lleve,  to  overcome  the  prejudice  and  antagonism  which  exists. 

Three  Qualifications  for  Handling  Public— There  are  three 
qualifications  necessary,  in  my  experience,  to  in  any  way  suc- 
cessfully handle  the  public.  First,  self-control;  second,  some 
knowledge  of  human  nature,  and  third,  what  we  may  call 
an  instinctive  perception  of  the  kind  of  individual  you  have 
to  .leal  with.  It  is  well,  also,  to  try  to  impress  him  with  the 
feeling  that  you  are  interested  in  his  side  of  the  question 
and  that  you  sympathize  with  him.  Try  and  keep  your  tem- 
per always,  and  if  possible  let  him  get  the  idea  at  the  start, 
at  least,  that  he  is  right.  This  attitude  on  your  part  avoids 
friction  at  the  beginning,  which  friction  is  hard  to  gel  i  id 
of  after  it  has  been  set  up.  A  weakness  of  human  nature  is 
that  most  of  us  like  to  feel  that  we  are  right  in  our  conclu- 
sions and  judgment,  and  once  you  have  gratified  this  egotism 
it  is  more  easily  handled. 

It  goes  without  saying  that  courtesy  and  politeness  are 
necessary  assets,  but  by  means  of  this  instinct,  or  intuition, 
if  you  please,  you  sometimes  discover  that  the  end  is  better 
served  by  being  not  so  polite;  for  some  people  take  ordinary 
courtesy  and  politeness  to  be  an  indication  of  servility,  and 
need  to  be  checked  at  the  start  and  given  to  understand  that 
while  you  may  be  a  public  servant  yet  you  have  some  rights 
which  he  is  bound  to  respect. 

Sizing  Up  the  Individual. — The  person  dealing  with  the 
individual  must  size  him  up  and  work  him  according  to  his 
best  judgment,  as  to  his  disposition,  and  general  makeup,  and 
to  this  end  it  is  best,  as  suggested  before,  to  let  him  believe 
at  first  that  his  side  of  the  question  is  right,  for  this  will  give 
you  time  to  take  his  measure  and  handle  him  accordingly.  It 
has  been  my  experience  that  there  are  times  when  it  becomes 
necessary  to  he  apparently  rude  and  dogmatic,  but  you  must 
be  reasonably  sure  of  your  man.  This  knowledge  I  believe  is 
not  easily  acquired  by  experience,  if  ever;  but  rather  seems 
to  be  instinct,  or  perhaps  intuition  would  sound  better. 

There  is,  for  instance,  the  fire-eater  who  stalks  into  the 
office  with  "blood  in  his  eye,"  having  fully  made  up  his  mind 
on  his  way  there  to  mop  up  the  floor  with  someone  if  he  does 
not  get  just  what  he  wants,  hut  who  if  handled  with  the 
judgment  or  instinct,  or  intuition  referred  to,  goes  out  as 
mild  as  "a  May  morning"  without  having  accomplished  what 
he  came  for  and  many  times  a  wiser  and  better  man.  The 
party  handling  such  an  individual  should  possess  this  in- 
stinctive knowledge  of  human  nature  to  a  degree;  in  one 
case  it  may  be  best  to  be  exceedingly  polite,  letting  him  have 
all  the  rope  he  wants  until  he  runs  out,  and  again  it  may  be 
thought  best  to  meet  him  with  a  belligerent  attitude  and  give 
him  as  good  as  he  sends;  but  as  I  have  said,  there  is  no  rule 
■which  can  be  universally  applied.  It  is  a  matter  of  what  I 
call  intuitive  judgment. 

Handling  the  Cocksure  Individual. — Then  there  is  the  indi- 
vidual who  has  carefully  gone  over  the  details  of  his  case 
and  built  up  such  an  unbroken  chain  that  he  is  cocksure  that 
he  has  you  tied  hand  and  foot  and  entirely  at  the  mercy  of 
his  logic  and  reasoning;  he  should  be  handled  in  an  entirely 
different  manner.  It  may  he  best  to  let  him  think  that  he 
knows  it  all,  taking  care  not  to  tell  him  that  he  does  not  in 
so  many  words,  but  gradually  let  him  see  this  for  himself  by- 
means  of  the  facts  you  set  before  him.  In  other  words,  give 
him  the  milk  but  don't  let  him  see  the  bottle  he  is  drinking 
out  of. 

Then  there  is  the  well  disposed  and  ir<ld  mannered  gentle- 


man who  comes  to  the  desk  with  a  smile  and  an  open  mind, 
seeking  information.  Ho  >;i\es  polite  attention  to  what  you 
say.  thanks  >  mi  for  your  I  rouble  and  information,  goes  out 
with  a  smile  and  a  pleasant  good  day.  leaving  you  with  the 
feeling  thai  life  is  worth  living  after  all. 
Then  there  is  the  argumentative   type   who   would   rather 

argue  with  you  than  eat.  and  all  you  are  able  to  get  out  of 
it  when  he  has  finished,  if  he  ever  finishes,  is,  that  it  is  for 
the  sake  of  argument;  for  this  individual  there  is  but  one 
way,  give  him  all  the  rope  he  wauls  and  thank  Cod  when  he 
is  through. 

The  Female  of  the  Species. — Last  but  not  least  in  this 
category  is  the  female  of  the  species,  which  is  said,  to  be 
"more  deadly  than  the  male."  What  shall  we  say  about  them? 
I  believe  the  least  said  the  soonest  mended,  would  be  a  good 
rule  to  follow,  hut  we  cannot  dispose  of  them  in  such  a 
summary  manner.  They  are  with  us  and  we  must  handle 
them.  I  believe  in  the  handling  of  the  ladies  we  can  come 
nearer  observing  a  fixed  rule  wiih  good  results  than  with  any 
other  phase  of  the  question — always  be  polite,  and  if  possible 
never  contradict.  You  may  differ  with  them  all  right,  but 
never  contradict  or  attempt  to  argue — it  can't  be  done,  you 
are  beat  before  you  start,  and  if  you  are  not  willing  to  con- 
cede that  you  are  beaten  in  the  argument  before  you  start 
you  will  discover  if  you  are  not  more  than  careful  in  your 
speech,  that  you  are  likely  to  be  beaten  literally  by  some 
other  fellow  when  you  have  finished. 

There  is  an  accepted  rule  in  mercantile  life,  I  believe,  which 
says  the  salesman  is  always  wrong  and  the  customer  right. 
While  this  may  be  hard  on  the  salesman,  it  is  doubtless  good 
business  for  the  merchant,  in  that  his  chief  object  is  to  hold 
his  customer  on  account  of  competition,  and  then  he  always 
has  a  chance  to  get  even  after  he  has  pacified  him;  but  in 
the  handling  of  the  business  of  a  public  utility,  such  utility 
at  least  as  I  have  had  experience  with,  I  believe  it  is  a  good 
and  necessary  rule  to  back  up  the  employee  to  the  limit. 
This  of  course  is  taking  it  for  granted  that  the  employee  is 
a  trustworthy  person.  This  attitude  towards  the  employee  by 
the  company  creates  a  sympathetic  and  hearty  interest  and 
a  co-operative  spirit  in  him.  and  at  the  same  time  has  a 
beneficial  effect  upon  the  pubiic. 

The  Privately  Owned  and  Public  Utilities. — There  is  a 
great  difference  in  the  handling  of  the  public  from  the  stand- 
point of  a  privately  owned  utility,  and  that  of  a  municipally 
owned  utility.  In  the  matter  of  adjusting  high  bills  and  other 
complaints  where  the  utility  is  privately  owned,  it  is  much 
easier  to  pacify  the  consumer;  for  you  are  bound  by  no 
inviolable  rule  but  have  the  right  to  discriminate  even  to  the 
extent  of  remitting  the  entire  bill  should  you  see  sufficient 
cause,  and  feel  disposed  to  do  so;  and  so  also  with  other 
complaints  for  you  have  a  greater  latitude.  While  with  the 
municipally  owned  utility  you  cannot  discriminate,  it  matters 
not  how  much  the  case  may  appeal  to  you,  as  long  as  it 
comes  under  the  rule;  for  you  must  apply  the  rule  in  every 
case  without  favor.  Each  consumer  feels  that  he  owns  the 
utility  and  that  his  case  is  just  as  deserving  of  a  compromise 
as  the  other  and  you  cannot  afford  to  be  the  judge.  Since  the 
plant  belongs  to  the  people  all  must  be  treated  alike  and  the 
consumer  thinks  that  he  is  the  best  judge,  so  you  can  only 
stick  to  the  rule.  This  is  an  advantage  in  many  ways,  for 
while  the  consumer  kicks  and  damns  the  rules  and  raises  cain 
about  it,  it  is  his  utility  and  the  rule  governing  his  case  is 
his  rule,  so  to  speak,  and  practically  amounts  to  law,  so  you 
can  apply  it  and  "sit  still  in  the  boat." 

Some  Experiences  with  Kicks  Against  High  Water  Bills. — 
It  may  be  interesting,  particularly  to  those  who  are  in  the 
water  business,  for  me  to  relate  some  of  the  experiences 
which  we  have,  especially  as  to  discovering  the  cause  of  high 
bills,  and  pacifying  the  kicker.  Of  course,  every  man  thinks 
that  his  troubles  are  worse  than  the  other  fellow's,  but  I 
think  that  I  can  say  without  fear  of  contradiction,  that  in 
the  matter  of  wasting  the  commodity  furnished  without  the 
knowledge  of  the  consumer,  there  are  more  ways  of  wasting 
service  in  the  water  business  than  is  possible  in  either  gas 
or  electricity.  For  instance,  a  consumer's  bill  will  run  below 
the  minimum  charge  in  consumption  for  six  months  or  more 
and  then  jump  to  four  or  five  times  the  minimum.  You  are 
called  on  to  explain.  Of  course  you  have  the  meter  re-read, 
find  the  reading  correct;  you  examine  the  fixtures,  find  them 
perfectly  tight;  you  watch  the  meter  indicator  dial  and  find 
that  it  does  not  move,  you  are  up  against  it;   the  consumer 
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condltlona  are  iiie  nune  ■  !   >'■"  cannot 

In  it. 
Again  the  bill  jump-  • 

I  of  the  meter  shows  that  th<  roaumption  in  the 

Interim,  between  the  reading  tor  th<  d  the  n  reading, 

about  ill''  same  as  the  dafl]      ns  imption  for  the  bill 
01  course  this 

say.  for  notwlthal  ■• 

consumer  that  ■  plnmber  ba    Jusl  gone  over  his 
and  found  nothing  wrong,  It  you  have  bad  buH 
you  will  be  able  t>y  careful  Investigation  > 
an  overflow  or  out:  which  the  plumber 

:iu  than  otherwise  overlooks,  and  bj  timing  the 
in.  ml  of  the  meter  with  your  wateb  you  may  convince  blm  that 
!.  r  baa  ben  wasted.    I  will  relate  an  expi  : 
me  when  we  first  began  to  meter,  which  will  explain 
the  tirst  instance  cited,  where  n»  reason  could  be  found  for 
the  high  bill. 

rtaln  Mr.  A.,  a  prominent  business  man  of  our  city, 
who  was  very  niurh  exorcised  as  to  the  effect  metering  would 
mi  bia  financial  condition,  requested  that  he  be  taught 
I  tl\.'  meter  so  that  be  could  keep  a  daily  record 

Tins  was  don.'.     He  bad  been  Informed   that 
with  due  care  the  meter  would  be  less  than  his  flat  rat.        \i 
the  tirst  month  his  bill  on  mounted  to 

He  had  been  enjoying  a  flat  rate  of  J9.50  per  quarter. 
this  lull  reached  him  lie  telephoned  for  me.    On  enter- 
ing his  office  he  said  to  me  with  sonic  at,  "You  are 

a  n of  a  fellow,  you  told  me  my  bill  would  be  less  on  the 

and  here  I  have  a  one  month's  bill  which  is  larger  than 
the  bill  for  the  quarter."  1  asked  him  where  his  record  was 
that  he  had  been  keeping  and  with  a  twinkle  in  his  eye  he 
i  it  to  me;  it  showed  that  for  20  days  the  consumption 
ry  normal,  then  the  record  ceased;  I  asked  him  why  he 
had  not  kept  it  for  the  full  period;  he  replied  it  was  running 
othly  that  be  thought  there  was  no  need;  but  he  said 
it  won't  catch  me  next  time.  On  the  15th  of  the  following 
month  he  called  to  me  to  come  to  his  office,  and  on  reaching 
the  office  he  banded  me  the  record;  for  14  days  there  was  a 
perfectly  normal  consumption,  and  then  it  jumped  to  four 
;he  amount;  I  asked  him  what  had  happened.  He  said, 
"Well,  when  I  saw  that  jump,  I  thought  the  meter  was  crazy; 
however.  I  proceeded  to  investigate  and  discovered  that  the 
faucet  in  the  chicken  yard  which  was  over  a  drain  pit  had 
been  left  open  by  the  cook."  "Well,"  I  said,  "Mr.  A.,  this  is 
splendid,  for  it  shows  just  what  you  are  up  against.  Had  you 
not  discovered  this  you  would  have  said  that  the  plumber 
could  find  nothing  wrong  on  your  premises  and  I  would  have 
been  able  to  find  nothing  wrong,  and  even  though  the  meter 
had  been  tested  for  your  satisfaction  you  would  not  have 
been  satisfied."  It  is  needless  to  say  we  have  never  had  a 
complaint  from  Mr.  A.  since. 

When  such  things  as  this  occur  you  are  up  against  a  hard 
proposition,  for  to  speculate  or  theorize  won't  do — you  have 
got  to  put  your  finger  on  the  trouble,  and  the  customer  says, 
"1  have  hail  a  plumber  go  over  everything,  he  finds  nothing 
wrong,  you  have  examined  everything  and  find  nothing  wrong, 
conditions  have  been  the  same,  consequently  your  bill  must 
be  wrong." 

It  is  not  always  an  easy  matter  either  to  reach  the  indi- 
vidual so  as  to  explain.  Only  a  short  while  ago  one  of  our 
csutomers  had  a  very  high  bill:  she  requested  a  re-reading 
of  the  meter,  and  when  the  meter  reader  went  to  the  house 
she  met  him,  watched  bim  re..  r,  and  when  he  an- 

nounced that  the  meter  was  going  at  the  same  rate  of  con- 
sumption as  the  bill  period,  she  informed  bim  that  he  did  not 
know  his  business  and  ran  him  out  of  her  yard.     I  had  the 
ire  of  attempting  to  pacify  this  individual. 
The  location  of  leaks  in  order  to  account  for  high  bills  does 
i  our  troubles.    v«u  must  explain  why  they 
>re  gauge  shows  a 
maximum  pressure;  often  you  find,  to  your  disgust,  after  you 
mble  to  investigate,  that  some  of  their  own 
•   off  the  water  at  the  stop  and  waste  cock. 
You  must  explain  also  why  the  water  shows  high  color  today 
and  did  not  do  so  yesterday,  et> 
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The  Efficiency  of  Irrigation* 

B]  G    i:    P   smith. 

oi   ol   Irrigation  En  tj   ol   Arizona. 

In  these  days  we  hear  much  about  efficiency.  There  is 
such  a  tiling  as  efficiency  of  irrigation.  It  may  be  defined  as 
the  ratio  of  the  water  benefit  lally  used  to  the  total  water 
diverted  onto  the  land.  The  water  beneficially  used  is  the 
water  that  is  actually  drawn  u  ward  by  plants  (not  including 
weeds)  and  is  transpired  through  the  stomatal  openings  into 
the  atmosphere.  The  transpiration  of  plants  is  far  greater 
than  most  .if  us  imagine  The  U.  S.  Department  of  Agriculture 
tells  us  that  ulfalfa  tranBpln      about   1.000  lb.  of  water  for 

I  ach  pound  Of  hay  produced.    It    is  the  water  gourmand,  other 
crops  requiring  considerahh  The  losses  of  water  are  by 

ition  from  the  soil  direct,  bj  seepage  downward  beyond 
the  reach  of  plant  roots  and  wilful  or  careless  waste,  which 
includes  irrigating  the  county  highway.  These  losses  aggre- 
gate  from  10  to  80  per  cent  of  the  water  applied,  depending 
on  the  method  of  irrigation  and  how  well  the  irrigation  is 
performed. 

Water  Losses  from  Canals  and  Ditches. — Another  loss  of 
non  water  is  by  seepage  and  evaporation  from  canals 
and  ditches;  this,  the  greatest  loss  of  all,  should  not  pass 
without  comment.  Nearly  all  of  this  loss  is  by  seepage. 
Measurements  of  the  seepage  losses  on  scores  of  canals  and 
ditches  have  been  compiled  and  published.  The  results  are 
startling.  Losses  of  over  10  per  cent  of  the  water  per  mile  of 
ditch  are  not  infrequent,  and  it  is  concluded  that  "a  large 
percentage  of  the  water,  estimated  at  40  per  cent  of  the 
amount  taken  in  at  the  heads  of  the  main  canals,  Is  lost  by 
absorption  and  percolation  along  the  routes."  The  records  of 
S.  Reclamation  Service  in  the  Salt  River  Valley  state 
that  the  canal  losses  between  the  diversion  dams  and  the 
points  where  water  is  delivered  to  the  water  users  have  been 
from  40  to  45  per  cent  of  the  total  amount  diverted.  While 
the  losses  as  given  in  the  records  may  be  overstated  some- 
what, it  is  certain  that  at  least  one-third  of  the  water  diverted 
is  lost  in  the  canals.  The  loss  from  the  Avondale  Canal  is 
40  per  cent  in  the  first  four  miles. 

No  practical  method  of  preventing  canal  losses  has  been 
found  except  by  the  use  of  concrete  linings  for  large  canals 
and  cement  pipe  for  small  canals  and  for  farm  ditches.  Lin- 
ings and  cement  pipe  lines  have  been  highly  developed  as  to 
permanency  and  efficiency,  and  the  cost  is  so  low  as  com- 
pared to  the  value  of  the  water  saved  that  it  is  only  good 
business  economy  to  make  the  investment.  Linings  and  pipe 
lines  have  many  additional  advantages.  They  may  obviate 
the  need  of  an  expensive  drainage  system  to  prevent  water- 
logging; ditch  cleaning  is  eliminated;  breaks,  especially 
those  caused  by  gopher  holes  and  the  tramping  of  stock, 
cannot  occur;  the  labor  cost  of  irrigating  is  greatly  reduced; 
and  pipe  lines  permit  of  running  the  lines  through  low  ground 
instead  of  following  contours  around  the  low  places. 

Ways  of  Reducing  Evaporation  Loss. — For  the  losses  which 
occur  in  the  transportation  of  water,  irrigation  associations 
and  the  land  owners  must  divide  responsibility,  but  for  the 
losses  which  occur  after  the  application  of  the  water  to  the 
land,  the  farmers  are  responsible  individually. 

There  are  many  ways  by  which  the  evaporation  loss  can  be 
reduced.  Some  of  them  are  deep  plowing,  frequent  cultiva- 
tions, use  of  fertilizers,  reducing  the  frequency  of  irrigations, 
and  irrigating  at  the  right  time.  Windbreaks  also  tend  to 
reduce  the  evaporation.  The  land  should  be  thoroughly  Irri- 
gated before  planting;  "Irrigating  the  seed  up"  is  an  unfor- 
tunate practice.  Where  th.  soil  is  deep  and  retentive,  one 
thorough  irrigation  of  alfalfa  pel  cutting  is  better  than  two; 
it  should  be  applied  about  eight  or  ten  days  before  cutting 
and  not  just  after  cutting.  <  >n  light  soils  two  and  sometimes 
three  irrigations  per  cutting  are  required;  the  irrigation 
should  be  light.  If  two  irrigations  are  given,  one  should  be 
given  when  the  alfalfa  is  about  5  In  high  and  the  other  about 
five  days  before  cutting  It  is  assumed  that  at  those  times 
the  color  of  the  alfalfa  will  be  darkening  noticeably,  but  that 
the  leaves  have  not  begun  to  Bhow  wilting. 

Loss  of  Water  by  Seepage.     The  loss  of  water  by  seepage 

is  the  hardest  one  with  which  to  deal.   The  extent  of  this  loss 

apparent  from  surface  Ini  pection,  and  the  remedies  are 

To  prove   that    the   loss   exists  and   is   large  Is 

Mo  nil      N'.arly  all   Irrigation    projects  soon   encounter 
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difficulties  due  to  the  rise  of  the  water  table,  causing  or 
threatening  alkali  troubles  and  waterlogging. 

On  most  soils  it  is  inevitable  that  there  should  be  some 
seepage  downward  and  in  districts  where  the  irrigation  water 
contains  considerable  alkali  or  the  soils  are  naturally  alka- 
line, a  moderate  degree  of  downward  percolation  is  desirable 
in  that  it  prevents  the  accumulation  of  the  alkali  in  the  sur- 
face  soil,  but  ordinarily  the  seepage  loss  is  excessive  ami  is 
unjustified  from  any  standpoint.  The  seepage  may  be  due  to 
general  over-irrigation,  too  heavy  and  too  frequent  applica- 
tions of  water.  More  often,  I  believe,  it  is  due  to  the  unequal 
distribution  of  water  over  a  field.  While  the  irrigator  en- 
deavors  to  get  sufficient  water  to  one  part  of  the  field, 
another  part  receives  such  an  excess  that  a  large  portion  of 
it  Beeps  downward  beyond  the  reach  of  the  root  system.  On 
thai  take  water  readily,  many  cases  have  been  ob- 
i  where  the  head  ends  of  the  lands  receive  water  for 
from  one  to  three  hours,  while  the  tail  ends  receive  only  a 
dribble,  and  that  tor  only  a  few  minutes.  Surely,  this  is  not 
an  ideal  irrigation. 

Uniformity  of  Distribution  of  Irrigation  Water. — Several 
ago,  the  writer  made  some  investigations  to  determine 
the  uniformity  of  distribution  of  the  irrigation  water.  In  one 
vj  loam  ii  was  found  that  the  average  percentage 
i  moisture  at  the  head  of  a  land,  for  six  feet  depth,  was 
increased  from  24.1  to  26.3  per  cent  by  a  1-in.  average  irriga- 
tion, while  at  the  tail  end  the  soil  moisture  was  increased 
from  l'.l  to  18  2  per  cent.  In  another  case  on  sandy  loam  the 
soil  moisture  at  the  head  end  was  increased  from  14.3  to  21.1 
per  cent  and  at  the  tail  end  from  8.3  to  12.2  per  cent.  In  both 
cases,  therefore,  the  head  end  had  more  soil  moisture  before 
Irrigating  than  the  tail  end  had  after  irrigating — a  prepos- 
terous condition.  Inasmuch  as  the  alfalfa  near  the  foot  of 
each  land  was  making  excellent  growth,  it  follows  that  the 
head  ends  of  the  land  were  getting  unnecessarily  large, 
wasteful  amounts  of  water.  On  one  of  the  fields  thus  tested 
the  average  depth  of  water  applied  in  1914  was  108.2  in. 
Unquestionably,  50  per  cent  of  the  water  thus  applied  sank  to 
the  water  table  and  was  wasted.  Many  similar  cases  have 
been  observed  where  the  quantity  of  water  absorbed  at  the 
head  ends  was  found  to  be  excessive  and  wasteful.  When 
these  conditions  exist,  the  remedy  is  less  water  more  rapidly 
applied,  by  means  of  a  larger  head,  or  shorter  runs,  or 
steeper  slopes. 

Slope  of  Land  and  Head  of  Water.— The  problems  of  what 
slope  to  give  the  lands  and  what  head  of  water  is  best  are 
interrelated,  and  involve  also  a  discussion  of  the  length  and 
width  of  lands,  and  the  character  of  the  soil  Any  one  of  these 
five  factors  can  be  taken  as  a  function  of  the  other  four 
factors.  The  problem  is  complex  and  should  be  solved  sep- 
arately for  each  crop,  and  for  each  locality. 

In  some  communities,  the  solution  is  thought  to  be  the 
grading  of  the  lands  level,  or  on  a  very  slight  gradient,  which 
entails  an  additional  expense  of  $20  to  $40  per  acre.  This 
outlay  is  of  doubtful  utility.  In  the  writer's  opinion  the  lands 
should  be  graded  down  the  natural  slope  or  approximately 
so.  Surely  any  lands  with  slope  from  3  to  40  ft.  per  mile  and 
with  good  soil  can  be  laid  out  and  irrigated  without  material 
change  in  the  general  direction  of  the  slope. 

The  other  factors,  then,  can  be  determined  so  as  to  give 
the  most  uniform  distribution  of  water.  Thus,  on  light  soil 
with  a  grade  of  20  ft.  per  mile,  where  a  large  head  of  water 
is  available,  perhaps  the  lands  can  be  laid  out  60  ft.  wide  and 
880  ft.  long.  If  the  head  of  water  is  small,  as  from  a  No.  5 
centrifugal  pump,  then  the  lands  should  be  not  over  30  ft. 
•wide  and  440  ft.  long.  If,  however,  the  grade  is  only  10  ft. 
per  mile,  the  lands,  perhaps,  should  be  660  ft.  long  for  the 
large  head  and  330  ft.  long  for  the  small  head. 

These  values  are  intended  to  be  suggestive;  on  shallow 
soils  underlain  by  caliche  the  lands  can  be  longer;  in  some 
cases  lands  1,300  ft.  long  are  irrigated  successfully.  For 
heavy  loams  the  lands  can  he  considerably  longer  than  for 
sandy  soil,  and  in  general  the  flatter  the  grade,  the  shorter 
should  be  the  runs  and  the  larger  should  be  the  head  of 
water.  Heavy,  or  "hard."  soils  are  found  usually  on  flat 
slopes,  as  from  5  to  10  ft.  per  mile.  In  the  latter  case,  the 
lands  may  be  as  long  as  %  mile,  but  they  should  be  narrow, 
say  36  ft.  wide,  so  that  a  small  unit  head  can  be  made  to 
cover  the  width  uniformly. 

Uniformity  of  Distribution.— The  final  adjustment  to  obtain 
an  even  distribution  should  be  made  by  varying  the  head 
of  water  in  each  land.     This  adjustment  should  be  made  last 


because  it  is  the  easiest  to  make.  Recently  an  irrigator  near 
Mesa,  Ariz .  complained  that  the  stand  of  alfalfa  was  better 
in  the  lower  part  of  his  field  than  in  the  upper  part.  He 
wished  to  regrade  the  field  so  as  to  reduce  the  fall.  But 
the  remedy  was  much  simpler  than  that.  His  head  of  water 
delivered  by  the  Reclamation  Service  was  300  miner's  inches. 
By  changing  his  order  and  obtaining  275  miner's  Inches  he 
would  get  a  uniform  irrigation  and  uniform  crop.  Many 
irrigators  have  difficulty  in  getting  the  water  across  their 
land.  They  require  a  larger  unit  head.  They  should  order 
more  water,  or  concentrate  it  in  fewer  lands,  or  if  this  can- 
not be  done  without  increasing  the  unit  head  to  a  point  where 
it  will  erode  the  soil,  then  the  length  of  run  should  be 
reduced. 

Uniformity  of  distribution  is  possible,  but  requires  thought 
and  skill  and  probably  some  investigation  on  the  part  of  the 
irrigator.  Every  irrigator  should  use  a  soil  auger  or  a  shovel 
to  ascertain  the  penetration  of  the  water  and  the  condition 
of  the  soil,  at  least  to  5  ft.  depth,  before  and  after  an  irriga- 
tion. This  should  be  done  near  the  head  end,  near  the  center, 
and  near  the  lower  end  of  one  or  of  several  lands.  It  would 
be  folly  to  lay  down  general  rules  for  the  lengths  of  lands, 
the  slope,  the  desirable  heads  of  water,  or  the  frequency  of 
irrigations.  Much  good  sense  and  judgment  must  be  exer- 
cised.   Even  variations  of  climate  may  vitiate  a  rule. 

Duty  of  Water. — As  to  the  total  quantity  of  water  required 
for  a  crop  in  a  season,  little  will  be  said  here.  The  amount 
Of  water  applied  per  acre  is  called  the  duty  of  water,  and  ia 
best  expressed  by  stating  the  number  of  acre-feet  of  water 
per  acre  per  year.  In  many  localities,  however,  the  duty  is 
stated  as  the  number  of  acres  per  miner's  inch  or  per  second- 
foot,  or  the  number  of  miner's  inches  per  quarter  section  of 
land. 

Alfalfa  requires  more  water  than  any  other  common  crop, 
and  alfalfa  is  the  best  basis  for  study  and  for  comparison  be- 
tween different  practices  inasmuch  as  it  is  grown  extensively 
on  all  varieties  of  soil  and  in  all  altitudes  and  climates. 

The  most  elaborate  duty  of  water  investigations  have  been 
made  in  Idaho  and  California.  In  Idaho,  Don  H.  Bark,  after 
investigations  covering  four  seasons  and  costing  $60,000,  pub- 
lished many  definite  conclusions,  one  of  the  most  interesting 
of  which  is  that  the  economic  irrigation  of  alfalfa,  in  Idaho, 
on  good  loam  soil,  in  an  irrigation  season  of  a  hundred  days 
requires  three  acre-feet  of  water  per  acre.  The  investigators 
of  the  California  Agricultural  Experiment  Station  have  con- 
cluded that,  in  the  Sacramento  Valley,  alfalfa  should  receive 
from  30  to  36  in.  depth  of  irrigation,  the  first  cutting  and 
sometimes  the  first  two  cuttings  being  obtained  before  any 
water  is  applied.  In  Arizona  the  irrigation  season  is  over 
200  days  in  length,  and  investigations  show  that  there  is 
about  as  much  increase  in  crop  in  the  application  of  the 
seventh  or  eighth  acre-foot  per  acre  as  in  the  third  or  fourth, 
and  the  rate  of  increase  is  a  little  over  a  ton  of  hay  per 
acre-foot  applied.  One  record  in  the  Casa  Grande  Valley  in 
1918  showed  22  irrigations  of  about  5%  in.  depth  each.  The 
owner  claimed  that  he  cut  13  tons  per  acre,  and  the  county 
agricultural  agent  maintained  that  the  record  was  correct. 
There  seems  to  be  almost  no  limit  to  the  amount  that  can 
be  beneficially  applied  to  alfalfa,  but  excessive  amounts  can- 
not be  recommended  or  tolerated  because  of  the  rising  ground- 
water plane   that  inevitably   results. 

With  other  field  crops,  however,  there  is  an  optimum 
amount  that  should  be  applied,  and  if  a  larger  amount  Is 
used,  the  crop  yield  is  actually  reduced.  Cotton  requires 
from  two  acre-feet  on  medium  loam  soil  to  three  acre-feet 
on  light  sandy  soil  and  on  new  desert  soil,  and  milo  maize 
requires  even  less.  Rice,  in  the  Sacramento  Valley,  re- 
quires from  four  to  five  acre-feet  per  acre. 

In  comparing  records  of  the  water  used  in  different  locali- 
ties, it  is  found  that  the  duty  of  water  is  much  higher  when 
the  water  is  delivered  and  charged  for  on  a  measurement 
basis  than  when  the  irrigator  pays  a  fixed  price  per  acre 
per  season.  In  places  where  the  basis  of  payment  for  water 
has  been  changed  from  the  flat  rate  to  a  definite  sum  per 
acre-foot,  the  quantity  of  water  used  by  farmers  has  decreased 
at  once.  Rotation  of  water,  also,  results  in  a  marked  saving 
over  the  older  practice  of  continuous  flow  to  each  water- 
user,  a  practice  that  still  obtains  in  the  more  northerly 
irrigated  states. 

Not  the  least  important  among  the  factors  determining  the 
acreage  that  can  be  served  by  limited  water  supplies  are  the 
character  of  state  laws  and  the  attitude  of  judges  and  others 
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unfortunate   In   thl  u    there   baa    been 

much  confusion  In  laws  and  court  di  Montana 
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hi  ordei    to   bold  i  amounts 

.M.my  ...tin  decisions  In  other  inteful 

water    users,    thus  preventii                     nenl    ol 

Cost  of  Sewage   Pumping  at 
Columbus.  O. 

The  Division  ol  Si  wagi  ibus,  0    operates 

pumping  st .i t ion-     the  E  I   tlon  and  the 

Main  Station.    The  Bervlce  performed  b)   ihe  Brsl  mentioned 

Ing  of  the  dry  flow  '  Bmall  amounts  of 

storm  the  natural  <i i \  i<l>-  bi  tween  Alui 

ad  Olentangj   Rivers.    The  equlpmenl 
:  catcher  cleaned  by  moans  of  an  orangi    i  eel  bucket 

,i  motor-driven  hoist,  vertl        bar  cage  Bcreens; 
duplii  horizontal    direct    connected    motor- 

driven  centrifugal  pumps  discharging  Into  a  20  In    bj 

rce  main:   and  a   20  In.  by  7%   In.   venturl  tube 
with  recorder  and  register  equipped  with  oil 

following  data  on  the  operations  of  this  Btation  and  the 
Main  Station  are  taken  fnmi  the   1921   report   of  C.   D,   Me- 

'ant    chemist,    Division    ol    Water    and    Si 
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The  Formed  by  the  main 

pumping  of  thr>  Bow   from   anj    ol    the  four 
discharging  Into  the  Buctlon  wells  to  either  the  Bewage  treat- 
ment works  or  the  Scioto  River.   The  equipment  con 

.  atcher  deal  llj   operated 

stiff-leg   derrick   and   grab-bucl  il    bar   screei 

borlxont  I  ■     motor-driven   centrifugal    pumps 

with  a  rated  capacity  ol  barging  into 

..a   is  in,  bj   S30  n  .  or  e 
main  -  'in  works  I  and  a  48  In 

eq   ipped 

with  oil 

wheel  ■  ,,\ sd    The  pumps 

during  thi  is   i  i 

million  gallons  pumped, 

0    lift    lit    thlM    elation    is    :,    ft   ;     the 


discharge  bead  lvr,  ft  and  the  average  cos!  of  power  $0,012 
l"-r  kilowatt   hour.    The  operating  B8   follows: 
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Advantages    in    Applying    Cement   Mortar 
Under   Pressure 

Abstract    li  Engineering    from    a 

ol     \i .  hitecta  and  Englni 

application  of  cement  mortar  under  pressun 
in  two  ways,  as — 
(a)  a  hole  Is  bored   In  terial  to  be  Impregnated, 

■  lurry  of  cement  mortar  is  pumped  through  the  hole 

pressure  until  the  luantitj   has  I n  applied. 

iiii  The  cement   mortal  ed  onto  the  Burface,  suffl- 

being  obtained         means  of  pressure  applied  to 

the  slurry,  as  in  a  cement   gun     More  recently  it  has  been 

found  better  to  use  a   dry  mixture  of  cement  and  aggregate 

and    to   apply    water   under    pressure    to    the    surface   to   be 

covered. 

The  chief  difficulty  in  applying  a  liquid  mortar  lies  In  its 

ni  j    to    become   unmixed,    while    If   a    dry    material    is 

projected  through  a  Ions  ho   •    I  >    means  ol   a   stream  ol    water. 

a  considerable  amount  ol  Betting  may  occur,  and  the  hose 
may  gradually  become  choked,    Imperfect  mixing  of  the  solid 

and   water  may  cause   further  difficult! 

In   the     'lector''   process,   the   dry  materials  are   mixed  and 

moistened  so  as  to  nave  th sistency  of  garden  soil;   that 

is.  with  one-third  to  one-half  to  the  normal  amount  of  water. 
The  remainder  of  the  water  is  applied  at  the  nozzle  of  the 
machine  but  has  only  a  pressure  of  about  7  lb.  per  sq.  in.,  and 
bo  penetrates  the  mo    I  uite  readily.   The  hose  pipe  is 

never  quite   full  of  material,   but    has  a  current  Of  air  passing 

through  it  which  breaks  up  the  particles  and  facilitates  the 
use   ol    l"11   ,vanls   o  i    enables   chimneys   and   great 

lengths  of  tunmls  to  be  worked  without  difficulty. 

The  advantages  of  applying  concrete  under  pressure  are: 

l    The  great  density  ol  lining  produced. 

..  its  resistance  to  water  and  its  strength  being  much 
greater  than  stamped  concrete.  Slabs  of  'i  in.  when  made 
by  this  process  ari    ■  ible  to  water  under 

a  pressure  of  60  lb.  per  sq  in  I  tests  at  higher  pressures  have 
not  been  tried). 

::.  The  materials  unite  none  firmly  to  old  concrete  and 
Other  materials  than  is  the  ease  with  concrete  applied  by 
hand.  When  first  concrete  touches  the  Old  surface  much  of 
the  coarse  concrete  falls  off,  leaving  a  film  of  cement  mortar 
which   rapldl]    Blls   all   the   cracks   and    irregularities   in   the 

Burface  to  be  treated,  and  adheres  with  extraordinary  tenacity. 

As  soon   as  the  liim   has   been   formed   the   further  concrete 
adheres  fully  to  it.  and  produces  a   uniform  coating  ol 
adhesiveness. 
4.  Whereas  with  tamped  i  on,  ri  te  each  layer  Is  a  source  n 

weakness,    when    pressure  used    no    difference    in    strength 

occurs   at   the  junction   •  us   coatings,   nor  can   any 

junction  be     ■ 
Some   engineers  have   reared    that    concrete  applied   under 

ne  would  spall  readily,  but  this  does  not  occur  to  BO] 
■•  extent  than  when  concrete  is  applied  in  any  other 
manner  Under  certain  advi  I  e  conditions  spalllng  will  oi  cur 
under  any  circumstances,  but  while  precise  numbers  cannot 
in  quoted,  it  'ems  certain  that  concrete  applied  under  pres- 
sure Is  less  likely   to  spa II    than   ordinary  CO! 
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A  Proposed   State  Socialistic  Experi- 
ment in  California 

How  far  California  has  drifted  toward  socialism  will  be 
pretty  well  indicated  this  fall  when  a  statewide  ballot  is  taken 
on  the  question  of  bonding  the  state  for  half  a  billion  dollars 
with  which  to  develop  hydroelectric  power  and  water  for 
irrigation.  Electrical  World  has  recently  taken  a  poll  of  the 
principal  California  newspapers,  with  the  following  results: 

Favorable   to  the  act    ll 

'Opposed  to  the  act   49 

remittal    4-' 

1     102 

This  seems  to  indicate  that  the  proposed  bond  issue  will 
fail.  There  is  another  reason  for  believing  that  it  will  not 
carry,  namely,  the  experience  of  Los  Angeles  with  its  aque- 
duct and  municipal  electric  power  plants.  Although  Los 
Angeles  is  still  in  the  experimental  stage  of  municipal  own- 
ership, and  is  able  to  offer  seemingly  good  excuses  for  not 
having  yet  accomplished  the  savings  that  were  promised,  a 
goodly  number  of  its  voters  are  beginning  to  have  doubts. 
It  is  noteworthy  that  politicians  who  favor  the  $500,000,000 
state  experiment  are  not  "pointing  with  pride"  to  the  Los 
Angeles  experiment.  That  is  too  near  home.  But  they  are 
pointing  to  Ontario.  Canada,  where  a  similar  plan  has  been 
in  operation  several  years.  Unfortunately  for  the  politicians, 
however,  the  Ontario  experiment  has  recently  been  investi- 
gated by  a  competent  American  engineer  who  finds  it  to  be 
an  economic  fiasco.  Mr.  W.  S.  Murray,  former  head  of  the 
U.  S.  Government  Superpower  Survey,  has  spent  six  months 
in  Ontario  gathering  the  necessary  data  for  a  report  on  the 
Hydro-Electric  Power  Commission  of  Ontario,  and  his  con- 
clusions will  certainly  carry  greater  weight  than  the  guesses 
of  politicians.  Among  other  things  equally  convincing,  he 
says:  "The  American  companies  in  the  Niagara  district  are 
supplied  by  steam  power  far  more  than  those  on  the  Canadian 
side,  and  yet  on  the  American  side  power  is  being  furnished 
at  less   cost   to   the   people."     In   other   words,    the   publicly 

(1 


owned  plants  of  Ontario,  which  secure  87  per  cent  of  their 
power  at  Niagara,  are  unable  to  undersell  the  privately 
owned  plants  at  Niagara  Falls,  X.  Y.  In  the  Niagara  district, 
the  Canadian  commission  sells  power  at  an  average  price  of 
9.25  mills,  whereas  the  private  companies  sell  in  the  corre- 
sponding American  district  for  T.ti  mills  per  kilowatt  hour, 
or  18  per  cent  less,  in  spite  of  the  tact  that  the  latter  pay 
taxes  and  the  former  do  not.  The  taxes  in  Ontario  amount  to 
0  6  mill  per  kilowatt  hour  for  electricity  produced  by  private 
i  ompanies,  so  that  if  taxes  were  included  the  American  pri- 
vate companies  would  be  underselling  the  Ontario  Govern- 
ment by  22  per  cent  in  the  Niagara  district. 

It  will  take  a  lot  of  speechifying  to  camouflage  such  facts, 
so  we  look  to  see  California  politicians  drop  the  Ontario 
•  \L.inple  and  look  for  one  in  Australia,  or  Scotland,  or  wher- 
ever  it  is  hard  to  ascertain  tin    I 


Who  Is  Responsible   for    Inadequate 
Railway  Earnings? 

In  its  recent  rate  decision  the  Interstate  Commerce  Com- 
mission speaks  of  5.75  per  cent  as  being  a  fair  rate  of  return 
on  railway  capital.  Most  railway  companies  have  so  long 
suffered  from  even  more  inadequate  returns  than  5.75  per 
cent  that  probably  many  railway  officials  are  prepared  to 
offer  thanks  for  that  much,  or  rather  for  the  prospect  of 
securing  that  much  some  day.  But  where  is  there  a  business 
man  in  any  kind  of  business  who  would  regard  his  business 
as  satisfactory  if  it  normally  yielded  only  5.75  per  cent  on 
the  investment?  If,  then,  such  a  return  is  universally  re- 
garded by  business  men  as  being  inadequate,  why  is  ft  that 
no  chambers  of  commerce,  no  associations  of  merchants,  no 
manufacturing  societies  have  yet  passed  resolutions  con- 
demning the  Interstate  Commerce  Commission's  decision  that 
5.75  per  cent  is  an  adequate  return  on  railway  capital?  This 
long  question  can  be  answered  in  one  short  word — selfishness. 
Each  person  wants  the  other  fellow  to  "hold  the  bag." 

However,  most  men  have  a   way  of  ceasing  to  "hold  the 
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tier  its   weight   be<  ;  illway 

Invest                          i     to     or)    ha>  ■    I  ■-•      go   ' ■  fused   t" 

■  .  hit  bad,  .mil  the  i  that  Bteam 

ami  •  !• .  in.    rail n                          d  duced   almost 

vanishing   point      Rallwaj    equlpi  en)    and    terminals 

nadequate  to  carrj  peak  load  and  everj  Btudent 

:•   tlon  tenon     tti.it  it  « ill  not  I  >ng  bi  tore  farm- 

■  iren  and  merchants  »  111  damning  thi 

not   piw  Idlng  adequate    I  ["hen  it  I     that 
.  •  t  pa]  men)  in  coin  ol 

(allure  ol   the   Bhlpplng   publli    to  railway   owners   In 

quale  profits  will  be  almost  nttrelj  to  blai 

dlwaya   to   provide   adi  q  u  te    tran  portatlon 

Without  doubt  it  is  temporarily  popular  to  reduce  railway 
ml   bow  long  will  it  remain  popul  We  trust  that 

business  men  ol    America  001 to  see 

•  ol  mm.  things  will  surely  happen  II  rallwaj  companies 
continue    to   earn    Inadequate    profit         (1)    Either   railway 
facilities  will   grow  worse,  it  121   government   ownership  of 
llwaye  will  in>  forced  upon  the  country. 


Make  the  Valuation  Reports  Easier  to  Use 

Tti"  value  df  any  work  may  be  mi  red  by  the  use  to 
which  ii  may  be  put.  Based  on  tin-  premise  the  work  of 
leraJ  valuation  forces  Is  falling  in-  short  of  its  possi- 
bilities ami  th.  Division  is  not  fully  discharging  its  obligation 
to  th.  public  This  work  has  now  been  in  progress  for  nearly 
ten  years  ..nil  has  coal  tin.  carriers  and  the  Government  over 

Tentatlvi  reports  have  been  Issued  on  nearly  2o0  properties 
and  this  number  is  being  increased  almost  daily.  Copies  of 
these  reports  are  being  sent  to  the  railways  concerned,  to 
the  governors  and  the  public  service  commissions  of  the 
.ii  which  the  properties  are  located,  and  to  the  attorney 
general  of  the  United  States.  These,  however,  constitute  only 
a  small  portion  of  those  interested;  tin  investors  in  the  se- 
curities of  the  railways  have  a  direct  interest,  as  do  the 
era  and  the  public  at  large.  In  view  of  these  vast 
expenditures  of  time  and  money  it  is  important  that  the 
reports  t.e  presented  in  a  manner  which  will  enable  these 
varioi  •     to  plac-  the  same  Interpretations  upon  the 

information  and  make  them  of  the  maximum  value  to  all 
interested  parties,  This  is  not  now  being  done.  Undertaken 
originally  as  a  means  of  protecting  the  public  from  the  evils 
of  over-capitalization  then  feared,  the  valuation  work  is 
now  seen  to  afford  protection  to  the  investor. 

The  reports  as  now  issued  contain  a  vast  mass  of  informa- 
tion concerning  the  properties  which  is  bewildering  to  the 
average  railway  man,  investor,  or  public  officers,  and  is  under- 
tl  le  ..nl>  to  ttie  expert;  moreovei  because  of  their  com- 
plicated make-up  thej  may  lie  misused  to  the  detriment  of 
publli  Interest  Important  and  necessarj  .is  this  information 
is.  it  would  seem  highly  desirable  for  the  commission  which 
has  prepare. I  the  report  and  collected  the  information  incor- 
porated in  it  to  summarize  this  Information  in  a  brief  intro- 
ductoi  '  'ii  win.  ii  tlier.-  v.. mi.:  appear  those  figures 

in    which    the    vast    majority    of    tie  -rested. 

tn<  luil.  the  commission's  finding]  < . t  value,  including 
the  property  owned  and  used  for  transportation  purposes, 
the    'and    and    buildings    owned    but    !  01     transporta- 

nd  other  In  a  contrast  with  the  capitaliza- 

!id  the  carrier's  and  thi  iook  record  of 

ii,   road  and   •  Further   than   this,  many 

1    in   tin-   (nst  of  reproduction   and    the  cost  of 

luctlon    less    depreciation   of   the    property    owned    and 

and    of   that    owned    but   not    used    tor   transportation 

purp. 

trlzing   this    ..te!   othei  lata   which   would 

Involve   little  additional   work,   the   ci  tecl 

all. I      Would 

the  public  for  which  the  Division  of 
Valuation  ww  i  reated.    'i  he  comi  :  elf,  as 

P  ildii  ,    to    complete    Its    report    in    this    way    to 
■  in. .a  and  to 

the  public  regulatory  bodies,  thi  ra  Iways  and  in- 
vestors to  avoid  .ill   possibility  ol 

The    '  ill    render    a    r    •                                  the   railways 
and   to  ted    In   them   b)    ,                               .1   sum- 
mary   in  ordi  r   that   "he   who   i 
Rallwaj 


A  Record  in  Rail  Production 
Production  of  rails  inn  lb.  and  over  per  yard  in  1921  was 
He-  greatest   In  the  historj    ol    the   rail  Industry,  the  output 
349,566  tons,  the  beavii    t    production  of  such  sections 

previously    having   I i   766,851    tons,   in   1916.     It   has  been 

i     l.ss    customary    for   many    years    past    to   speak    of 
there   being   a   '■controversy"    between   the   rail    producers   and 

the  railroads,  but  the  word  I     not   altogether  fitting.     1 
has  be.n  s  difference  of  aim     The  railroads  wanted  a  higher 

quality  of  rail,  with  little  exti t  no-r  the  base  price,  while 

the  rail  mills  favored  tie  eaviei     ectlon  .    it  would 

app.ar  from  the  statistics  ol  production  that  the  rail  nulls 
have  been  making  progress  :n  having  their  contention  put 
into  practice,  for  the  ratio  ol  rails  100  lb.  and  over  to  rails 
^.".  lb,  and  over  lint  under  1""  lb.  has  been  steadily  increasing. 
The  1921  production    I  l  ws,  in  gross  tons: 

1  tidi  i     50    ii.  

I   li. 

99    II.     9a 

i""   lb.   and  over 

Total    2,178,818 

The  total  production  of  rails  in  1921  was  small.  Since  1898 
there  have  been  only  2  yens.  1908  and  1914,  with  llghtei 
production.  The  record  high  production  was  made  in  1906, 
with  :l, 977,887  tons.  Statin  of  rail  production,  of  course, 
furnish  no  key  to  the  ma •  n  which  track  is  being  main- 
tained. In  l^s.7  ami  mail  is  there  was  much  building 
of  new  railroad,  with  heavy  rail  production,  as  well  as  im- 
ports. In  1906  and  nearby  years  there  was  much  laying  of 
secondary  track,  together  with  particularly  great  replace- 
ment because  old  and  light  sei  tion  rails  were  being  destroyed 
rapidly  by  the  heavier  rolling  stock  recently  introduced. 

Even  at  the  present  time  there  is  some  rail  wear,  neces- 
sitating replacement,  that  w  ill  proceed  more  slowly  in  future, 
through  rails  being  replaced  by  heavier  sections.  If  the 
rails  ever  catch  up  with  the  rolling  stock,  by  improvement 
in  quality  and  increase  in  Bei  tion,  annual  replacement  require- 
ments of  the  railroads  will  represent  a  relatively  unimportant 
portion  of  the  total  steel  output  of  the  country.  It  is  recog- 
nized, of  course,  that  as  the  section  is  increased  the  tonnage 
required  to  lay  a  given  length  of  track  is  correspondingly 
increased. 

The  industrial  use  of  rails  has  been  increasing  steadily 
with  the  growth  of  industrial  operations,  or  even  more  rap- 
idly. In  1913  the  production  of  rails  45  lb.  and  lighter  was 
470,405  tons,  whereas  in  1920  the  production  was  489.043  tons, 
an  81  per  cent  increase,  while  for  1921  production,  naturally 
enough,  dropped  to  211,568  tons  The  proportion  of  light  or 
industrial  rails  to  rails  required  by  the  regular  steam  roads 
has  greatly  increased. 

The  bessemer  rail  has  practically  disappeared.  In  1907 
production  was  13  tons  bessemer  to  1  ton  open-hearth.  In 
1911  open-hearth  passed  bessemer  In  1921  there  was  36' 
tons  of  open-hearth  to  1  ton  of  bessemer.  In  1912-13  a  total 
of  about  6.000  tons  of  electric  rails  was  produced,  for  experi 
mental  purposes,  while  there  had  been  practically  no  such 
production  since  then.  The  alloj  treated  rails,  which  ran 
about  150,000  tons  in  both  1911  and  1912,  have  almost  disap- 
peared. Doubtless  there  is  a  connection  between  these  facts 
and  the  increased  vogue  of  rails  100  lb.  and  over  in  section. — 
i  ditorial  in  Chemical  and  Metallurgical  Engineering. 


Contracts  Let  for  Pennsylvania  R.  R.   Line  Into 
Detroit 

For  a  number  of  years  the  Pennsylvania  R.  R.  has  been 
planning  to  build  its  own  line  Into  Detroit,  Mich.,  from  Toledo,! 
O.  This  project  is  now  nearing  the  construction  stagi 
contract  for  grading  tor  twentj  miles  of  line  from  Carleto] 
to  a  junction  with  the  Wabash  R.  R.  In  the  village  of  Oal 
wood,  was  let  a  few  days  ago  This  line  will  be  double  track. 
and  one  track  will  be  laid  this  summer. 

The  total   cost   ol   the   i <t    will  be  between  $15,00 

and  $2(i.oiiii.iMiii.     it  is  planned  to  i  xpend  $3,500,000  this  year 
in  construction    The  entire  project  Includes  the  construction 

..I     image  yards  In  BScorse  town  hip  to  accommodate  i-'. 

freight  cars;  tin-  construction  of  a  new  belt  line  around  De 

i roll ,   ti rectlon  of  a  new    p  terminal  in  ci 

tion  with  the  I'eie  Marquette  and  Wabash  railroad,  and  thi 
1. milling  of  several  small  yards  in  Detroit. 
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Construction  Volume  Doubles 

The  following  weekly  summary  was  written  by  the  editor 
,i  Engineering  and  Contracting  tor  the  Chicago  Journal  of 
Commei  <  • 

Construction  statistics  for  the  first  five  months  o(  1922  are 
now  available  and  show  some  Interesting  tacts  when  eom- 
pared  with  tin-  corresponding  live  months  of  1920  ami  1921. 
Expressed  in  millions  of  dollars,  the  total  contracts  awarded 
in  the  three  corresponding  five-month  periods  were: 

K.rst   '.   Months.  "21. 

Public    Works    J    :;,i"        *    286 

'-5-">:'  .974  1.6S5 

.,1     $1,921         $1,259         $2,032 

Taking  construction  prices  as  100  per  cent  in  the  year  1913, 
the  corresponding  percentages  for  the  first  five-month  periods 
of  1920  to  1922,  were  250.  220  and  175.  In  other  words,  con- 
struction prices  for  the  first  five  months  of  1922  averaged 
r  cent  lower  than  for  the  corresponding  period  of  1920 
and  75  per  cent  higher  than  for  the  yea:'  1913.  Hence  the 
volume  of  construction  for  the  first  Ave  months  of  1922,  meas- 
ured in  materials  and  days  labor  and  not  in  dollars,  exceeds 
that  for  the  corresponding  period  of  1920  by  33  per  cent,  and 
that  of  1921  by  mo  per  cent. 

No  reliable  statistics  are  available  for  railway  and  public 
utility  company  construction  during  the  same  period;  but 
this  class  of  construction  is  languishing  for  lack  of  capital. 
The  recent  rate  decision  of  the  Interstate  Commerce  Com- 
mission, in  which  5%  per  cent  was  declared  to  be  a  "fair 
return"  on  railway  capital,  is  typical  of  the  shortsightedness 
of  most  rate-regulatory  commissions.  When  capital  can  be 
invested  in  so  many  other  ways,  with  less  risk  and  with  the 
probability  of  earning  considerably  more  than  6  per  cent,  few 
investors  care  to  put  money  into  railway  stock  to  be  used  for 
new  construction  and  betterments. 

There  has  been  not  a  little  criticism  of  the  government's 
policy  of  exempting  municipal  and  state  bonds  from  income 
taxation.  It  has  been  argued  that  such  exemption  is  attract- 
ing an  undue  volume  of  capital  into  public  works  construc- 
tion. However,  a  study  of  statistics  shows  that  public  works 
construction  is  not  holding  its  own  with  building  construc- 
tion. The  above  table  indicates  that  public  works  contracts 
totaled  only  17  per  cent  of  all  contracts  thus  far  this  year,  as 
compared  with  20  per  cent  in  1920  and  22  per  cent  in  1921. 

There  is  not  a  particle  of  statistical  evidence  to  show  that 
cities,  counties  or  states  are  growing  extravagant  because  of 
their  bonds  being  tax  exempt.  Public  works  construction,  it 
is  true,  is  somewhat  above  the  prewar  volume,  but  it  should 
be  remembered  that  it  was  subnormal  for  the  four  years  of 
1916  to  1919  inclusive. 


The  Railroad  Wage  Decision 

The  wage  decision  announced  May  29  by  the  Railroad  Labor 
Board,  signed  by  the  three  railroad  members  and  the  three 
public  members  of  the  board,  states  that  the  new  wages  will 
be  higher  than  in  other  industries  for  similar  work,  a  margin 
having  been  allowed  to  cover  the  hazards  of  employment 
and  other  considerations.  The  dissenting  opinion,  of  the 
three  labor  representatives  on  the  board,  says  that  the  wages 
decreed  are  insufficient  to  sustain  life  on  the  basis  of  Amer- 
ican standards. 

Here  is  a  big  issue  and  at  the  same  time  a  very  simple 
one.  It  cannot  be  claimed  that  the  wage  rates  prescribed 
are  relatively  low,  for  the  board  had  ample  basis  of  fact  to 
warrant  the  statement  that  railroad  wages  will  be  higher 
than  other  wages.  The  •contention  of  the  minority,  then,  is 
in  essence  that  all  wages  in  the  United  States  are  too  low  to 
sustain  life  on  the  basis  of  "American  standards." 

Now  the  use  for  wages  is  to  spend  them  for  commodities 
and  services.  The  commodities  and  services  must  be  avail- 
able or  they  cannot  be  bought.  Imagine  a  small  island  inhab- 
ited by  a  single  native  possessed  of  a  certain  amount  of  food. 
Two  men  are  shipwrecked  on  the  island,  each  with  $1,000  in 
his  pocket,  and  the  native  is  quite  willing  to  sell  all  the  food 
he  has.  Each  of  the  shipwrecked  men,  other  things  being 
equal,  will  get  half.  If  before  they  started  to  bargain  you 
had  given  each  man  $1,000  more  money  they  would  not  have 
got  any  more  food.  There  would  simply  be  $4,000  passed 
over  instead  of  $2,000.  The  food  would  not  be  Americanized 
by  that  means. 

Estimates   of   the    national    income    of   the   United    States 


made  respectively  by  counting  up  individual  incomes  and 
bj  counting  up  the  value  of  the  production  substantially 
agree.  The  income  buys  what  is  offered  for  sale.  If  we 
want  more  we  must  produce  more.  We  cannot  increase  the 
quantity  of  material  and  the  amount  of  service  by  bidding 
more  dollars. 

To  carry  on  industry  at  all  in  these  days  the  workers  must 
have  tools  and  direction.  The  railroad  workers  could  accom- 
plish nothing  without  cars,  locomotives  and  track,  or  with- 
out managers  to  direct  their  work.  These  things,  tools  and 
management,  have  to  be  paid  for.  Approximately  speaking, 
between  20  and  30  per  cent  of  the  total  national  income  goes 
for  these  purposes,  workers  for  wages  and  salaries  getting 
the  other  70  or  80  per  cent.  And  there  is  strong  reason  for 
holding  that  the  workers  are  better  off  when  the  share  for 
tools  and  management  is  30  per  cent  than  when  it  is  20 
per  cent. 

There  is,  then,  only  one  way  to  bring  about  a  higher  stan- 
dard of  living  generally,  and  that  is  to  increase  production, 
by  men  working  harder  and  more  efficiently  and  with  better 
tools. — Editorial  in  Chemical  &  Metallurgical  Engineering. 


American  Association  of  Engineers  Annual  Con- 
vention and  Election  of  Officers 

The  eighth  annual  convention  of  the  Association  was  held 
in  Salt  Lake  City  on  June  5.  0  and  7.  The  following  were  the 
important  discussions  and  actions  of  the  meeting: 

The  reclamation  of  arid  and  swamp  lands  was  endorsed 
and  also  the  Smith-McXary  Bill  now  pending  before  Congress. 

The  appointment  of  an  engineer  executive  on  the  U.  S. 
Civil  Service  Commission  was  urged;  and  A.  B.  McDaniel 
recommended  for  appointment. 

Prompt  action  by  Congress  on  the  bill  to  aid  federal  em- 
ployes  (H.  R.  892S)   was  recommended. 

An  official  statement  of  the  policies  of  the  Association  to 
railroad  executives  was  authorized  to  acquaint  them  "with 
the  real  objects  of  the  A.  A.  E.:  the  betterment  of  the  con- 
ditions of  the  engineer,  the  education  of  the  public  as  to  the 
dignity  and  importance  to  civilization  of  the  profession  of 
engineering,  and  that  the  best  interests  of  the  profession,  as 
such,  call  for  loyalty  to,  co-operation  with,  and  devotion  to 
the  interests  of  the  client  or  employer,  whether  corporate  or 
individual." 

Action  by  Congress  to  relieve  the  labor  shortage  in  Hawaii 
was  urged  and  support  of  Joint  Resolution  171  H.  D.  recom- 
mended. 

Service  to  special  classes  of  engineers  was  recognized  and 
urged  by  the  Association  as  a  whole  rather  than  by  action 
as  classes. 

Close  co-operation  with  business  clubs  was  urged  and 
provided. 

Provision  was  made  for  support  of  work  or  local  units  by 
granting  them  40  or  60  per  cent  of  the  annual  dues,  depend- 
ing on  the  amount  of  work  undertaken  by  the  local  units. 

A.  N.  Johnson,  Dean  of  Engineering,  University  of  Mary- 
land, and  George  E.  Taylor,  Consulting  Engineer,  Charleston, 
W.  Va.,  were  elected  respectively  president  and  first  vice- 
president  of  the  ensuing  year. 

Civil  Service  Examination 

The  U.  S.  Civil  Service  Commission  announces  examina- 
tions for  the  position  of  Junior  Engineer  and  Deck  Officer 
in  the  Coast  and  Geodetic  Survey;  the  examinations  to  be 
given  Aug.  9  and  10  and  Oct.  4  and  5,  at  numerous  places 
throughout  the  country.  The  entrance  salary  is  $2,000  per 
year.    Examination  subjects  are  as  follows: 

Weights. 

1.  Mathematics    (including    trigonometry",       analytics.      me- 

chanics  and   calculus  i     15 

2.  Practical    computations    (involving   the    use    of   logarithm 

tables)    20 

3.  Modern    languages    (competitors    may    select    one    Oi    the 

following:   French.   German.   Spanish;   extracts   of   about 

125   words   are    given    for    translation    into    English  1 10 

•1.  Astronomv  ("questions  in  spherical  and  general  astronomy 
with  especial  reference  to  determination  of  latitude, 
longitude,  time  and  azimuth,  and  use  of  field  instru- 
ments)      20 

5.     Phvsics  (questions  in  optics,  magnetism,  etc.) 15 

c.     Surveying  (ouestions  in  plane  and  geodetic  surveying  and 

on    the   use   of   field    instruments)    20 

Total    10° 

More  complete  information  will  be  furnished  upon  request 
by  the  Civil  Service  Commission  at  Washington,  D.  C 
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Method    of    Widening    Five    Tunnels 

on  Virginia  Ry.  for  Double  Track 

The  recently  completed  double  trai  I         ol  the  Virginian 

■:  Elmore,  w    Va  .  and  <  :   ace  ol 

about  l."1.-  miles,  required  the  •••  innels.    This 

■  ntioned    work    Involved   a    numb,  il     'f   IntereBtlnj 

■  '(  which   was   the   "ho   i  bield    ill   the 

driving  ol  the  tunnel  headlnf  track      We 

:  M  ill.'  Rallwaj  Age  tor  the  following  details: 

The  five  tunnels  varied  in   length  from    :'.;   fl    i"   1  '-'■"•-'   ft, 

and    were    all    through    rock    which    is    cb  OT    hard 

tratlfied  and  often  underlaid  oi    Ini    mixed  with 
iid  coal  Beams,    it  was  of  com  lintain 

uninterrupted  traffic  and  as  the  rock  required  blasting  it  then 
m  proi  id.'  to 


-10- 


14-10'- 
The   Frame  for  the  Steel  Tt 


rock,  old  lining  or  miscellaneous  construction  and  other 
mat.  rials  from  falling  down  or  working  OUl  on  the  line.  To 
meet  this  requirement  a  sectional  Bhield  was  developed  which 
could  be  set  up  inside  the  old  tunnel  without  any  changes 
in  or  disturbance  to  the  old  lining  and  which  could  be  moved 
:  quickly  as  the  work  progressed.     Each  section  of  the 

'It   ft  a]. art  and 

supported  by  light  Bteel  posts.    Bach  arch  rib  was  built  up 

by   riveting   Bteel   plates,   cut  to  shape,  to  steel   angle  bars 

bent  t.  I.  'awing.     The  total 

II   ft     10  in.  and  the   maximum   overhead 

ft.  2  in    from  top  ol   rail      The  lagging, 

ting  of  4-in.  by  Sin.  planking  cut  in  the  was 

e  ribs,  thus  making  unit  ft.  long  and 

compli  •■  i 

■  re   timber   lined,    had    a   clear 
width  Inside  of  18  ft.  and  an  overhead  cl  of  21  ft.  6 

in.  from  top  of  rail,  while  the  don  onel  gives  a 

clear  width  30  ft.  6 

in    ami  an  overhead  cli  .bout  21  ft.  from  the  top 

of  rail     The  design  was  thai   of  •■  red   arch  of 

relnfo:  ••■  with  a  minimum  thickness  of  2  ft.  2  in., 

backed   up  with  the   usual   timber  lining   consisting   of  12-in. 
by    12-in.    posts    supporting    12  in.    by    li-in     ribs    and    com- 
pletely enclosed  by  8-ln.  lagging  on  the  I  [n.  over 
I..    Thus  in  order  to  obtain  the  nec<      try  clearance 


from  the  center    line  of  the  existing    Hack   il    was  necessary   to 

excavate  about  2  it.  of  the  Bide  wall  of  the  tunnel  beyond  the 

I    11-   Old   lining  On  one  side  while   th<    remainder  of  the 

arj  width  for  doubli  secured  by  excavation 

on  the  opposite  side  of  ih it.  r  line. 

in  carrying  oul  the  actual  work  of  widening  a  tunnel,  IS  of 
tee!  sections  were  erected  by  the  aid  of  a  ban 
rick  mounted  on  a  Sal  car,  regular  lining  ol  the 

Old  bore  This  gave  a  length  ol  60  ft.  o\.-r  which  the  work 
could  be  carried  on  with  complete  protection  to  the  operating 

tiack  ben.-ath.  With  the  protective  Bhield  In  place,  the  driv- 
ing of  a  heading  of  the  n  double  track  width  was 
started,  tin  this  work  thi  was  driven  through  for 
the  entire  length  of  the  tunr  I  before  any  work  was  started 
on  the  removal  of  the  bench.  This  plan  was  followed  in 
ei.ier  that  the  excavated  mid  be  hauled  out  in  the 
in.,  t  economical  waj  1  I  ■  oi  removing  the  2  ft.  sec- 
i en  on  one  side,  the  sect  1  ie  top  of  the  old  arch  and 
approximately  is  it.  on  tl ad  track  side  was  carried  on 

simultaneously. 

Air  drills  wen  used  tor  thi  work,  the  lighter  or  hand-type 
being  employed  in  prefer,  i.  •  to  the  tripod  type.  Prom 
four  to  six  were  In  operal  ch  heading.    As  the  rock 

was  very  hard   in  most   .  material    was   blasted  out, 

alter  which  it  was  loaded  Into  narrow-gage  dump  cars  which 
were  operated  over  a  track  laid  along  the  bench  as  excavated. 
A  platform  was  con  tructed  portal  on  which  the  cars 

could  be  run  and  their  contents  were  trapped  Into  standard- 
gage  cars.  On  an  average  about  22%  en.  yd  of  material 
was  removed  per  lineal  foot  of  tunnel.  Of  this  about  13  cu 
yd.  was  from  the  heading,  including  the  small  section  on  one 
side  and  :•';.  cu.  yd.  from  the  bench.  Progress  at  times  was 
exceedingly  slow,  long  stretches  being  excavated  at  a  rate  of 
not  over  1  lin.  ft.  per  day 

As  the  removal  of  the  heading  was  accomplished,  the  new 
timbering  was  erected  and  one  or  more  sections  of  the  shield 
moved  ahead,  the  face  of  tie  heading  being  kept  approxi- 
mately three  sections  behind  the  forward  end  of  the  shield. 
With  the  heading  driven  through,  the  bench  was  broken  or 
shaken  up  by  blasting  where  needed  and  the  material  re- 
moved with  a  steam  shovel  which  unloaded  it  into  air  dump 
cars  operating  on  the  main  line  between  regular  trains.  The 
cuts  along  the  line  were  blasting  where  necessar] 

and  the  material  removed  with  steam  shovels  and  standard- 
gage  (lump  cars.  All  the  material  excavated  from  the  cuts 
and  tunnels,  amounting  to  aboui  I'.'.a.iiiiO  cu.  yd.,  was  used  in 
widening  tills  for  the  double  tra 

The  compressed  air  to  operate  the  various  tools  as  well  as 
the  necessary  current  for  the  lighting  equipment  used  in  the 
tunnel  work  and  at  the  camps  was  turnished  by  two  separate 
compressor  and  electric  lighting  installations  Air  was  sup- 
plied through  a  4-in.  main  from  each  of  these  plant  Installa- 
tions, the  maximum  length  of  pipe  being  approximately  l1, 
miles. 

The  work  of  double  trai  planned  by  and  the  con- 

struction has  been  carried  out  under  the  direction  of  the  engi- 
neering department  of  the  Virginian  Ry.,  II.  Fernstrom,  cblef 
engineer;  A.  M.  Ti        •  liel  engineer,  and  .1    C 

(iuion.  resident  engineer  in  direct  charge  ol  the  work  in  the 
Held.  The  contractors  on  this  work  were  .1  V.  Boxlej  &  Co, 
and  Boxley,  Goodwin  &  Bray,  subsidiary  companies  of  W  W. 
linxley    a     1  \'a  .    ;,.    ,..  horn    the   original    contract 

was  let. 


Burning  Weeds  Along  Railway  Right  of  Way.— The  Texas 
&  Pacific  K.  K..  according  to  Popular  Mechanics,  is  using  a 
w.e.i  burning  outfit  which  will  1  leai  5  miles  of  track  per  hour. 
Upon  a  60-ft.  specially  built  car  is  a  unit  of  two  beating  re» 
tons,  one  of  which  is  a  ipaclt)  furnace  wherein 
combustion  between  air  and  gas  is  completed  al  a  t.  0 
lin.    "i  between  2,600  and  "■ i     nd  mixing  chamber 

which    is    the   same    in    style.    Imt    considerabl]    larger    and    in 

which  the  temperature  Is  reduced   to  aboul    1,400  to 
works  subsequently  and   in   conjunction   with    the   Ural      The 
heal  Is  id  iioie  Here  to  b  38-f(    hood  which  Btraddles  the 

tails    under    the    car    and    spread;    to    a    distance    Ol    10    tt.    out 
ward    from    thi     Centei     Of    the    railway        Steam    turblm 

,  drive  thi   blowing  tan    which  furnish  the  comb 

chambers    with    air.      Safety     dampers    are    also    provided    by 

which  the  ton-id  discharge  m..\   be  checked  In  passing  over 

bridges,  walks,  etc      Three  men.  an  oil  and  water  supply,  and 

an  oil-burning  engine  ar.-  required  for  operation  of  the  unit 
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Adjusting    Track    Construction    to    a 
Light  Weight  Street  Car 

An  interesting  description  of  two  track  jobs  completed 
Uy  in  I'ort  Worth,  Tex.,  in  which  advantage  was  taken 
ol  ih.  light  weight  of  the  Birney  cars  operated  there  to 
cheapen  construction  was  given  by  R.  G.  Taber,  of  his  Divi- 
-:oii  of  Construction  and  Engineering  of  Stone  £  Webster. 
in  a  paper  presented  last  month  before  the  Street  and  Inter- 
urban  Railway  Section  of  the  Southwestern  Electrical  and 
Qas  Association.  The  following  abstract  of  the  paper  and 
illustration  are  taken  from  the  Electric  Railway  Journal: 

Sim.  1906,  "hen  the  writer  first  became  associated  with 
Stone  £  Webster,  track  construction  for  permanently  paved 
-  has  undergone  radical  changes.  There  still  exists 
considerable  difference  of  opinion  as  to  what  constitutes  the 
best  type  of  construction  for  paved  streets,  but  all  agree 
that  what  we  are  striving  for  is  to  find  that  type  of  track 
ruction  of  first  low  cost  which  gives  a  long  life  with  an 
economical    maintenance   cost. 

The  most  successful  type  with  which  the  writer  has  had 
experience  is  what  may  he  termed  the  "sandwich''  type. 
This  involves  a  sub-base  of  concrete,  gravel  ballast,  the  track 
itself,  the  paving  base  and  the  surface.  The  sub-base  assures 
uniform  resistance  of  the  substructure.  The  gravel  ballast 
transmits  the  load  from  the  ties  and  its  flexibility  allows  the 
track  to  be  brought  to  a  true  surface.  It  also  allows  imme- 
diate operation  of  cars  on  completion  of  the  job.  Further- 
more, it  provides  resilience.  The  ties  take  the  load  from  the 
rail,  distributing  it  through  the  ballast,  while  the  rails  fur- 
nish the  requisite  stiffness  for  the  structure,  especially  after 
the  paving  base  has  been  poured. 

A  radical  change,  which  should  have  due  consideration  in 
the  designing  of  track,  is  that  which  is  due  to  the  modern 
lightweight  equipment.  It  is  inconsistent  to  build  track  for 
the  15,000-lb.  Birney  ears  as  heavy  as  that  which  is  necessary 
for  double-truck  44.000-lb.  cars.  Although  modern  equipment 
is  less  than  half  the  weight  of  old  designs,  this  does  not 
mean  that  the  track  weight  can  be  reduced  proportionately. 
It  does  mean,  however,  that  there  is  another  factor  to  be 
considered  in  the  design  of  street  railway  track  construction. 

Working  along  the  line  of  lighter  construction  of  track  for 
use  with  lighter  cars,  the  writer  first  attacked  the  matter  of 
tie  spacing.  The  standard  spacing  is  2  ft.,  but  on  two  track 
jobs  just  completed  in  Fort  Worth  the  ties  are  placed  on 
2S-in.  centers. 

On  these  tracks,  on  which  Birney  cars  are  operated,  there 
is  a  6-in.  concrete  sub-base,  with  4  in.  of  ballast  under  the 
ties.  Tie  plates  are  used  on  every  tie.  and  other  details 
include  screw  spikes.  7-in.  70-lb.  tee-rail,  brick  headers  next 
to  the  rail  on  the  inside  of  the  track,  a  6-in.  concrete  paving 
1  as.'  and  a  2-in.  bitulithic  wearing  surface.  The  total  length 
of  the  two  jobs  is  somewhat  over  a  mile. 

The  saving  on  these  jobs  was  37S  ties,  which  at  the  rate 
of  jl  77  saved  $650  or  13%  per  cent  in  the  tie  account. 
While  this  amount  may  seem  small,  in  a  city  paving  an  80- 
mile  street  railway  system  the  saving  alone  on  ties  at  this 
rate  would  amount  to  $2,600  per  year,  assuming  a  life  of 
2"   \ears  for  a  tie.     The  saving  would   apply  under  current 


conditions  as  to  prices  if  the  plates  and  spikes  are  included. 

The  tie  is  only  one  item.  The  writer  firmly  believes  that 
if  engineers  will  pull  together  they  can  make  large  savings 
in  other  directions.  Take,  for  example,  the  rails:  in  place 
of  the  special  rolled  sections  which  have  been  considered 
necessary  in  the  past,  with  lighter  equipment  it  ought  to  be 
possible  to  find  a  standard  section  that  will  meet  the  re- 
quirements. 

The  next  important  step  after  agreement  has  been  reached 
as  to  the  best  type  of  construction  for  either  heavy  traffic  or 
light  traffic  is  provision  for  proper  supervision.  This  is  a 
matter  which  usually  does  not  have  sufficient  attention. 

Referring  to  the  illustrations  of  track  cross-sections  used 
at  Fort  Worth,  Fig.  1  is  the  construction  now  being  used 
for  the  track  for  the  lightweight  Birney  car.  Fig.  2  shows 
th.    type  being  used  in  the  downtown  section  for  heavy  traffic 
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Fig.   1.   Above — Track    Used    In    Fort   Worth    for   Safety   Car    Traffic 

Only    (See    Table    I).      Fig.    2,    Below — Fort    Worth    Track    for 

Congested     Downtown     Streets     (See    Table     II). 

where  double-truck  and  interurban  cars  operate.  WThile  con- 
crete sub-base  is  used  in  both  cases,  the  writer  does  not 
believe  that  this  is  necessary  where  the  soil  and  other  natural 
conditions  provide  suitable  drainage. 


Street  Railways  Use  Pitch  in  Repairing  Brick  Pavements. 
— In  answer  to  a  query  in  A.  E.  R.  A.  regarding  the  use  of  pav- 
ing pitch  instead  of  cement  grout  in  repairing  brick  pave- 
ments, six  street  railway  companies,  all  that  replied,  stated 
that  they  used  pitch  as  a  filler.  E.  H.  Berry,  Engineer  of 
Roadways  of  the  Cincinnati,  O.,  Traction  Co.,  reported  that 
"much  better  results  have  been  secured  with  paving  pitch. 
By  using  pebbles  with  the  pitch  and  filling  all  voids  with 
the  latter,  water  does  not  penetrate  to  base  to  any  extent. 
It  is  much  easier  and  more  economical  to  make  repairs  when 
pitch  is  used.  Cement  grout  here  has  not  been  at  all  satis- 
factory, except  first  cost  saving."  P.  S.  Duenweg,  Engineer 
Maintenance  of  Way,  Houston  (Tex.)  Electric  Co.,  stated 
that  "for  all  paving  repairs,  such  as  joint  work  or  where  we 
are  repairing  small  patches  of  brick  pavement,  we  use  paving 
pitch  instead  of  cement  grout.  With  the  paving  pitch  traffic 
can  be  allowed  over  the  pavement  as  soon  as  the  same  cools, 
while  with  grout,  in  order  to  obtain  satisfactory  results,  traffic 
must  be  kept  off  for  several  days.  We  have  obtained  very 
good  results  from  the  use  of  paving  pitch  for  repairs." 


-Material   f.  r   l   mi],,  nf  traok- 


TABLE  I.— PATA  FOR  TRACK  AS  IX  FIG  1. 


"em.  Kind.  Size.  Quantity. 

Ra,"  High-tee    70-lbs     HO  tons 

'    Simplex    bars     7'i-U.s l">»  pairs 

Machine    54-in.  x  SV4-ln 360 

-liars    6-in.   x   9-in.    x    ',.-in 5.300    

SPIKes    Screw     %-in.    x    fi-in ll.OOu     

Ties    Pine    6-in.  x  8-in.  x  8-ft 2. 650    

Ballast      Oravel    *6-m.    to    2-in 1.250  cu.    yd. 

'■■IN'"'''r        B'tulithic   :'-n     thick    3.520  s. 

Brick   headers    Vertical  fiber   3-in.   x  4-in.    x   S-in 47. 01  n 

concrete     Paving  base     850  cu.   yd. 

Concrete   Mat     880  cu    yd 

TABLE  II  -   DATA   FOB  TRACK  AS  IX  FIG.  2. 

Material   for   1   mile  nf  track . 

Item.  Kind.  Size.  Quan'itv 

«*"  Groove  103-lb 162   tons 

i°\nt3     Xn,1\-    bars    103-lb 1  si   pairs 

g°hs      Machine    1  x  .1--n 360 

Tie   p  ates    Sellars   U  x  7-in.  x  10-in 5.300 

spikes    Screw     -1-. -in    x   M-in 11.000 

i'^f  Pine      6-in.  x  S-in.  x  S-ft 2,262 

Ballast     Gravel       U-in.    to   2-in 1.250  CU.  yd. 

Pavement     Brick    3-in.   x   4-in.   x   S-in 80.000 

*,ller     •  •  ■  ■  • Tar    Til    cu.    yd. 

Mortar    bed    Cement   sand    65.000    lb. 

Concrete   Paving  base   850  cu.   yd. 

Concrete   Mat     SSfi  cu.   yd, 


4.524  with  ties  on  28-in.  centers 
9.050  with  ties  on  2S-in.  centers 
2,262  with  ties  on   2^-in.  centers 
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I  ontracting  for  June   21,    1922. 


Cost  of  Treating  Ties  Should  Not  Be 
Charged   to  Maintenance 

[Bane  ol  March  16,  we  print.  sted  be- 

fore the  American  Wood  Preservers' 

l  biel  Engineer  Maim. -11.111.  !    ' >hio  H 

R     in  hb  paper  Mr.  Sttmson  gave  Ma  ■■■■  irdlng  chang- 

ing the  cost  of  treating  ties  to  malm,  plj  <°  Mr 

Stimnson's  paper  by  Mr.  K   s    Schwinn    I  '■    '   In"'r- 

,   Qreat  Northern  Ky „  appeared  Id  the  Railway  Re- 
view, from  which  we  reprint  the  mattei  I   at  follows: 

The  railway  maintenance  engineer  can        ■  nger  limit  his 
horizon  iu  considering  the  repairs  an  necessary 

for  the  property  In  his  charge,  bnt  mual   include  in  his  con- 
on  the  viewpoints  of  the  Bnanch         ■    executive  and 
ccountant     This  requirement   hat     een  growing  more 
Imperative  during  the  past  10  or  L6  >•  >d  ol  rapidly 

ilng  railway  regulation   I  ital  bodies,  which 

has  been  brought  to  a  Dttlng  climax  -sage  of  the 

Trans:  I  ol  1980.    Railroads  i     inol  be  constructed 

a  titutlbne  tor  the  public  benefit  only;  they 
must  cam  a  fair  return  upon  their  value  if  they  are  ex- 
pected to  continue  in  i  oast  of  the 
pmenl  and  progress  ol  the  1  they  serve. 
The  primar]  need  ol  a  railroad  le  to  i  nonej  tor  oper- 
ating expenses,  Axed  charges,  Impro  ind,  in  order 
may  prosper  anil  fulfill  it-  ob  'he  investors 
in  its  nfficient  to  pay  an  return 
on  those  securities.  The  lack  of  sufficient  earning  for  all 
of  these  requirements  is  fust  felt  by  the  mainti  nance  depart- 
ments, and  falls  heaviest  upon  the  maintenance  engineer. 
Still,  some  of  those  most  vitally  Interested  continue  to  advo- 
cate the  charging  into  operating  expenses  of  amounts  repre- 
senting improvements  to  their  property,  and  go  so  far  as  to 
argue  in  favor  of  the  most  glaring  inconsistency  in  the 
present  accounting  rules-  that  requiring  the  charging  of 
the  cost  of  treating  ties  to  maintenance. 

If  it  is  true  that  the  Classification  of  Investment  in  Road 
and  Equipment,  Issue  of  1914,  as  prescribed  by  the  Inter- 
state Commerce  Commission,  does  not  permit  a  charge  to 
tn  nt  covering  the  cost  of  treating  a  tie  used  to  replace 
an  untreated  tie,  although  it  and  the  Classification  of  Operat- 
ing Revenues  and  Operating  Expenses,  Issue  of  1914,  are 
both  notably  lacking  as  to  specific  instructions  on  this  point. 
Betterments  are  defined  in  the  Classification  as  improve- 
ments of  existing  facilities  through  the  substitution  of  steel- 
tired  wheels  for  casi  wheels  undei  the  applica- 
tion of  heavier  rail  in  tracks,  and  the  strengthening  of  bridges 
by  the  substitution  of  heavier  members  We  are  ted  to  infer 
that  the  excess  cost  of  metal  ties  applied  in  the  place  of 
wooden  ties  over  the  current  price  of  the  wooden  ties  re- 
moved is  the  only  betterment  that  can  be  obtained  in  a  tie 
system.  Are  we  to  believe  that  a  treated  tie  is  no  better 
than  an  untreated  tie?  If  this  could  be  i  tact,  then  why  do 
we  use  them? 

Treated  Ties  Superior  to  Untreated,  ["he  real  facts  have 
proven  treated  ties  superior  in  overcoming  decay  to  untreated 
ties.     Their  use  results   in   economii  ition   equally 

as  important  and  probably  even  greater  than   the  economies 
secured   from   the  application   of  heavier   rails,   ballasting  of 
nil  on    ol  grades,  or  the  nl  of  terminal 

I    of  the  nature  just  n    n!  ioned  are  made 
with  the  intent  of  reducing  opt  ratin  eutment 

of    ties   ordinarily    will    double    their    life,    and    in    that   way 
will  also  reduce  operating  expenses     i  Ible  that 

this  the  property 

under  apn  on  of  1        ■  ord? 

The    carriers   have,   during    the    pa   I  been   under- 

a  valuation  by  the  valuation 

This    bureau    bai     nol    valued    the 
nntri  II   recog- 

the  difference  In  worth.    There  would  h 
strenuous   objections  from   the   carrier      I    thi    bureau   had 
-done  otherwise.     Now  the  Ink 

is   attempting    to    perpetuate    this    valuation    by    its    Valuation 

:    !  ■  r   this  order, 

a  carrier  which  may  have  used  in  renewals   1,000,000  treated 

■  eplacing  onl  al  an  in- 
crea--  og  from 

■  .  probablj  nd  conservatively 

(120) 


averaging  50ct.  per  tie,  or  $500.0<>o  total  increased  cost,  can- 
no!  capitalize  this  1600,000  Improvement,  but  must  charge 
the  value  of  the  improvement  to  its  operating  accounts.  Will 
such  handling  perpetuate  the  in. uion  work  now  almost 
completed?  Is  it  not  unfair  when  this  carrier  is  deprived 
of  its  increased  value,  to  ki\.  nother  carrier,  constructed 
new  in  the  past  two  or  threi  pears  with,  say,  1,000,000 
treated    ties    in    Hack,   ihe    p  ol    capitalising    the    full 

cost  of  those  ties  and  earnini  higher  net  operating  income 
based  on  this  higher  capltall       Ion? 

Increased  Value  of  Tie  System.  Under  the  Transportation 
Act  of  1920  the  Commission  has  placed  a  value  upon  the 
carriers  by  groups  and  fixed  rates  designed  to  earn  a  fair 
return  upon  such  value  in  the  aggregate.  Two  years  have 
passed  and  at  no  time  have  the  rates  been  sufficient  to 
allow  even  a  fair-sized  minoi  ol  the  carriers  to  earn  this 
promised  return  upon  then  But,  assuming   that  con- 

ditions  had   been   normal    dui  this    period,    and    that  the 

carriers  as  a  whole  had  •  maximum  allowable  re- 

turn, then  this  return  would  h  ive  been  short  by  the  amount 
they  should  have  earned  on  the  increased  value  of  their  tie 
systems,  resulting  from  the  tterment  crowing  out  of  the 
practice  of  using  treated  ties  in  larger  numbers  each  year. 
And   likewise   the  operating  would  have  been,  and 

actually  were,  greater  than  th ■■>    properly  should  have  been 
extent  that  they  taclu     d  the  increased  values  of  the 
improved  tie  systems. 

Should  not  the  Commission  amend  the  present  accounting 
rules  as  affecting  treated  ties  By  so  doing  it  would  not  only 
allow  the  carriers  to  earn  a  larger  net  operating  income,  but 
would  materially  decrease  the  operating  expenses  of  the  car- 
rier, which  decrease  would  finally  reflect  itself  in  lowered 
rates.  It  has  been  suggested  that  it  would  not  be  practical 
to  keep  accurate  account  of  treated  ties.  This  can  be  done 
very  simply  by  the  use  of  a  marker  so  that  treated  and  un- 
treated ties  can  be  identified  and  classified  when  retired. 

It  is  quite  true  that  there  are  varying  kinds  of  treatment, 
both  as  to  cost  and  effect  But  this  cannot  be  used 

as  an  argument  against  chai  ng  the  increased  cost  due  to 
treatment  to  capital  account  The  cost  of  the  same  kind  and 
size  of  untreated  ties  varies  in  different  portions  of  the 
country.  The  valuation  bureau  did  not  argue  that  a  flat  price 
should  be  used  for  each  size  and  kind  of  tie  regardless  of  the 
local  conditions  entering  Into  cost.  Neither  can  the  in- 
creasing ratio  of  the  cost  of  the  timber  to  the  cost  of  treat- 
ment have  any  bearing  upon  tin  principle  involved.  The 
treated  tie  will  always  cost  more  than  the  untreated,  and  the 
excess  cost  due  to  treatment  will  always  be  an  appreciable 
amount. 

All  Ties  Will  Have  to  Be  Treated.— The  more  general  treat- 
ment of  hardwood,  as  well  as  softwood  ties,  is  being  strongly 
advocated,  and  it  will  not  be  many  years  in  the  future  when 
practically  all  ties  will  have  to  be  treated  as  an  economic 
necessity.  It  has  been  the  urge  of  this  necessity  which 
has  caused  carriers  in  the  past  to  attempt,  through  treatment, 
to  increase  the  tie  life,  by  from  7"  to  100  per  cent,  regard- 
less of  how  the  cost  was  accounted  for.  But,  can  they  be 
expected  to  continue  this  prai  tii  i  with  the  accounting  i 
fication  throwing  the  expense  into  operating  accounts  and  the 
Transportation  Act  limitinc  their  income?  Railroad  earn- 
ings are  now  low  ami  have  been  for  so  long  a  time  that  the 
carriers  must  have  forgotten  the  meaning  of  prosperity,  al- 
though the  rates  are  now  gen.  rally  higher  than  at  any  time 
prior  to  1920,  or  tnan  they  probablj  ever  will  be  in  the 
future.      Then    what    better    in  ...\iilinK   for    the   in- 

creased expense  due  to  treatment  ol  ties  can  be  found  than 
by  capitalizing  this  Increa 

The  writer  is  an  unqualified  advocate  of  the  use  of  treated 
ties  and  would  regret    being    In      preted   otherwise.     But  it 
is  not  merely  desirable,  but   irerj         entlal  to  the  continued 
use  of  treated  ties  in  annualh  Increasing  quantities,  that  the 
...si  be  properly  accounted  ;  betterment,  and 

thai  inconsistencies  ill  the  Cla  Ideation  of  Investment  iu 
Road  and   Equipment   be  removed      The  maintenance  engi 

oeer  cannot   keep  every  dollai    ol   ti arrier's  earnings  for 

maintenance  uses  only,  but  mu  t  hare  them  with  other 
int.  rests  who.  by  virtue  of  their  Investment,  have  a  riuht 
to  a  share  He  must  plan  hi  expenditures  In  such  a  way 
as  to  make  the  earning  ol  eai  h  ucceeding  dollar  just  a 
little  hit  eai  ler  than  the  otfe  before  and  In  so  doing  be  will 
not  be  paying  tribute  to  capitalization  but  will  merely  be 
fulfilling  in     I 
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Shoveling  Machines  and  Their  Operating  Costs 


Equipment   Designed   for  Restricted    Spaces  in   Mines  May  Find  Application   in   Rail- 
way  and   Other  Tunnel   Construction 


What  follows  is  a  slight  condensation  from  an  article  in 
the  Coal  Age  of  May  IS.  1982 

The  shovel  is  never  any  better  than  the  management  lie- 
hind  it  enables  it  to  be.  If  cars  are  nut  supplied  in  a  steady 
stream  it  cannot  hope  to  give  a  good  account  of  itself.  The 
efficient  work  of  shovels  in  strip  pits,  where  car  deliveries  are 
easily  arranged,  gives  an  inkling  as  to  the  possibilities  below 
ground  if  cars  could  only  be  furnished  with  equal  regularity. 

The  Bureau  of  Mines  recently  published  a  bulletin  by  C. 
Lorimer  Colburn  on  the  work  of  underground  shovels  in 
metal  mines,  entitled  "Underground  Loading  Devices  in  Metal 
Mines."  Serial  2,300  of  "Reports  of  investigations."  The  un- 
breakableness  and  size  of  the  material  shoveled  in  metal 
mines  militates  against  favorable  results.  So  also  does  the 
narrowness  of  the  drifts  and  the  smallness  of  the  cars.  In 
metal  mines,   with    some   exceptions,    the   roof    is    bad,   much 


the  thickness  ol  the  ore  body,  the  amount  of  ore  available  and 
the  time  required  for  switching  cars.  The  average  was  about 
100  tons  per  eight-hour  shift  but  when  it  was  possible  to 
work  five  or  six  hours  in  one  or  two  headings,  130  to  150  tons 
was  loaded.  The  crew  consisted  of  one  operator  and  one 
mule  driver.  The  operator  would  break  up  boulders  while 
the  driver  was  switching   rats. 

In  another  mine  a  test  was  made  which  was  observed  by 
a  Bureau  of  Mines  Engineer.  The  machine  had  one  runner, 
two  helpers  and  a  shoveler  in  attendance.  A  locomotive 
was  kept  constantly  at  hand  for  switching  purposes.  The 
machine  readily  shoveled  the  four  and  one-half  tons  necessary 
to  fill  the  car  in  three  minutes,  after  which  ten  minutes  was 
taken  to  switch  the  loaded  car  about  500  ft.  and  to  replace 
it  with  an  empty.  Over  a  period  of  two  hours  this  machine 
handled  cars  at  the  rate  of  one  car  for  every  fifteen  minutes, 


Conway   Shovel   Loader   in   Which   the   Dipper  Slides    Back   and   Forth    Along  a  Boom. 

timbering  is  necessary,  and  conditions  such  as  obtain  in  salt  or  eighteen  tons   per   hour.     A   shift's   work    was   about   125 

mines,  where  large   roof   spaces   are   permissible,   cannot   be  tons. 

found.     However,  in  some  mines   working  in  chert  or  lime-  In  another  mine   the   Myers-Whaley  machine  was  used  to 

stone  the  roof  is  unusually  strong  and  will  stand  over  large  handle  material  in  a  slope.     The  machine  in  this  mine  was 

areas  the  like  of  which   no  coal   mine   could    possibly   leave  compelled  to  work  on  a  grade  of  from  5  to  10  per  cent.     It 

unsupported.    Props  are  not  used  in  these  mines,  and  in  some  worked  nicely  on  a  5  per  cent  grade  and  with  difficulty  on 

fen    cases    immense   areas    have   been   left   entirely    without  one  of  10  per  cent.     The  working  face  was  10  ft.  high.     Dur- 

interior  pillars.     The  Bureau's  results,  however,  are  not  all  ing  the  period  that  observation  was  made  the  machine  shov- 

for  shoveling  under  any  such  favorable  conditions.  eled  2,653  tons,  which  was  at  the  rate  of  12  tons  per  hour. 

The  Hunt  Rotary  Shovel. — This  machine,  which  has  revolv-  The  costs  were  as  follows:    shoveling,  2n.S0c;  drilling,  8.71c; 

ing  buckets  the  movement  of  which  is  regulated  by  carefully  blasting,  15.39c;   total,  44.9c  per  ton.     The  cost  of  doing  the 

designed   cams  and  which  feeds  to  a  conveyor  belt,  has  all  same  work  by  hand  was  58.5c  per  ton. 

the   advantages   of   the  continuity    that   comes   from    such   a  In    July,    1918,   Witherbee,    Sherman    &   Co.    purchased    for 

design   and   it   also   has   the   quality   of   being   kindly   to   the  its  Harmony  mine  one   No.   4   type    Myers-Whaley   shoveling 

coal  intrusted   to   its   care.     It  is   quite   capable   of   handling  machine.     In  1920  three  additional  machines  were  installed, 

lumpy  material  without   breakage,  as  the   buckets  are  large  The    material   handled    was    magnetic    iron    ore.     The    wage 

enough  to  tackle  big  lumps  exceeding  those  that  a  man  can  paid  the  shovel  runner  was  ST^c  per  hour,  and  that  of  the 

lift.     The   Bulletin   declares   that    "the   management    [at   the  helpers   47%c    per   hour.      Five    men    ran    the   machine    and 

Mayville   Iron   Mines  of  the   Steel   &  Tube   Co.   of  America]  handled  the  cars.    The  average  tramming  distance  was  250  ft. 

states  that  the  machine  has  loaded  as  many  as  116  cars  of  Table  I  gives  information  about  these  costs, 

three-ton  capacity  in  eight  hours."     That   is   about  348   tons  The   Conweigh    Digger    Belt    Loader.— In   this    machine    the 

in  a  day,  or  43%  tons  per  hour.     The  report  adds  that  "no  shovel  lifts  the  load   which  when  released  slides  out  of  the 

records  of  this  machine  over  a  long  period  of  time  are  avail-  

ahle  "  TABLE  I.— OPERATING   COSTS    FOR    1920   AT   THE   HARMONY 

MINE 

The    Myers-Whaley   Machine. — In   one  mine   visited   by   Mr.  During 

Colburn  a  Myers-Whaley  shovel  was  installed.     It  had  been  Tonnage                                       7n?JUrin?o  MT°nth9~99?  12  1"  Ts-'s 

in   use    three    years.      The    management    stated    that    during  ci              cts 

1918  more  than  30.000  tons  of  material  was  shoveled  at  a  cost      Operating  labor  cost  12.7  14.8  L4.8  19.1 

„f  ,„.„  _,,.  ..    .,     .    .     ,  ,        „„  Repairs,  labor  cost i.t  5.4  3.0  15.0 

of  20.0ic  a  ton.     This  cost  was  divided  between  repairs   (9c       Repairs,  supply  cost  S.7  10. l  9.0  28.0 

per  ton)   and  operating  labor  and  supplies   (11.07c).     During       Shops  and  miscellaneous  0.4  3.8 

1919  nearly  39.000  tons  was  shoveled  at  a  cost  of  19.15c  per  er    __  _ _  _  _!1 

ton,  and  during  1920  nearly  40,000  tons  at  a  cost  of  20.69c  30.8          27.9          66.3 

per   ton  Tne   higher   costs    for    the    last    machine    are    mostly    in    repairs. 

„.        '                            .,..,,             ,  .  This  machine  was   bought   in   1918  and   was  practically  rebuilt   ex- 

lne  tonnage   on   individual   machines   varied   according   to  cept  for  motor  and  frame 
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v.ir.:  onto  :i  belt  • 

•  a  ;     motor  pr. 

Standing  on  ■  platform  al  ratlve 

The  machine  has  been  In  op<  '  ,,,,' 

I    '  o     SI    Francois,    M<  tor   the 
month  of  February,  1981,  was  an  av« 

in   .in   eight-hour   shift    with.  t»d   "'"' 

tons  w.is  loaded  during  the  month     These  two 

■..a   only    load    the   cars    but    push  the    empty    one-ton 

Itj  i  .us  to  the  machine  and  d<  I 

tlu-  motor  baulage  loop      a  hit. or  cost  ton   was 

reported    for    tin-    Februar]    operation,  uld    ho 

added  the  cos)  >>f  power  ami  repairs 


y   Digger   Belt   Loader 


■     the  dipper  arm  ami  can   be  si 
.    vertical  plane.     Both   front   and   bach 
er  an  ■ 

-i.  through  which  the  material  slides  from  the 

ent  1     ding  costs  of  ir,.t,4c  per  ton  by 
using  this  machine. 

Locust    Mountain    Coal    Co.    Machine.     In    some    ways    the 

Igb   Bhovel   loader  closely  resembles   the   machine  de- 

:    thi    Locust   (fountain   Coal   Co.  by   Mr.   Brown   ami 

■  '1  in  Coal    ^ge  March  :'•.  1921,    it  consists  of  a  boom 

mounted  on   the   forward   end   of  a   Bteel    nam'-,     a   dipper 

bach   ami    torih   on    the    boom,    which    can   be   swung    to 

either  Bide  or  up  ami  clow n. 

The  machine  Is  controlled  by  an  operative  who  stands  to 
tlu-  right  of  tin-  machine.    Tin-  movement  <•!  the  dipp 

Btrolled  bj   t  The  dipper  is  pulled  into 

'lo-  pile  "i   material  and  after  tilling  itsHi   i-   n 

■  J 1 1 •  1 1  iii.i;  be  placed  on  a  track  laid  on  •  Ith  i  Ide  ol 
the  machine  as  desired.  As  soon  as  the  dipper  is  over  the 
car   thi  pulls   a   rope  ami   the   bottom    is   trl 

During  1920,  at  the  SI  «    Refining  Works 

Ol    the    National    I. -ail    Co  .    SI     I'raio K 

ore  was  loaded  by  sm-n  of  tin's-  machines,  which  mad.'  an 

■  .1  per  shift-    'lip  l  6.6  Ic 

..  Opi  rating 

labor,  ''"ill. 

The   Shuveloder.     The   Shuveloder  n   coal 

•  me      till-  man  operates    ihe  machine  ami 

anothi  re  digging  is 

difficult  a  third  m  W  one  mine 

th<-    loader  ntermlttentlj       Working   on    rock    it 

capacit)  m  ..I  :.  t 

a      'i  in-   Included 

tramming  thi 

to  tramming,   switching, 
derailment  of  loader  ami  repairs.     In  another  t<    t,      "iking 

ided  in   i:'.!i',   boui 
loading  cost  (.f  i.  tual  loading  time  was 


The  Armstrong  Loader.— An  Armstrong  No.  11  shovel  was 
in  us-  at  th.'  Colby  mini'  of  the  McKinnej  Steel  Co.,  Besse- 
mer. Mich.,   to  load  broken   rock   In     lining  drifts.     The  drifts 

an  t  ii  high  bj  8  it  wide  and  the  pile  of  rock  is  about 
in  ft.  long  ami  about  I  ti,  high  I  Its  deepest  place.  There 
are  about  14  carloads  of  82  c  a  :  capacity  to  the  pile  Two 
men  were  used  in  loading— one  operative  and  one  attendant 
who  switched  ihe  cars.  Th.'  machine  was  observed  during 
the  shoveling  of  one  of  thi  I   material,  with  thi 

lowing    lesults: 

Total    time    ol    setting    up    machine,    In    minutes;    time   of 
loading    II    cars,   ,".s    niiuules;    12    move-UPS   of   loader,   30   mln- 
v.  iiclnng  13  cars.  92  minutes;   total,  inn  minutes.    Total 
number  of  cars  loaded,  14;  total  cubic    teel     148;   total  num- 
ber   ■  '!     move  ii|is.    12;     total    number    of    loader    dippei 

u.i;if  number  ol  1 ler  < i  to  a  car,  16;  average  num- 
ber c.i  loader  passes  per  mlnut<     i.  average  time  tor  loading 

cars,    including    move-UPS,   f>   minutes;    average   time   for   load- 
•    ion  ol  rock.   Includini  i        2  I   minutes.     Total 

nine  required  tor  setting  up  i  Armstrong  shovel,  loading 
and  tramming  of  th.-  rock,  broken  from  an  average  break  of 
a  round  c.i  boles  took  one  boui     nil  15  minutes 

The  Thew  Shovel.  The  The  hovel  when  it  tit  st  entered 
il  mines  was  a  top-lofl  I  "bine  that  could  be  used 
only  in  mines  like  that  al  Ha  na,  Wyo.,  where  the  deposit 
was  more  than  30  ft.  thick,  li  has  been  redesigned,  a-  ihe 
Illustration  shows.  The  capacit]  is  about  %  cu.  yd.  The 
boom  is  rigid,  being  built  up  ol  steel  so  as  to  require  the 
minimum  headroom.     The  opi     ■  ng   mechanism  consists  of 

.      tor  and   lb.     nOCI  -   and   other  mechanical 

pans  to  operate  the  machine  operating  mechanism  is 

mounted  on  a  platform,  lie],  the  platform  Is  a  turntable 
which  revolves  ihe  entire  Bhovel  through  a  full  circle  of  360 
deg.  The  entire  machine  i-  carried  on  the  truck,  which  is 
on   a   caterpillar   tractor.     'II  ■  .lnne   is   self-propelling. 

rhc  operative  has  a  seat  on  the  platform  which  supports 
the  operating  mechanism.  From  this  seat  he  can  observe  the 
a<  tion  of  the  dipper  and  can  also  keep  watch  over  the  per- 
formance of  the  operating  mechanism.  The  different  mo- 
tions of  the  shovel  are  controlled  by  levers.  The  dipper  is 
forced  into  the  pile  of  material  by  a  movement  imparted  to 
the  dipper  arm  and  the  pulling  of  the  dipper  chains.  When 
the  dipper  is  full  the  dipper  chains  are  tightened  so  as  to 
pull  the  dipper  into  a  vertical  position.  The  shovel  is  then 
swung  on  its  turntable  until  the  dipper  is  over  the  car.  The 
bottom  of  the  dipper  is  then  tripped,  allowing  the  material 
to  drop. 

At  the  Barr  mine,  in  Kansas,  neai    Picher,  Okla..  a  type  O 
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Shuveloder    Lording    from    .i    Stockpile. 
Tin  Be  mai  him  ...  ii.d  bj    hand      Imn  ■    the 

truck  and   beneath  tin    main   bod  ibl.    thai   piw 

enl       The    headroom    r<  qulr<  .1     is    B2    In       Th< 
.    « ill  load  anj   car  50  In    high  i  i 

Thew   Bhovel   was   installed   in   April,    1919       This   is   a   Standard 

•  \olving  in  the  full  circle,  and  la  Bell  piopelled.  mounted 

on  a   i  win-el  truck,     it  wai   found  tc  flexible  than 

otlor  loaders  then   being   tried  m   II:.  he  full- 

wing  allow-   cue  tO  bS  loaded  at   any    point      froni 

01    to  either  Bide    within   the   radius   ol    the  boom      Three 

dipper  heads  till  a  1%  ton  period  of  twenty 
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operation  the  average  loading   ighl  hour  shift    was  160 

i,, us  at   about  one  half  the  cost  of  hand  shoveling. 

\  ere*  consists  of  one  operati\.>.  »K>    hould  bi 

tperienced    man;    one  helper,   unskilled;    and    one   mule 

-  and  mule,  handling  1%-ton  ear-      Such  a  crew,  under 

suitable  conditions,   should  easilj    load    L75   to   230   inns  per 

r   shift.     Table   11   shows   the  operating    record    tot    the 

period  between   Noi    84,  191".  and  A  119    for  one  of 

the  shovels  at  the  Meloy  mine. 

A  two  months'  operating  record  tor  two  shovels  at  the  same 
mine  in  Januan  and  February,  1921,  is  given  In  Table  III. 


Thew    Underground    Shovel. 
This   machine    is   operated    by    electricity.      It    lias    a    %    cu     >d. 
bucket   and  a  20  hp.  motor.     The  shovel  revolvi 
turntable. 

Five  Thew  shovels  were  purchased  by  Witherbee  Sherman 
&  Co.  The  first  shovel  was  purchased  in  September,  1917; 
two  were  purchased  in  1918,  and  two  in  April,  1919.  Three 
of  these  shovels  were  put  into  operation  at  their  Harmony 
mine  In  Table  IV  is  given  the  record  of  these  three  shovels 
for  the  year  1920. 

The  ore  was  hauled  away  from  the  shovel  in  54-cu.  ft.  gable- 
bottom  cars.  The  Thew  shovel  in  No.  2  stope  worked  against 
a  40-ft.  face.  The  vein  at  this  point  was  60  ft.  wide.  Tracks 
were  laid  on  either  side  of  the  shovel.  The  shovel  loaded 
the  car  on  one  track  and  then  filled  that  on  the  other  while 
the  tirst  car  was  being  trammed  to  the  shaft  and  emptied. 
It  took  four  minutes  to  dump  the  car  and  return  it  to  the 
shovel.  The  shovel  had  difficulty  in  picking  up  large  lumps 
and  scraping  the  bed  roc"k. 

In  191S  the  Chateaugay  Ore  &  Iron  Co.,  of  Lyon  Mountain, 
N.  Y.,  introduced  a  Thew  shovel  into  its  Xo.  4  mine.  Records 
of  performance,  cost  and  upkeep  were  not  kept.  Another 
shovel  of  the  same  make  was  procured  for  the  No.  5  mine,  but 
was  used  very  little  and  was  later  transferred  i. March.  1919) 
to  the  No.  1  mine.  Labor  costs  for  the  Thew  shovel  in  No.  1 
mine  are:  One  operative,  $5.25;  one  operative's  helper,  $4; 
three  trammers,  at  $4  each,  $12;  total,  $21.25. 

Two  hundred  tons  of  ore  was  handled  per  shift,  making  a 
cost  for  labor  of  10.G2c   per   ton.     This   shovel    worked   in   a 

TABLE  II   SHOVEL  OUTPUT  AT  MELOY  .MINK. 

Total  shoveled,  tons  27.17T 

Total  shifts   worked    211 

Average  working  time  per  shift  hours  3.85 

Average  tons  shoveled  per  hour   33  i 

Average  i^ns  shoveled  per  shift   il".c:'. 

Cost   per  ton.  Cts. 

Labor    r.  06 

Power    

!;•  pain    

Total,  cts 12.86 

I    oi    hand   shi  n  eling  during   tin  riod   w.ts 

.  per  ton.     In  both   instance:    thi    tramming  to 
the  main  haulage  loop  is  included  in  the 

TABLE    m.— RECORDS  OF   TWO   SHOVELS    \T    VfELOl     MINE. 
Total       Total  Hours  Laboi      Power      Repair    Total 
shifts      per      cost  cosl  cost         cost 

shoveled,  worked,  shift,  per  ton   pei  ton   pel  ton   pe    ton 
Shovel    No.    i      i"  987  80  7  11.7c        1.3c        0  7c         13  7c 

No    2. .   5,917  -I-'  7  11.3c         l  ,3c        0  7.' 

Noti  of  hand   shoveling  durins   tl  lod   was 

approximated    16   cts.   per  ton.    In  all  cases  tl tramming 

-""  fi    to  the  shaft  was  included  in  the  labor  cost. 
TABLE    IV.     RECORDS    OF    THREE    SHOVELS    IN    HARMONY 
MINE 
Thew  No.  1     Thew  No.  J.     Th.  ■/.   \.>   ::. 

Tonnage     23  26,134  27,726 

Distance    trammed     

Operating,    labor   cost    .... 
Moving,    labor   cost    

Repairs,   labor  cost    

Repairs,    supply    cost    

Shops    and    miscellaneous. 
Power     


1  a  -■ 

210                      395 

. 

-Cost,  Cents  per  Ton 

16.2 

14.9                     lfi.O 

01.2 

00.3                     00.7 

02.1                    02.6 

10.0 

05.2                      "7. 'I 

04.1 

01.6                     01.9 

00.4 

00  '                     00.4 

large  Stope  10  ft,  wide  and  15  Et,  high.  Cars  were  pulled 
in  and  drawn  out.  by  mule.  A  switch  was  arranged  I'"1  fi 
from  the  shovel,  and  the  cars  pushed  up  to  the  shovel  bj 
hand  for  this  distance.  Side-dump  cars  "i  in  on  ii,  capacitj 
were  used;  they  hold  2>.t  tons.  Much  time  was  lost  in 
switching    cars. 

At  the  No.  4  mine  also  a  Thew  shovel  was  in  operation. 
This  shovel  handles  3(>ti  tons  per  day.  at  a  cost  for  labor 
ol  6c  per  ton  \  tail  rope  I  used  tor  switching  ears.  Two 
tracks  lead  to  the  Bhovel,  so  that  one  ear  is  being  loaded 
while  another  ear  is  being   pushed   in      Thi      hovel  operated 

almost  continuously!  The  full  haul  for  ears  is  600  ft.  Alter- 
nating  current    at   220   volts    was    used       Power   cost    about 

2%C   per   Kw.hr..  or  about    $1    per  day    per  shovel.      The    shovel 

was  often  out  of  commission  on  account  of  repairs.  The 
must    serious   trouble   experienced    was    the   breaking   of    an 

l  mi  mi i  the  No.  1  shovel.     The  rawhide  pinions  soon   wear 

out,  the  average  life  being  about  three  weeks.  It  is  estimated 
bj  this  company  that  the  cost  to  handle  ore  by  hand  was 
35c  per  ton  in  the  No.  1  mine,  and  in  the  No.  4  mine  44c  per 
ton,  Labor  and  supplies  consumed  in  repairs  added  in  gen- 
eral about  5  or  6c  per  ton  to  the  mining  cosl 

The  st.  Joseph  Lead  Co.,  of  Bonne  Terre,  Mo.,  operates 
six  Thew  shovels  at  its  mines.  The  stopes  are  large,  giving 
ample  room  for  operation.  All  of  these  machines  were  put 
in  operation  in  1920.  The  record  of  their  performance  is  as 
follows:  Thew  No.  1  loaded  8,713  tons  at  a  cost  of  14.98c 
per  ton.  Thew  No.  2  loaded  26,970  tons  at  a  cost  of  l  '  .c 
per  ton;  Thew  No.  3  loaded  12,194  tons  at  a  cost  of  18.8c 
per  ton;  Thew  No.  4  loaded  20,917  tons  at  a  cost  of  16.65c 
per  ton;  Thew  No.  5  loaded  4,969  tons  at  a  cost  of  29.34c  per 
ton ;  Thew  No.  6  loaded  4. SSI  tons  at  a  cost  of  28.13c  per  ton. 

The  higher  costs  for  shovels  Nos.  5  and  6  are  due  to  their 
being  used  in  mines  where  conditions  are  less  favorable  for 
their  operation,  the  stopes  being  smaller  and  the  operation  of 
the  machine  being  frequently  interrupted.  The  average  for 
all  six  shovels  is  78,644  tons  loaded  at  a  cost  of  19.96c  per 
ton.  These  costs  are  distributed  as  follows:  Operating 
labor,  11.025c;  repair  labor,  4.115c;  material,  2.895c;  power, 
0.933c  per  ton. 

The  Marion  Shovel. — Although  the  Marion  shovel  is  not 
manufactured  primarily  for  underground  use,  the  smaller- 
sized  machine  has  been  used  underground  by  several  mining 
companies.     The,  American  Zinc  Co.  installed  one  in  August, 


Total  cost 


Hoar    Underground    Shovel   for    Narrow    Places. 
This  machine  is  operated   bj   compressed  air.     It  can   be  swung 
,   .mo i.i,    circle   hv    .i  derneath  thi     bodj       I 

be  operated  in  a  spai  i  by  6  ft.   high.      Us  weight   is  5.800 

lbs      It  works  at  90  lb.  air  pressure,  using  a  l'?  in.  air  conm 

1920,  in  its  mines  at  Mascot,  Tenn.  Records  of  performance 
for  three  months  are  as  follows:  Total  ore  handled,  8,997 
tons;  cost,  19.7c  per  ton.  Labor  costs  were  17.60c  and  repairs 
2.11c.  As  this  was  a  second-hand  shovel  the  repairs  were  a 
little  higher  than  usual. 

A  Marion  shovel  with  %-yd.  dipper  is  in  use  at  the  1,650-ft. 
level  of  the  United  Verde  Mine  at  Jerome.  Ariz.     The  cost 
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ding  orr  mtn  chutes  with  this 

land     The  great 
i  i  the  mil  bine  makes  It  axp<  i 
of  a  slope  and  because  of  Its  large  ca  II   often 

Idle,  waiting  for  ■  '  bine 

oadi  material  mater  than  II  "•   bj  band. 

The    Hoar   Shovel    for   Narrow   Quarter;.        !"•     Hoar    Under- 

iaei  :  4  1  comi 

.nr.  t). 

■ 
thi   machine     A  turntable  wl  li 
swung    tlirough   a    compl  tween 

ody  and  truck     Tin-  truck  run-  oi    the  ordinarj 

Btandard    size    machine  P1  rating 

I  ii    wide  by  6  ft.  bigh      IU  w< 

niri  d,  BO  lb, ;  ;iir  connections,     '  i  in. 
iio;ir  underground   loader  la   i  ipelling   and 

must  bi    pushed  to  its   workini    placi       It  is  then 
.i  to  the  rails.    Having  a  full  ■  In 
■     t<    •  Ither  Bide  or  to  thi 

on   the  small  platform  on   the   left-hand   side  of 
|j  oi  the  machine    Being  well  aho  i   II  be  can  ol 

the  dippi        The  mai  bine  I     i  ontrolled  by 

which  are  placed  convenientl     toi   bii    operation. 

in  digging,  the  dipper  is  for.. -a  Inl  ol  material 

■■  .ird  motion  which  tho  engini    gives  to  the  dipper 

arm.    .\t  the  same  time  another  engl  Me  onto 

mi.  « hich,  acting  as  thi  PP<  r  up 

through  the  pile.     As  soon  as  I  tree  of 

.    ol   materia]  the  on  the 

turntable  until  the  dipper  is  brought  •  ol  the  car; 

ttom  of  the  diper  is  tripped,  allowing  the  material 

Hoar   underground   shovel   Mas    been    Introduced   into 
.  few  mining  districts,  the  manufacturers  having  found 

:;.    market   in  the   Lake   Superior  iron   mini)      di  tricl 

for  their  entire  output,    i.  ode  to  intro- 

e  machine  In  other  regions,    it  is  being  used  in  drifts, 

•  ling  work,   stoping,  to  clear  out   sumps,   and    also  on 

the   surface   to   shovel   coal   from    the   coal   piles    for    use    in 

cost  of  operation  varii  rably,  depending 

upon  the  conditions,  the  range  being  from  IT.   to  $1.08  per  ton, 

In  shoveling  the  well-broken  material  In  pi  <    there 

was   plenty  of   room,   an   average   Of   135    ton      was    loaded    in 

.:s  at  a  cost  of  17.9c      The   wages   ol    the   attendants 

Operative,    $5   per   dav;    help,:.   $4.75    per    day.     In 

another   place,   where  the  material   was  cky   and 

Ined   many  large  lumps,  the  machine  loaded  over  8,500 

D   two  months   at   a  cost  of  $1.08   per  ton.     The   mine 

managi  t  to  have  done  the  same  work  by 

hand    would    have    cost    $1.60    per   ton.     The    wages    of    the 

were:      Operative,  $8,  am:  t?6   per  day. 

In  the  case  of  sublevel   atoplng,  thi  ndled  more 

than  1.700  tons  of  material  in  one  month  65 c  per 

In  the  latter  part  of  1920  a  Hoar  underground  Bhovel   was 

put  in  operation  at  the  Montreal  iron  mine.      \i  He    same  time 

similar  work  was  being  done  by   hand.   BO  thai    it   is   possible 

ipare  the  costs  by  the  two  method-     Comparison  can 

a  the  work  done  on  the  23d  and  24th  levels, 

the  driving  being  done  in  the  hanging  wall  in  both  in 

The  type  of  ground  was  practically  ud  the  other 

■     [airly  equal.     Thi  it    was 

d,    using    hand    loading    alone.      Tin     cost     for    labor 

was    $12    per   foot  BTiOd    of    7    months,    and    during 

mi    the  drift   was   advanced   469   ft.,   or   at   the  rate  of 

;  .-r  month. 

In  the  2ith  level  east  drift,  the  Hoar  underground  shovel 
mi  the  driit  was  advanced  months, 

;ni   average    of   90    ft.    per   moi 

tool   and    the   repaii      Dd   supply  cost 

;  I  t    per  foot,   making   a  to)  it.    At 

the   same    time   the   shovel   was   used    '  rial   on 

i  ■     i:    I.  VBOR, 

■: 


tin'  24th  level  west  at  a  labor  cost  of  $6.21  per  foot  and 
supply   and    repair   eosts  oi    -I  24    per   loot,   making   a    total   of 

per  tool.     The  paving    li      hi    eaai   drift   of  the   24th 
level    was    $4.14    per   foot    ami  .unit    in    handling    the 

■  i  from  ih'-  24th  levi  i  i  ">5  per  foot. 

The  Keystone  Driller  Co. 's  Machine. — The  Keystone  Driller 
Co    be  i   years   ma       ictured   and   placed  on  the 

market  an  excavator  most!}  u  on  road  work  and  also  in 
digging   cellars   and  ditchei        I  ri      machine  consists   of  an 

upright    boiler   with   an   engini     m ited   on   a  tractor,  and   a 

dipper  operating  on  a  boom  Lead  Co.  purchased 

Beveral  of  these  machines  and  remodeled  them  to  be  used 
in  their  mine  at  Klai  Rlvei  n  order  to  adapt  tin  Key- 
stone lo  underground  mining  was  necessarv  to  replace  the 
boiler  and  engine  hv    an  ell  'or. 

The  operation  ol   the  mat  adapted  by  the  Federal 

Lead    Co.,    Plal    River,    Mo.  .       follows:      The    operative 

stands   on  the   main   plattorn  ihere   the   movements  of  the 

dipper  can  be  observed.      I!>  .   the  boom  can  be  lowered 

ami  tin-  dipp.r  pulled  nr.  ol    matei   'i   by  a  cable 

operating  over  the  pulley  at  I  end  of  the  boom.  The  boom 
can  be  lowered,  raised  or  i  bj  the  second  cable.  As 
soon   as   the   dipper   is   filled  boom    is   raised   and   swung 

until  the  dipper  is  brought  imnn  diately  above  the  car.     The 
is    then    nipped,   alb  tlie    material    to   discharge 

into  the  car.    The  machine  I  lability  by  two  braces  on 

either  side  of  the  machine  a  ""' 

During  the  year   1917    In  No.   12  48,917  tons  of  ore 

was   shoveled   by   the   Keyst  hovel    at    a   cost  of    I 

per  ton.     In  1919  in  mine   No  313   tons   was  shoveled  at  a 

cost  of  19.11c  per  ton  and  in  the  same  year  in  mine  No.  12 
318,819  tons  was  shoveled  ai  of  16  Ic  per  ton.     In  1920 

!   tons  was  shoveled   al        cosl   of   19.03   per  ton.     This 
makes  a  total  of  746,000  I"  thus  shoveled,  giving  an 

a\  erage  cost  of  17.85c  per  ton  The  distribution  of  these  costs 
is  as  follows:     Tons  of  on  ivel  shift,  126.1;  supplies 

and  repairs.  2.10c  per  ton  oe  labor,  12.57c  per  ton; 

power,  1.35c  per  ton;  total.  IT         pel   ton  (sic). 

The  Golden  Rod   Mininc    ■  ■     •  ;    Tar   River,  Okla..  used  a 
%-cu.  yd.  Keystone  shovi  ing  ore.     The  shovel  was 

operated  for  3  or  4  months  in  1918.  The  boiler  was  connected 
up  as  an  air  receiver,  and  tie  lie  was  run  by  compressed 

air.  The  ore  was  from  30  to  50  ft.  thick.  In  this  work  the 
shovel  did  not  prove  satis!  was  mounted  on  a  truck 

and  was  difficult  to  move  around.  The  main  reason  for  its 
failure  was  the  neci      I  living  the  dipper  into  1,000-lb. 

cans;  a  large  portion  of  tin  material  was  always  spilled 
and  had   to  be  shoveled  by   hate1 

Character  of  the  Data.  Foi  the  records  given  in  this  arti- 
cle full  credit  should  be  given  lo  Mr.  Colburn's  brief,  which 
should  be  consulted  in  its  .in  rel  by  those  who  are  inter- 
ested in  this  subject.    The  comment,  however,  on  these  shov- 


TABLE    VI.     TONNAGE    LOADEH     VI     SERVICE   COAL   MINING 

a  INK. 
Work    Pi  i  term. .]  Cost. 

Cars    loaded    41C        Two  $7.. in 

pi  r  car    $15.00 

Total     lens     

Average  tons  per  day 50.6  7.50 

Total    .J22.50 

Cosl     per    ten    for    1 

h  '■  rig  .  ..45c 

TABLE   Vll      SAMPLE    DA1L1     RTS    OP   COAL    LOADING 

vr    SERVICE   COAL    minim;    CO.'S    MINK. 

ber    of    cars    loaded 37 

Five    moves    1    hour    30    mln. 

Two  wrecks  of  loaded   cart  l  hour 

Petal    time    loading  ■"•  bears 

Number    of    .  40 

Five  moves   -.1  bear  :•"  mln. 

Splicing    cable    80  mln. 

Total  ton.   loading  and  changing  cai                        .:,  hours  10  mln, 

... 

IS 

Waiting  for  power  i  hour 

.i     in. 

Total  time  loading  and  changing  cni 

Working   fere, ■"Moan 

i    down  aT  boiler  ben  . 

Numbi  i  ei' d     .35 

l    houi    i"   mln. 

|u  "iln. 

B:2n  a.  m. . 

.  .     i   hours  :•"  mln. 

di   I       

Waiting   f.,r   cart   •,•;«_• 

S:<"  "    m 

I.  t.,1   tin*  5   hours 

i   -   mln. 
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els  has  another  source,  for  the  most  part,  especial]]  the 
reference  to  coal-raining  conditions  underground.  The  bulle- 
tin gives  valuable  data  also  regarding  the  use  of  Bcrapers 
in  metal  mines,  where  such  machinery  has  long  been  in  sue- 
cesstul  use.  Unfortunately  the  labor  costs  In  the  bull. tin 
ostly  in  dollars  and  cents  anil  not  in  labor  units,  which 
would  he  more  readily  translatable.  A-  .vages  have  varied 
the>  are  not  even  comparable  as  between  the  various  years' 
experience  in  the  same  mine.  As  interest,  depreciation  and 
obsolescence  are  omitted,  the  figures  are  likely  to  be  mis- 
leading. These  items  often  spell  the  difference  between  accept- 
ance and  rejection.  In  some  cases,  however,  repairs  which 
should  have  been  covered  by  earlier  depreciation  allowances 
have  caused  costs  to  be  unduly  high. 

Reciprocating  vs.  Rotary  Car  Feed  to  Shovel. — There  is 
little  question  but  what  the  machinery  described  in  the  bulle- 
tin should  find  general  use  in  coal  mines,  where  the  condi- 
tions are  not  so  difficult  as  to  make  the  machines  unavail- 
able. The  factors  militating  against  their  use  are  the  diffi- 
culties with  labor  and  the  lack  of  sufficient  and  efficient 
superintendence.  To  a  machine  having  large  capacity  a  con- 
tinuous supply  of  cars  must  be  afforded.  The  heavier  and 
more  expensive  the  machine,  the  more  need  for  such  atten- 
tion: otherwise  the  overhead  costs  will  decrease  the  profit 
materially.  In  fact,  so  important  is  this  feature  that  manu- 
facturers having  in  mind  the  multiplicity  of  narrow  workings 
and  the  almost  inevitable  irregularity  of  car  supply  are  pro- 
viding units  of  small  size  and  of  less  efficiency,  which  they 
feel  assured  will  suit  the  needs  of  the  coal  industry  better 
than  larger  machines  of  greater  capacity  but  also  of  greater 
cost. 

The  Jeffrey  mine-car  loader  is  designed  on  the  principle 
that  when  the  car  movement  is  reciprocating  and  not  rotary 
(if  these  terms  may  be  excused)  it  never  can  be  really  satis- 
factory. Where  cars  must  be  brought  to  the  loader  and 
backed  away  after  being  filled,  delays  are  inevitable.  Only 
when  trips  can  be  steadily  passed  by  the  working  face  and 
taken  out  another  way  can  a  car  be  presented  to  the  shovel 
for  loading  as  soon  as  the  previous  car  is  filled. 

Simple  vs.  Inter-Related  Shovel  Efficiency. — Hence,  it  is 
argued  that  as  delays  are  inevitable  it  is  well  not  to  tie 
up  too  much  money  in  a  shovel,  even  if  by  having  a  less 
efficient  machine  the  time  of  loading  is  somewhat  increased. 
Suppose  one  shovel  can  load  a  car  in  two  minutes  and  has 
to  wait  ten  for  another,  its  actual  capacity  is  .only  one  car  in 
twelve  minutes.  If  then  another  takes  ten  minutes  to  load  a 
car  and  then  has  to  wait  a  further  ten  minutes  before  loading 
the  next,  its  actual  capacity  is  one  car  in  twenty  minutes. 

Thus  though  the  first  shovel  appears  to  have  five  times  the 
capacity  of  the  other,  the  actual  capacity  is  not  five  times 
but  only  66  per  cent  greater.  When  the  car  delays  are  longer, 
and  they  always  are  likely  to  be,  then  the  percentage  of  rela- 
tive capacity  will  fall  still  lower.  Only  ideal  conditions  will 
enable  cars  to  be  presented  so  fast  that  the  delay  between 
cars  will  not  exceed  ten  minutes.  The  time  taken  in  moving 
the  shovel  from  one  working  place  to  another  will  still  fur- 
ther diminish  capacity.  It  is  this  which  has  made  the  large- 
capacity  shovel  less  effectual  than  at  first  sight  it  would 
appear  to  be.  The  large  first  cost  which  adds  so  much  to  the 
expense  of  operation  and  the  idle  time  which  seems  inevitable 
under  present  operating  conditions  add  to  the  argument 
against  such  shovels. 

Loaders  therefore  that  are  not  shovel3  but  mere  loaders 
which  themselves  have  to  be  loaded,  but  being  loaded  will 
raise  the  coal,  transfer  it  and  drop  it  into  the  car,  seem  to 
have  a  reason  for  being  which  their  lower  speed  of  operation 
and  their  imperfect  service  would  seem  to  deny  them.  They 
also  are  more  flexible  and  can  be  used  where  the  roof  is 
not  particularly  good  and  the  coal  is  thin.  Consequently  this 
machine,  which  is  loaded  by  hand  shoveling,  is  rated  at  50 
to  60  tons  a  day  under  actual  working  conditions  in  rooms 
and  each  machine  is  intended  to  get  its  output  from  two 
working  places  only.  The  handling  of  the  cars  should  be 
carefully  planned  that  tracklaying,  timbering  and  the  like 
is  not  done  by  the  loading  crew. 

The  Service  Coal  Mining  Co.,  at  Fordham,  Pa.,  made  the 
record  in  Table  VI  with  a  mine-car  loader  of  the  type  men- 
tioned, between  Aug.  16  and  Sept.  1,  1921,  in  the  Lower  Free- 
port  seam  which  ran  from  46  to  54  in.  thick.  The  mine 
worked  11%  days.  Two  men  operated  the  machine  and  one 
motorman  provided  cars. 

The  daily  reports  are  given  in  Table  VII.     They  show  that 


much  time  was  wasted  waiting  for  cars.  The  coal  was  loaded 
from  headings  which  mad.'  many  more  moves  per  day  neces- 
sarj  than  would  be  required  if  the  coal  had  been  obtained 
from  rooms. 

It  will  be  seen  that  this  record  might  have  been  bettered 
had  conditions  been  a  little  more  favorable  for  instance. 
had  fewer  moves  been  necessary,  the  tracks  been  such  as  to 
reduce  accidents,  the  power  been  steadily  available  and  the 
runs  been  longer. 


Kinds  of  Haulage  and   Cutting    Machines 
in  Coal   Mines 

By  W.   W,   ADAMS, 
Statistician,  is    Burea 

The  extent  to  which  coal  mines  have  installed  various  types 
of  haulage  systems  and  mining  machines  is  a  subject  about 
which  there  is  little  definite  information  available  in  con- 
venient form  for  the  country  as  a  whole.  A  few  State  mine 
inspectors  include  in  their  annual  reports  such  information 
for  their  respective  States,  but  uniform  data  for  the  United 
States  have  not  until  recently  been  compiled. 

Several  years  ago  the  Bureau  of  Minds  compiled  from  one  of 
the  standard  mining  directories!  a  statement  showing  the 
kinds  of  machines  and  haulage  used  in  coal  mines.  The  first 
statement  was  prepared  from  the  1918  edition  of  the  directory 
in  which  detailed  descriptions  of  coal  mines  were  given.  The 
information  presumably  related  to  the  calendar  year  1917. 
Similar  statements  have  been  compiled  from  the  directories 
for  1919,  1920  and  1922,  the  statement  for  1921  having  been 
omitted  because  the  directory  for  that  year  did  not  become 
available. 

The  latest  statement  is  given  below  and  is  based  upon  the 
directory  for  1922.  It  relates  to  conditions  prevailing  in 
1921,  and  covers  a  total  of  7,088  coal  mines.  Of  these,  5,064 
mines,  or  more  than  71  per  cent,  were  using  animal  haulage. 
As  compared  withv  the  total  number  of  all  classes  of  mines, 
those  in  the  animal-haulage  group  constituted  71.4  per  cent, 
the  percentage  having  remained  practically  stationary  during 
the  past  four  years,  although  the  actual  number  of  mines  in 
the  group  has  increased.  Rope  haulage  was  reported  by  1,066 
mines,  or  15  per  cent  of  the  total,  representing  a  larger  num- 
ber of  mines  than  in  1918,  but  a  decrease  of  2  in  the  percent- 
age for  the  group  as  compared  with  all  classes  of  mines. 
Electric  haulage  was  reported  by  3,274  mines  (46.2  per  cent), 
and  the  number  of  motors  in  use  was  11,265.  The  percent- 
age of  mines  in  this  class  has  not  changed  materially,  but 
the  actual  number  of  mines  has  shown  a  gain  of  about  900 
during  the  past  four  years.  Compressed-air  locomotives 
have  not  increased  either  in  actual  or  relative  number,  the 
percentage  for  the  past  year  being  but  1.2.  The  number  of 
mines  using  storage-battery  locomotives  has  increased  from 
3.6  per  cent  of  the  total  shown  four  years  ago,  to  9.8  per  cent 
for  last  year,  the  latest  figures  showing  693  mines  with  1,428 
locomotives.  A  total  of  405  gasoline  locomotives  was  re- 
ported by  271  mines,  the  number  of  mines  representing  3.8 
per  cent  of  the  total,  practically  the  same  percentage  as  in 
previous  years.  Steam  locomotives  numbering  1,069  were 
reported  in  use  at  528  mines  and  pits  which  is  7.4  per  cent 
of  the  total,  a  very  slight  decline  from  past  years. 

Coal  was  mined  by  hand  in  3,332  mines,  47  per  cent  of  the 
total  number,  indicating  an  increase  in  the  number  of  mines 
in  this  group,  although  the  percentage  has  not  changed  ma- 
terially. Electric  cutting  machines,  17,875  in  number,  were 
reported  for  3,607  mines,  which  is  50.9  per  cent  of  all  mines 
reporting.  Compressed  air  machines  were  employed  in  only 
288  mines,  or  4.1  per  cent,  and  the  number  of  machines  in  use 
was  2,159,  both  figures  being  smaller  than  those  for  previous 
years. 

Stripping  operations  were  shown  for  146  mines  and  the 
number  of  shovels  was  tabulated  as  72.  While  the  former 
figure  is  perhaps  too  low.  the  latter  figure  has  practically 
no  value,  because  the  descriptions  of  open-pit  mines  fre- 
quently failed  to  state  the  number  of  shovels  in  use. 

The  outstanding  features  of  this  statement  are  the  figures 
showing  the  large  number  of  electric  motors  and  electric 
cutting  machines  that  have  been  installed  in  coal  mines,  and, 
simultaneously  the  extent  to  which  animal  haulage  and  hand 
methods  of  mining  still  prevail. 

•Reports  of  Investigations.  D.  S.  Bureau  of  Mines. 
tCoal  Field  Directory,   published  by  Keystone  Consolidated  Pub- 
lishing Directory.   Pittsburgh.   Pa. 
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Railroad  Ditcher  Operations  on 
C.  R.  I.  &  P.  Ry. 

• 
with  1 
of  work   equlpmi  di  11*  ay    '"   ;1 

rican  Dilchi  i 

uh.ii.  u  the   Incumbent  of  the   i 

ol  work  equipment  on  th<  ,;    '  made 

i      •     ho  ild   :  •    d  me  with  it.   i 

•■.in.  -  and  one  air  dlt<  bine  ' ""'  -''am 

and  the  oth<  •  ■  red;   two  In 

gravel    pita   an<i    two   al    shop    i    ii  I 

The  ditcher  in  -■   a   brancb 

three    plows 
centi        ind  a  bank  li  This 

would  load  the  Hats,  then  proceed  to  plow   tbi 
•    iiirt  with  the  spreader 
Having  located  and  overhauled  this  equipmi  at,  II  was  then 
irate  outfits,  each  i 
i,   three   plows,  an   unloader  engine   and   a   bank 
This,   with  the   locomotive  ind   one  tool 

train  ol  26  cars,  upon  thi  tion  ol  which 

work  were  requested  tor  eai  '•   ol  ,?"    outfits. 

Dumper    Cars    Replace    the    Flat    Cars.  omenta 

ted,  iMi t  the  showing  made  did  no!  come  up  to  ex- 

i  felt  that  something  \\  ;»s  wrong  and         il 

to   investigate.     The    tirst    roadmaati  aid    he 

ditching  outfit  on  his  main   line  track.     He 

could  us.-  it  on  the  brancb  lines,  but  could  do)  gel  an  appro- 
priation to  spend  the  money  on  brancb  line  work.     He  ex- 
,,n   about    like   this:    "You    know    our    main 
busy.     We  call  it   a    10-mlnuti  ad    we  cannot 

•ains.     This  means  that   the  ditcher  must   leave  a  sid- 
n    point,   op.  i  Pack    in   clear  in 

ten  minutes,  handling  20  or  more  cars."    As  a  possible  solu- 
tion  of   this   problem    the   L'"   Hats    with   the    Lidgerwood    and 
replaced   with  two  dump  cars.     The  roadmaster 
was  very  much   pleased  with  this  arrangement   and   handled 
tcher  the  entire  Beason  on  his  main  line  with  an  aver- 
t  over  i       i  d.  per  day. 
How  the  Cost  of  Ditching  Was  Reduced.     All  the  ditchers 
equipped   this  way  and   I   felt  that   we  wen-  doing  well. 
In  fad  11   that   the   roadmasters  were 

anxious  to  have  a  ditcher.     Ho  ■    end  of  the  year, 

when  >le  up,  it  developed  that  the  cost  of 

ditching  was  too  high,   some  of  the  work   running  up  to  80c 

it   appeared,  were   two: 

tirst.  the  dump  cat  tly  to  operate,  and 

second,  most  of  the  ditching  was  done  In   wet   weather.     To 

it    required  four  men  to  handle  the 

Furthermore,  if  the  dirt  was  dry  and  Bandy,  although 

considerable  dirt  would   invariably 

fall  back  over  the  rail  and  require  shoveling  off.  On  this  account 

t"    use   six    :  i    of   four   to 

tickly.     If  the  dirt  was  would 

!   with  shovels  ami   thi-   called  for  all  the 

mailable,   Including   tin-  a,   to  avoid   hiring 

the  ditcher  . 

To   r.dnce    the   C08l    of   ditching,   thl 
to  be  ire  quick  acting  dump  cars;  second, 

ditching    in   dry    weather.      To    gi 

would 
Igh   ditching  mac  I,  • 
that     :  i     places    ditched    <  1 1 1  r  i  n  u-    dry 

OUld    run    off 
I  of  lying  there  until  a  ■:  I  drain. 

i.irily. 
•     ■  ■      :  ■ 
:    in    1917   am!    -a. is    held  i     vard 

The 

m  !'"■  j ,i   and  Ith  the 

first  !  .    wjt|. 

Housing    and    Hiring    Ditcher   Crew.  greSS    called 

:rastic 

chang.  ii,,.  head  of 


th.    work  familiar  witli  machinery  and   men.  good  machines 

and    good,    reliable   men   are   al8i  .    and    men    require 

attention.    They  musl  bi  epi  comfortable  and  sans- 

li.d:   have  good  living  condition  and  some  one  to  see  that 

■  i  what  thej  need  In  thi  "i  supplies  and  repairs. 

With  this  in  mind  many  thini  '.re  done,  an  enumeration 

■'•Inch    maj    I II  '  on    this    ro 

ditcher  worl  in  the  Bummer, 

in    the    winter.      Ditching   and        ling    small    bridges    form    the 

principal   work.     As  a   result    the   ere*    musl    llvi     Ii 
continually,  excepting  tor  short   periods  when  they  an 
to  visit   their  families,     in  ,"     r,  therefore,  to  provide  com- 
fortable   quarters    |  ting,    making    out 
reports,    itiv.    old    ,                              ..'ii    and    rebuilt     throughout. 
The   ditcher   engineer   wai                            mini-  Ii    thi 
way    iie    wished,    and    in.ni'.                          Were    made    to    e  o,iform 
to  the  ideas  ol   the   men. 

On  account  of  the  low  rate  I  pay  allowed  for  ditcher  fire- 
men, young  men  were  hired       eference  being  given  to 

just  out  of  good  schools  or ges.     They  almost   invariably 

developed  into  engineers  and  jobs  were  procured  for  them 
on  other  roads  if  we  could  not  place  them.  Firemen  are  as- 
Bigned  permanently  in  thi  is  ei  gini    is  to  certain 

ditchers  and  all   at  made  so  as  not  to  allow 

"bumping"  bj    othei  oldest  Up  ,i  also 

as  ;,n  extra  engineer  and  we  i  ius  available  for  relief  work 
when    regular    engineers  duty.      The    organization 

was  also  such  that  engineers  ,vere  allowed  to  hire  local  men- 
to  replace  a  fireman  temporarily. 

Improvements  in  the  Ditchers. — The  ditchers  themselves 
were  equipped  to  c.  ppiy  oi  coal,  thus  neces- 

sitating coaling  in  the  mornm.  only.  Another  improvement 
was  made  by  running  water  pipi  -  from  each  ditcher  through 
each  dump  car  to  the  loci  ider.     With  this  an 

nient  it  was  possible  to  tak,  ,-ater  while  the  train  was  run- 
ning, thus  doing  away  witli  any  delay  consequent  on  the 
limited  capacity  of  the  watei  thanks  on  the  ditchers.  To  im- 
prove the  performance  of  the  diti  his  further  many  features 
were  also  introduced  with  refi  ence  i"  the  machinery  am! 
as  a  result  of  all  the  changes  the  ditcher  equipment  became 
the  least  prominent  of  tin  delay  given. 

Device  for  Clearing  the  Dump  Cars. — One  improvement. 
vhicli  hi  tped  considerably  In  <  nling  delay  on  the  work 
was  a  device  for  Cleaning  thi  dump  cars.  When  working 
in  wet  dirt  the  cars  required  cleaning,  as  the  mud  would 
stick  to  the  bottoms.  To  avoid  the  delay  of  shovelini 
a  heavy  hoard  was  made,  pointed  or  sharpened  on  one  end, 
and    a    chain   applied    to   the  i  ml    so    that    it    could    be 

handled  by  attaching  it  to  the  dipper.  When  using  this  the 
car  was  tilted,  after  which  the  mud  could  be  cleaned  off  in 
a  few  minutes. 

The  cars  were  dumped  by  pulling  a  cord  attached  to  the 
platform  of  the  caboose  and  small  home-made  spreaders  were 
used,  each  having  a  nose  which  could  he  lowered  to  the  rail. 
In  this  way  the  rail  could  lie  c  leaned  bj  a  movement  of  the 
train  and   much  shoveling  was  avoided. 

The  ditcher  outfits  were  assigned  to  divisions  and  the 
trains  "bid  in"  by  crews  No  inquiry  was  made  as  to  whether 
these  crews  had  experience  in  ditching,  and  this  did  not  really 
matter,  excepting  that  in  sum.  cases,  where  a  roadmaster 
would  give  the  conductor  entln  •  barge  of  th.-  job,  the  latter 
would  attempt  to  instruct  tip'  ditcher  engineei  However, 
i/ere  bul  ■  >  few  of  such  ..,-,■.-  and  in  cm),  ease  ii  de- 
veloped  that  the  ditcher  engineei    was  doing  poor  work.     This 

trouble  was  overcome  bj   reqm    ting  the  roadmastei  to  make 

two  copies  of  his  Instrui  io  the  conductor 

mhI  one  to  the  ditcher  englnei  i    thus  knowing  ex- 

actly what  was  wanted  and  having  no  reason  lor  hindering 
the  work. 


Municipal    Rail    Lines    in    Germany    Lose    Money.     Ii 
ported    from    Paris    that    BO    per    cent    of    Hie    surface    lines    in 
ontlnue  to  opi      '■  Host  of  these  lines 

are    publicly    owned. 

In  some  instances  competing   private  lines  meet   their  ex* 

:    paid     -mall    div  Id)  I 
In     Hamburg    the    municipal    lines     which    are    considered 
th.    managed   In  Germany,  were  barelj   able 

I,,  bn 

Tin  Be  facts  and  figures  are  offil  la]    and   are  taken   from  the 
COmpai  ■  tits  and   from   report!   of  Merlin's  transpor- 

tation 
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73- Year-Old   Locomotive  in   Service   in 
England* 

Much  interest  has  been  caused  recently  by  the  reappear- 
ance of  the  famous  London  &  North  Western  locomotive 
"Cornwall"  in  main  line  service. 

The  '■Cornwall"  wag  built  during  that  period  of  English 
railway  history  known  as  "the  Battle  of  the  Gages.''  occa- 
sioned by  the  policy  of  the  then  Great  Western  directors, 
acting  on  the  advice  of  their  engineer,  Brunei,  in  adopting 
the  7-ft.  gage  as  against  the  4-ft.  S%-in.  gage  inaugurated  by 
Stephenson  and  used  on  all  other  lines.  Excellent  records 
Tor  speed  having  been  claimed  for  the  Great  Western  8-ft. 
single  driver  express  engines,  Francis  H.  Trevlthlck,  then 
the  locomotive  engineer  of  the  London  &  North  Western  at 
Crewe,  and  a  strong  advocate  of  the  narrow  or  4-ft.  8%-ln. 
gage,  built,  in  1<47.  the  engine  "Cornwall"  having  single  driv- 
ing wheels  8  ft.  6  in.  in  diameter,  with  the  idea  of  showing 
that  whatever  could  be  done  in  the  way  of  speed  on  the 
■broad  gage  could  be  equally  well  done  on  the  narrow.  The 
engine  was  completed  in  November.  1847,  and  when  first  built 
the  boiler  was  placed  below  the  driving  axle  in  order  to  ob- 
tain a  low  center  of  gravity.  Two  steam  domes  were  fitted 
to  the  original  boiler,  each  joined  together  by  an  internal 
steam  pipe  taking  steam  to  the  "outside"  cylinders,  which 
were  17l2  in.  by  24  in.  A  safety  valve  was  fitted  to  each 
dome. 

It  does  not  seem  to  be  quite  clear  as  to  how  many  wheels 
the  engine  had  when  first  built;  some  say  eight  were  used 
— four  in  a  group  at  the  leading  end.  but  not  in  the  form  of 
a  "Truck"  or  "bogie,"  then  the  drivers  and  a  single  pair  at 
the  trailing  end.  Drawings  of  the  engine  thus  equipped 
have  several  times  appeared,  but  it  is  thought  that  such  an 
arrangement  was  only  proposed  prompted  by  the  fact  that 
several  Great  Western  engines  of  the  period  were  so  de- 
signed, and  that  in  reality  the  engine  always  ran  on  six 
wheels.  In  1S58  the  engine  was  rebuilt  with  a  new  boiler 
placed  above  the  axle.  Before  being  rebuilt  the  engine  was 
shown  at  the  London  Exhibition  of  1851.  It  is  also  reported 
to  have  attained  a  speed  of  117  miles  per  hour  down  a  grade 
"between  Madeley  and  Stafford  on  the  North  Western  main 
line.  After  being  rebuilt  a  second  time  by  the  late  F.  W. 
Webb,  the  engine  was  stationed  at  Edgehill.  near  Liverpool, 
in  1890,  and  was  principally  used  in  running  the  45-minute 
express  trains  between  Liverpool  and  Manchester.  The 
"Cornwall"  was  taken  off  the  Liverpool  and  Manchester 
trains  in  1902,  and  finally  was  taken  out  of  service  in  Au- 
gust, 1905,  being  considered  amongst  those  whose  work  is 
•  done.  The  engine  was  actually  in  work  58  years,  and  from 
the  time  it  was  rebuilt  in  November,  1858,  to  August,  1905, 
it  ran  92S.S38  miles.  No  record  of  her  mileage  prior  to  1858 
is  available. 

After  being  taken  out  of  service  the  engine  was  used  for 
the  Chief  Mechanical  Engineer's  private  coach;  the  coach, 
which  runs  on  six  wheels,  being  arranged  with  a  coal  bunker 
at  one  end,  was  coupled  direct  to  the  engine,  a  tender  being 
•dispensed  with. 

•From  the  Railway  Mechanical  Engineer. 


-       DRILLERS  DAILY  TIME  CARD 

Prii  i  fb                                                Key  No 

°:"*.'.r 

STfcHTEO 

STOPPCO         1      d,'"ib 

CXTHA  HELP 

!              1 

1              1 

Hints  for  Job  Getting 

Some  useful  suggestions  <>n  securing  positions  were  given 

by  the  Voluntary  Commit! the  Employment   Service  of 

tin'  American  Society  of  Civil  Engineers  in  th.'  Maj  Pro 
ceedings  of  the  Society.    We  quote  as  follows: 

l.     i  leclde  on  «  bal  you  want. 

i'.  Make  sure  your  qualifications  give  you  an  even  chance 
of  getting  it.  Do  not  think  100  per  cent  i>  necessary.  Per- 
fection  does  not  exist 

:!.     Do  not  go  after  a  job  unless  you  mean  busini 

4.  There  are  three  factors  to  every  job,  viz.,  advancement, 
experience,  Balary.    Do  not  ignore  tin-  first  two. 

5.  Remember  that  the  job  gets  the  salary,  not  the  appli- 
cant's qualifications. 

6.  Job  getting  is  selling  one's  services.  The  successful 
salesman  knows  his  product  thoroughly,     study  your  goods. 

Letter  Writing. 

1.  The  object  of  a  letter  is  to  get  an  interview.  Letters  do 
not  get  jobs. 

2.  Padding  of  payrolls  is  a  felony.  Padding  of  letters  is 
equally  dangerous  for  the  job  hunter. 

3.  A  letter  must;  Arouse  interest;  create  desire;  prove 
the  case;  and  convince  the  reader  that  an  interview  will  be 
profitable.  Therefore:  Be  as  brief  as  is  consistent  to  prove 
your  claims.  Make  no  claims  not  backed  by  the  experience 
record.     Always  include  the  experience  record. 

4.  Attractive  packages  improve  the  sale  of  goods.  There- 
fore, typewritten  letters  on  plain  business  stationery  are  bet- 
ter than  long-hand  letters  on  club  or  personal  stationery. 

Interviews. 
The  interview  is  "the  day  in  court."    Getting  it  is  only  one- 
half  the  battle.    When  being  interviewed: 

1.  Be  confident  of  your  work,  but  not  presumptuous. 

2.  Be  sure  you  want  the  job  and  be  ready  to  prove  why 
you  should  get  it. 

3.  Ask  a  fair  market  price  for  your  goods.  Do  not  prof- 
iteer.   Do  not  be  a  philanthropist. 

4.  Assay  the  three  elements  Advancement,  Training, 
Salary,  and  be  guided  by  the  sum  of  the  three  in  accepting 
or  declining. 

5.  Leave  in  a  pleasant,  hopeful  manner  if  the  job  is  not 
decided  then  and  there. 

6.  A  letter  of  acknowledgment  of  the  courtesy  of  an  inter- 
view is  good  policy  following  a  promising  call. 

Finally,  maintain  the  proper  mental  attitude.  Do  not  let 
your  morale  slump.  No  one  wants  a  grouch  or  a  man  who  is 
not  sure  of  himself. 


Daily  Time  Card  for  Drillers 

A  useful  card  for  recording  the  daily  time  and  operations 
of  drillers  is  reproduced  below  from  "Big  Blast  Hole  Drills," 
a  publication  of  the  Sanderson  Cyclone  Drill  Co.,  Orrville,  O. 
Very  little  time  or  effort  is  required  of  the  drillman  in  filling 
out  the  card.  Practically  all  operations  in  big  hole  drilling 
are  designated  by  numbers,  and  these  are  used  by  the  drill- 
man  in  filling  out  his  time  card. 
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Chemical   Killing   of  Weeds  on   Rail-  W"!  ,ak"  '"  ■£  '"r "'"'■  Ah""  :i  MiimM  application 

^                                             *              ,,        ,  ol    1G  gal.  per  tool  for  14  ft    width  will  take  210  pal. 

way    Koadbeds  The  rati-  ol  spraying  per  unit  ol  Burtace  Is  regulated  either 

Information  on  thl                        given  bj  ''>'  controlling  the  amount  01  i..|in.i  allowed  to  escape  from 

aual  meeting  J' '  ■  u|li,1i  can  be  made  undi  1  thi   .  ..ntrol  of  the  operator,  or 

n  ,,.  1   -                                                   ,Ve  quote  l,v  v ;,r>  ""-'  "'"  speed  of  the  train  01  by  both  means.    The  rate 

■    report  as  folio  '  M    '"     dlrectlj    proportional    to   the   weed 

■                •  rst   Initiated   in    1906   bj    Dr.  growth    and    must    be    controlled    by    the    judgment   of    the 

Q    reeton,  Tea  .  and  a  limited  '  : '  '  ■  '"'' 

attained  by  him      I        fining  our  state-  When  the   Chemical   Should   Be   Applied.— It   is  claimed   by 

started  *"""'  roads  using  I                             1  killer  that  the  weeds 

in  1                  1  :.  with  a  te«  read-  trei                1  rately  long  should  be  allowed  to  attain  th<  ii   Cull  growth  before  applloa- 

track.     The   war  interfered   with   Its   progress,  t             ;                                            the  stocks  will  carry  the 

.,,1  iioison  to  the  roots.    Ot'e                    aa(  the  chemicals  should 

thousands  of  De  applied  to  the  growing                   order  to  eliminate  them 

lilwaj    and   troll.;.                                              ch   year.  lro1"  '"e  roadbed,  during  the  summer  season.     It  should  be 

yearly  Increasing  mlleagi                 atracting  com-  applied  before  cutting  the  weed  .  as  cutting  causes  the  weeds 

Ipped  lor  this  t0  seal  over  the  cut,  preventing  the  poison  penetrating  to  the 

work      The   scarcity   and    high   rate   of                          no   doubt,  roots. 

■his  method  of  weed   killing  u  -shoul<l   not  be  applli                      tely  alter  a  rain   as   the 

The  Chemical.— The  chemical  mostly  used    bo  far  found  out,  ce,ls  of  tne   weeds   will   be   1  ill   of  water  and   prevent   much 

is  a  mixture  or  compound  of  arson!                            ida,  using  poison   entering.      It    is    claimed    in    some   reports   that   the 

,, -,.  chemicals   should   not   be   applied    immediately    before    rain, 
rata       l    ■    ■                                                cordance  ;is   raiu   washes  the   solution   away   so   it   will  not  enter   the 
with  needs  or  demands  in  cans,  barrels,  drums  or  tank  cars,  Plant.     It  is  claimed   by  Othi        that  rain  after  application  Is 
titrated  form,  and  diluted  with  water  at   the  place  of  beneficial,  be.                                              dried,  is  redissolved  by 
aces  require,  which   is   usually  one  the  rain  and  is  then  absorbed  b;   the  plant. 
part  of  the  concentrated  chemical  t..                    .arts  of  water,  ll   is   claimed    b      thi                             chemical   weed   killing 
with  the  arsenic-caustic  soda  combination  referred  to  above.  tna*   successive  application   in   lessening  quantities  per  year 
ition  is  made  on  any  desired  scale  from  a  hand  car,  for  tnree  years  will  completely   extirpate  the  weeds,  and  the 
•  .ar.  or  entire  train,  all  with  proper  equipment.  ""'>   oneB  afterwards  growing   will  come  from  seed  blown  or 
How   the    Chemical    Is  Applied.— The   fully   equipped   train  carried  in  on  the  right-of-way.     It  is  also  held  that  the  ground 
is   the   only   method   with   which  to   work  economically  on   a  may  be  completely  sterilized  by  the  chemicals  so  it  will  not 
large    Bi  alt       The    train    is   made   up   of   6    or   8    cars.     The  8row  weeds,  but  no  instance  of  it  actually  being  done  has 
front  or  pilot  car  of  the  train  contains  the  sprinkling  appar-  Deen  given.     Only  one  case  has  been  reported  so  far  of  corn- 
composed  mainly  of  pipes,  perforated   with  small  holes  Plete  killing  of  weeds  after  three  years'  application.     Some 
or  nipples   for  the  emission  and  diffusion  of  the   poisoning  reports  indicate  that  the  most   effective  method  is  to  make 
liquid,   valves,   meters,   etc.,   all   under   the   complete   control  tne  first  application  so  strong  that  all  the  weeds  are  killed— 
of  the  operator.     In   the   same  car  are   pumps  and  air  com-  tnat  successive   weak  applications   tend   to  make   the   weeds 
pressor   actuated    preferably   by   motors    of    Marine   type,    to  immune.     Some   grasses   and    weeds,  such  as   Johnson,   Ber- 
furnish  pressure  to  the  liquid,  in  applying  it  to  spraying  the  muda,  Salt,  Blue  Stem,  Wire.   Crab  Grasses,  Horsetail,  Rag- 
weeds, and  to  furnish  compressed  air  for  mixing  the  diluting  weed  and  Bull  Thistle  do  not  appear  to  be  killed  by  a  single 
with  the  cote  entrated  chemical.     The  liquids  are  thor-  application,  and  their  complete  destruction  is  still  a  problem, 
oughly  mixed  by  means  of  compressed  air  before  application.  0ne  roa<1  reports  that  after  four  years'  application  it  was 
In  the  after  part  of  this  car  may  be  living  quarters  for  the  decided  to  discontinue  entirely  the  use  of  the  weed  killer  and 
crew.    The  main  part  of  the  train  is  made  up  of  tank  cars—  resort  to  the  weed   burner,   claiming  that   the    'weed   killer" 
all  connected  together  with  lines  of  pipes,  and  fully  supplied  did  not  destroy  all  the  weeds  and  those  that  did  succumb  were 
with  valves,  meters,  all  necessary  appliances.     One  of  these  dried  and  left  to  foul  the  ballast   and  otherwise  giving  an 
tank  cars  is  loaded  with  the  concentrated  solution  which  is  unsightly    appearance    to    the    roadway,    and    also    that    the 
drawn  out  as  needed.    The  other  tank  cars  carry  a  supply  of  cost  was  far  in  excess  and  also  the  results  less  satisfactory 
the   chemical    diluted    to   the   strength   for    spraying    on    the  witn  the  weed  killer  than  with  the  weed  burner. 

be  last  tank  car  contains  Eepellant,  a  liquid  to  be  Killing  Weeds  with  Common  Salt.— Attention  is  directed  to 

ikied  over  the  weeds  after  the  poison  has  been  applied  tne  application  of  common  salt  to  weeds  on  454  miles  of  the 

at  road  crossings,  station  grounds,  etc.,  in  places  where  cattle  Erie  R-  R-  as  reported  by  Mr.  I.  II.  Schram,  Regional  Engi- 

are  liable  to  browse  on  the  vegetable  growth  and  be  poisoned  neer-     The  salt   was   applied   from   the   car   by   shoveling  on 

•    compound.     This  Repellant  is  bitter  or  contains  some-  chutes  wh'ich  made  the  distribution  in  work  train  service  at 

thing  disagreeable  to  grazing  stock;    thi      however,  appears  tlle  rate  of  0.8  car  loads  per  mile.     The  cost  was  for  labor 

to  be  of  doubtful  value.     Last  of  all  comes  the  locomotive  — 

pushing  the  trains.    Before  starting  to  sprinkle — the  tank  cars  SUMMARx  OF  DATA   RECEIVED 

ing    the   diluted   mixture    are    filled.      The   concentrated  „      .                 t,  ,    ,,,.      c;p,er  -M!'<^  „ 

■       .                                                                                     j    .  .  Road.                                                           ost.   So  hit  on           Remarks 

ileal  is  drawn  from  its  storage  car  and  mixed   14  to  20  Bait,  fc  0                                                                             ™arKS 

parts  more  or  less  of  water  as  practiced    by  the  company  J;                                                        5.73 

" ,."  South.    I'acinc.  1920     2,000                                1:20              1920  and  later 

with   largest   equipment   and    doing    most    treatment   on    the  South,   l  .                                             65.00                    First   treatment 

roads,  while  another  company  dilutes  with  equal  volumes  of  South.  Pacific..!                                                           Second  treatmt 

concentrate  and  water.     Thus  the  amount   of  dilution   must  g                                                                                    Second^JreMnVt 

be  det                         ach  case  from  the  strength  of  the  solution  Illinois   Central.  1920                                        i:&20 

and  the  vigor  of  growth  and  thickness  of  the  stand  and  kind  S?k!  mr.Y.Y.mi      "S     l**     UZM    1:12&2°     First    treatment 

lea  of  weeds  to  be  killed.  m!  k.  a-  t  . 

The  volumes  are  measured  by  meters  and  gag.         i  be  tan]  ; ; .  '  [jl0                                                     WeS'e*  line's 

ught  to  contain  enough  liquid  t-  the  next  water       Santa  Fo  1921        171  South'n  District 

'"^  ";;;:;;:  !•::  ::::::  JS!                          f£y?onDDivMon 

ir,  and  by  Colli                                 or  local  South?™    Ry...  1914                                                             May  and   June 

■<■>""■  Southed   uv-                                                                    AwJ"****' 

ation  is  rea< ■!.■                                 hour  is  So                                                             v89                     August'   Sept.' 

hour  is  usually  long  enough  to  refill  J  ' 

ptj  tank  cars  with  another  supply.  Union    I 

Rate    of    Application.  MO 

ach  or  even  ifaetnrera  Distribution  of  Cost. 

more  than  the  strength  of  solution.                                     ■   unit  of  L'.' '                                                              |0.«007B 

,,                                                                              ,  Manufacturing    —                               0.0BS 

measurement  is  gallons  of  solution  p.                      ,1th  per  mil.  0.1205 

of  roadbed,  which  appears  to  be  Ordll                          the  limits  General    Expense    0.04H 

of  5  and  15,  or  a  minimum  application  of  5  gal.  for  width  of  $0,815*5 
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and  train  $13.40  per  mile,  for  foreign  freight  $is  7.".,  total 
$32.20.  The  cost  of  hand  weeding  in  that  district  has  been 
$73.33 — which  gives  cost  of  salt  application  44  per  cent  of 
cost  of  hand  weeding.  The  salt  was  good  rained  salt,  but 
rejection  from  crusher  account  being  tor  market, 

and  was  received  without  cost.  Approximately  4"  tons  per 
mile  was  used.  The  application  was  very  effective  and  killed 
all  the  weeds.  In  this  part  of  New  York,  in  the  vicinity  of 
Rochester,  salt  has  been  used  for  a  number  of  years  for 
weed  killing.  Care,  however,  must  be  exercised  in  its  appli- 
cation to  prevent  interference  with  automatic  signaling. 


Emergency  Electric    Railway   Bridge   Built 
in   11    Hours 

A  remarkably  quick  piece  of  temporary  bridge  construction 
under  difficult  circumstances  was  carried  out  last  December 
by  the  Holyoke  (Mass.)  Street  Railway,  under  the  direction 
of  George  E.  Pellissier.  assistant  general  manager.  We  are 
indebted  to  the  Electric  Railway  Journal  for  the  following 
details  and  the  illustration. 

This  emergency  job  was  necessary  on  account  of  a  mis- 
understanding as  to  temporary  diversion  of  electric  railway 
traffic  during  the  construction  of  the  new  "Valley  Bridge" 
over  the  second  level  canal  in  Holyoke.  The  railway  com- 
pany had  only  five  days  available  to  secure  the  material 
necessary  for  the  trestle,  to  fabricate  it  and  to  deliver  it  at 
the  bridge  site,  and  only  one  day  available  to  erect  the  struc- 


top  ol  tlic  crib  and  slide  right  into  place  with  one  end  of  the 
beam  resting  on  the  bed  of  the  canal.  The  two  horses  on 
these  beams  were  thus  deposited  practically  in  their  proper 
position  and,  being  on  an  incline,  very  little  effort  was 
necessary  to  pull  them  into  upright  position  and  bolt  them 
together  to  form  the  double  horses  or  piers  which  are  shown 
in  the  accompanying  elevations. 

The  intermediate  horses  w  ere  then  dropped  over  the  wall 
of  the  canal  and  placed  under  the  steel  beams  resting  flat 
on  the  bottom  but  with  their  bases  in  their  final  position. 
A  couple  ol  stakes  were  driven  to  keep  these  bents  from  slid- 
ing and  a  line  from  the  donkey  engine  to  the  top  of  the 
bents  pulled  them  into  an  upright  position.  As  they  came 
up  they  lifted  with  them  the  two  steel  beams,  which  of  course 
would  then  be  in  their  final  resting  place.  One  of  the  sections 
was  then  used  for  a  run  to  roll  out  the  middle  section  end 
of  the  trestle,  using  the  donkey  engine  for  motive  power. 


Production   of  Explosives  in   1921 

The  quantity  of  explosives  used  in  the  United  States  during 

the  calendar  year  1921  was  lower  by  more  than  30  per  cent 

than  the  amount  consumed   in   1920,  according  to  the  U.   S. 

Bureau  of  Mines.    Reports  received  by  the  bureau  show  that 

the  total  sales  amounted  503  lb.,  as  compared  with 

1.750   lb.   the   year   before.     Of  the   total   amount    sold 

.'  250   lb.    (43.0   per   cent)    was   black    blasting   powder, 

2  li'2   lb.    (45.9   per  cent)    "high"  explosives  other  than 

permissible  explosives,  and  41,133,851  lb.   (11.1  per  cent)  per- 

H^teS      «~*6    (***'  ^ 
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Steps   in    Erection   of  Temporary   Electric   Railway   Bridge   at   Holy  oke,    Mas 


ture.  It  was  possible,  through  the  courtesy  of  the  Holyoke 
Water  Power  Co..  to  draw  the  water  out  of  the  canal.  It 
required  until  11  a.  m.  Sunday  to  do  this,  however,  and  as  the 
paper  mills  which  draw  water  from  this  canal  all  had  to  re- 
sume operations  early  Monday  morning,  it  was  necessary 
to  let  the  water  back  into  the  canal  beginning  soon  after 
midnight.  A  total  of  but  15  hours  was  available  from  the 
time  the  first  work  could  be  done  until  the  job  was  com- 
pleted and  all  materials,  tools,  etc.,  had  been  removed  by  the 
company  from   the   canal  bed. 

Soundings  made  before  the  water  was  drawn  out  showed 
that  the  canal  bottom  was  soft  ooze.  Provision  was  made, 
therefore,  for  building  cribwork  on  the  bottom  and  timbers 
were  framed  to  make  up  seven  supporting  horses.  The 
horses  were  framed  near  by  and  slid  into  place  by  means  of 
rollers  and  a  donkey  engine.  The  steel  I-beams  were  lifted 
into  place  by  means  of  the  rigging  shown  in  the  accompany- 
ing drawing,  in  the  following  manner: 

These  horses  were  framed  on  the  banks  of  the  canal  while 
the  steel  beams  were  being  assembled  and  bolted  together 
in  three  sections,  each  50  ft.  long.  On  two  sections  of  steel 
work,  one  on  either  side  of  the  canal,  two  complete  horses 
were  placed  and  the  steel  sections  with  their  horses  were 
mounted  on  rollers  on  the  banks  of  the  canal.  While  the  water 
was  being  drawn  out  of  the  canal  these  steel  sections  were 
hauled  out  over  the  canal  by  means  of  a  donkey  engine  (the  only 
power  equipment  available  for  the  job)  until  the  sections 
were   practically  balanced   on  the   edge   of   the   wall. 

As  soon  as  the  water  was  out  of  the  canal  a  crib  was 
made  of  ties  on  the  bed  of  the  canal  under  the  ends  of  the 
projecting  steel  beams  just  high  enough  so  that  when  the 
steel  beams  were  tipped   down  they  would  strike  a  roll  on 


missible  explosives.  As  compared  with  the  preceding  year 
these  figures  indicate  a  reduction  of  37.2  per  cent  in  sales 
of  black  powder,  25.4  per  cent  in  "high"  explosives,  and  23.8 
per  cent  in  permissibles.  Permissible  explosives  are  those 
which,  because  of  having  passed  certain  tests  prescribed  by 
the  Bureau  of  Mines,  are  considered  reasonably  safe  for  use 
in  gaseous  and  dusty  coal  mines. 

The  coal  mining  industry  is  always  the  largest  consumer 
of  black  powder  and  permissible  explosives,  the  consump- 
tion usually  comprising  about  S3  per  cent  of  the  entire  amount 
manufactured.  In  1921  the  coal  mines  used  5.613,435  kegs 
or  140,335,875  lb.  of  black  powder,  24,231,542  lb.  of  "high" 
explosives,  and  38,065,650  lb.  of  permissibles,  representing 
decreases  of  36  per  cent,  8  per  cent  and  16  per  cent,  respec- 
tively, as  compared  with  1920. 

Metal  mining  and  all  other  mining  (excluding  coal)  used 
184,792  kegs  or  4,619,80"  lb.  of  black  powder,  50,977,366  lb.  of 
"high"  explosives,  and  881,710  lb.  of  permissibles,  indicating 
decreases  of  47  per  cent.  43  per  cent,  and  76  per  cent,  respec- 
tively, below  the  year  1920. 

Railroad  and  other  construction  work  was  the  only  branch 
of  industry  using  a  larger  quantity  of  any  kind  of  explosives 
than  in  1920.  This  class  of  work  consumed  18.317,333  lb.  of 
dynamite  and  other  high  explosives  as  compared  with  15,- 
052,608  lb.  the  year  before,  but  there  was  practically  no 
change  in  the  quantity  of  permissibles,  while  the  consump- 
tion of  black  powder  declined  from  196,172  kegs  in  1920  to 
163,688  kegs  in  1921. 

The  quantity  of  explosives  used  for  all  other  purposes  fell 
off  49  per  cent  for  black  powder,  59  per  cent  for  permissibles, 
and  23  per  cent  for  other  high  explosives. 
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Cost   of   Passenger   Platforms  on    Pennsyl- 
vania  R.   R. 
n  appendii  i<>  ■  committee  repi  i  al  '1|>■  las! 

annual    convention   of    the    American    Railwaj    Bridge   and 
Bnildli  Ion,  Mr    II    SlUcox  Bubmitted  the  following 

engei    platforms  of  the   Penn  ylvania   System, 
:  I]  |  pi  li  as  "i  materia]  and  l 

VITRIFIED  BRICK   BLACK   PLATFORM. 

2  in.  by   -i 
bluestom     headers     ind  curl 
plai  i  I 

:   12  n    platfoi 

ii  reti    In   plai  ■ 

sand  cushion    .i    .;    DO 

place    v    $8 16-00 

I    tie    rod    in    plai 

7  in.    it.  curb  in  plai  e 

$48.80 
and  ..4.88 

$53.68 

Per  square   f,„,t    ...  $  1.24 

VITRIFIED    BRICK     BLOCK     PLATFORM. 

Spoclii  cinder   base,   -   In  2   In.   by  -l 

in    bluestone  headers  and  curb  with  the  rods 
placed 
Cost  of 

3  cu.   >,is    excavat and    disposal  $6.00 

"'."ii 

I    j  d.   s:niil   cushion  ■  75 

.    ... 

•  od  Is  place   B   t'  ""     00 

7   tin.    ft.    curb   in    i  iO    L0  50 


liiusli    fl     Jim.;.      60 

8   Im    ft     curb         -  2.00 


CINDER  PLATFORM. 

18  in.  cindei  second 

bolted  i"  7  in    \  9  in.  creosoted  oak   | 
4  ft.   6  in.  deep  placed    I  foot  centers. 
Cost  of  1   ft.  section  of  12   ft.   platform — 

ccavation  and  disposal  6   $2.00  $2.00 

■j    yd.  cinders  in   place    3    $2.00 1.40 

2  lin.   it.  curb   in   place    §    $0  87 74 

$1.14 
10%  contingencies  and  overhead   41 

Total    J    1 .55 

Per  square   foot    $  0.38 

GRANOLITHIC    PLATFi  >i:.M 

Specifications — 1  in.   finish,    I   In.   concrete,    18  In.  cinders  and  con- 
crete   curb. 
Cost  of  1   ft.  section  of  12  ft.   platform — 

1  CU  ii  |  losal  @  $2.00 $  2.00 

1  cu.  yd.  cinders  in  place  fj   $2.00 2.00 

$20.00 5.00 

2  lin.    ft.    concrete  curb    'n     $1.00 2.00 

i:  sq.  ft.   i   In    finish    .i    $0.15 1.80 


Total     $14.08 

Per  square  foot  $  1.17 

SCREENINGS    PLATFORM. 
Specifications— €  in.   screenings,   18  In.  cinders  and  wood  curb. 
Cost  of   1    ft    section  of  12  ft.   platform — 

1  cu  ion  and  disposal  ®  $2.00 $2.00 

Inders  in  place  @  $2.00 2.00 

tags  In  place  %  $3.25 77 

2  lin.   ft.    curb    in    place    @    $0.3i 74 


10%   <■• 


$  6.06 

$0,505 

\\'><  IDBN   I'LATFORM. 
Specifications — 2  In.  x  5  In.  yellow  pine  decking  SUS:  4  In.  x  6  In. 
x  8   In.  yellow   pine  sills;   6  In. 
bj   on   stone    blocking. 
Cost  of  4  ft.  section  of  12  ft    platform — 

$  4.00 

•     yellow  pine     I  $  6.53 

; 

•••   pine    ■'    $112  50 10.12 

2.00 


$31.20 

$  0.65 

CONCRETE    PLATFORM 

Specification— 5  In.   concrete.   is    in    clndi  .    headers  and 

■  orb, 

'    'in — 

1  cu  $  2.00 

1    co  2  00 

te  in  place  <&,  $20.00 


$11.66 

inn     fool  $  n.07 


Saw  Rig  for  Cutting  Off  Pile  Heads 
A  saw  which  cuts  piles  Irrespective  of  the  Btate  of  the  tide 
has   been   devised   by   thi  Snare   Corporation   and 

is  In  use  mi  pier  job  at   Philadelphia.    This    ob  Includes  the 
driving  ami  Bawlng  ofl  of  aboul  7,60(1  piles.    We  arc  in  u-hted 
to  Buccesaful   Methods  for  the  following   particulars  regard- 
ing the  saw   rig: 
The  rig  consists  of  a   is  in    circular  snw  attached  lo  the 


Saw  Rig  for  Cutting  Off  Pile  Heads, 
bottom  of  a  shaft  which  is  operated  by  a  35-H.  P.  motor. 
A  "bridge,"  which  runs  the  entire  width  of  the  pier  (186  ft  t 
is  mounted  on  seven  trucks  and  is  propelled  over  rails  by 
means  of  an  engine  driven  by  compressed  air.  The  bridge 
carries  two  14-in.  I-beams  which  serve  as  rails  on  which 
the  saw  rig  may  travel  sideways. 

Before  sawing  the  piles,  3  by  12  timbers,  which  are  part 
of  the  permanent  deck,  are  bolted  to  each  pile  at  the  proper 
elevation  for  cut  off.  The  saw  is  then  run  up  and  plated  on 
these  timbers  as  a  guide  and  the  piles  sawed  off.  By  means  of 
a  screw  I-bolt  on  the  top  of  the  saw  shaft  a  man  is  enabled  to 
keep  the  saw  always  in  adjustment,  so  that  the  cut-off  is 
made  sufficiently   true   for  the  timber  caps. 

The  pier  is  is.",  ft.  wide  by  550  ft.  long.  The  piles  \ary 
in  length  from  40  ft.  to  7.".  ft.  and  are  driven  by  two  Boating 
pile  drivers,  The  piles  are  on  I  ft,  centers  except  at  column 
bases,  where  they  are  spaced  2  ft.  R  In. 

The  saw  will  cut  oft  a  bent  of  225  piles  in  three  hours  at 
low  tide.  The  idea  of  the  saw  was  to  cut  the  piles  off  under 
water,  and  while  Ibis  operation  has  been  done  satisfactorily, 
the  progress  made  with  the  Baw  and  the  pile  driving  has 
uch  that  the  rutting  off  ol  the  piles  Is  only  done  when 
the  cut-off  is  above  water.  The  saw  is  water  cooled  b]  1 
man  with  B  shovel  who  also  frees  the  pile  heads.  After 
the]  an     awed  on*  the  pile  beads  are  rawed  Into  lumber 
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Methods  of  Jetting  Piles 
In  general,  the  method  of  driving  piles  by  using  a   water 
jet   as  an   auxiliary    baa   been   found   to   be    verj    successful. 
It  is  especially  useful  in  marine  driving,  or  in  any  to< 
where  the  piles  are  driven  in  the  water     Some  lnt( 
information  on  jetting  piles  was  given  bj    Mr.  K.  C.  Young, 
in  an  appendix  to  a  committee  report  presented  at  the  last 
annual  convention  of  the  American  Railway  Bridge  and  Build- 
ing  Association.     The  notes   following   are   taken    from    Mr. 
Young's   report: 

Tins   method   of  driving  piles   is  more   successful  in   sandy 

ial,   although   it   can   be   used   where  considerable   clay 

soil  is  present.    It  is  also  by  far  the  best  method  of  putting 

down  sheet  piles  in  the  water.  The  outfit  to  he  used  should 
be  mounted  upon  a  scow  of  suitable  size,  having  a  pump  cap- 
able of  delivering  at  least  400  gal.  of  water  per  minute.  The 
jet  should  be  made  of  2'i-in.  pipe,  long  enough  to  reach  the 
bottom  of  the  longest  pile.  It  should  have  a  nozzle  of  about 
l'4-in.  in  diameter,  although  good  jetting  can  be  done  in 
sand  to  a  depth  of  20  ft.  with  a  nozzle  as  small  as  %-in., 
using  a  correspondingly  smaller  pump,  provided  the  larger 
sized  pump  is  not  available.  This  machine  should  be  equipped 
with  drums  or  winches  enough  to  operate  the  hammer  line, 
pile  line  and  jet  line  at  the  same  time.  It  should  also  be 
equipped  with  one  steam  capstan  on  each  side  of  the  scow 
to  insure  quick  moving.  This  machine  should  be  able  to 
drive  an  average  of  10  piles,  SO  ft.  to  45  ft.  long,  per  hour 
with  a  peneration  of  15  ft.  to  30  ft.  in  sand. 

The  following  is  a  description  of  an  apparatus  used  by  the 
Lake  Superior  and  Ishpeming  for  dredging,  driving  piles, 
pulling  piles  and  other  miscellaneous  work  in  the  harbor. 
In  the  spring  of  191$  this  road  built  two  scows  from  timber 
resawed  from  an  old  dismantled  wooden  ore  dock,  at  a  total 
cost  of  $3,130.  One  scow  was  designed  to  carry  an  "Ameri- 
can ditcher."  It  is  22  ft.  6  in.  wide,  by  50  ft.  long  and  6  ft. 
6  in.  deep.  The  other  scow  is  a  dump  scow  16  ft.  6  in.  wide 
by  30  ft.  long  and  5  ft.  9  in.  deep,  with  a  capacity  of  30  cu. 
yd.  of  earth.  It  was  made  light  so  it  could  be  towed  by  an 
ordinary  fishing  launch,  propelled  by  a  10  hp.  to  15  hp.  gaso- 
line engine. 

The  outfit  is  capable  of  handling  about  300  cu.  yd.  on  a 
half  mile  haul  in  an  S-hour  day,  with  4  men.  If  a  much  longer 
haul  is  necessary,  two  dump  scows  will  be  needed.  This  ap- 
paratus is  very  convenient  in  picking  up  shoal  spots  around 
a  harbor,  because  it  will  work  to  the  full  depth  close  to  the 
dock  fenders,  which  cannot  be  done  with  a  dipper  dredge, 
and  because  it  will  move  the  material  at  a  less  price  per  yard 
in  cleaning  up  shoal  spots  and  is  always  available  when 
needed. 

Early  in  1921  the  Lake  Superior  &  Ishpeming  was  obliged 
to  drive  three  30-pile  clumps  of  protection  piles  at  the  end  of 
its  concrete  ore  dock.  These  piles  were  Oregon  fir,  50  ft. 
long  with  10  in.  top  and  were  driven  in  22  ft.  of  water,  19 
ft.  into  tho  sand  bottom.  The  American  ditcher  was  mounted 
upon  the  scow,  which  was  fitted  with  32-ft.  rigid  leads  at- 
tached to  the  end  .  of  the  boom.  A  2,200-lb.  drop  hammer 
and  follower  was  used. 

A  6-in.  by  8-in.  duplex  pump  was  installed.  The  pump  was 
rather  small,  but  the  boiler  would  not  furnish  steam  for  a 
much  larger  pump.  The  jet  pipe  was  2  in.  in  diameter  and 
40  ft.  long,  with  a  %-in.  nozzle  which  was  as  large  as  the 
pump  would  furnish  water  for.  A  small  gasoline  hoist  was 
installed  on  the  scow  to  furnish  power  to  handle  the  water 
jet.  This  rig  was  operated  by  a  crew  of  8  men  and  should 
be  able  to  drive  an  average  of  6  piles  an  hour  in  ordinary 
work. 

In  driving  these  clumps  only  4  piles  an  hour  were  driven, 
the  delay  being  caused  by  the  difficulty  in  getting  the  piles 
close  enough  together.  After  this  work  was  finished  the  crew 
started  to  pull  the  old  piles  from  ore  dock  No.  1.  These 
piles  were  45  ft.  long,  cut  off  1  ft.  above  the  water  and  pene- 
trated 25  ft.  into  the  ground.  There  was  some  clay  mixed 
with  the  sand  bottom  at  this  point  and  it  was  found  that 
the  pump  did  not  have  quite  capacity  enough  to  do  the  work 
economically,  only  2  to  4  piles  an  hour  being  pulled,  but 
later,  where  the  piles  were  35  to  40  ft.  long,  the  outfit  was 
able  to  average  about  7  piles  an  hour.  The  scow  was  rigged 
up  with  two  single  blocks,  so  that  a  pulling  strain  of  about 
30  tons  could  be  given  to  the  pile  while  jetting.  Five  men 
were   employed   in    pulling   piles.     The    timber   recovered   is 


Norwas   pin-  y  sound.     A  pari   of  it   was  sold  to 

the  mines  tor  trestle  legs  and  the  balance  will  he  sawed  inlll 

tlat    car  clerking   with   a    portable   sawmill.      The    work    was    iii 
charge   Of   August    Anderson,   a    member   Of   tiiis    Association. 

How  a  Steel  Water  Tank  Was  Moved  Two 
Miles  Without    Being    Dismantled 

A  40.000-gal.  conical-bottom  Horton  tank  of  the  Canadian 
Northern  Kys  .  located  for  a  number  of  years  at  Resplendent, 
B,  c  .  was  moved  recently  a  distance  of  two  miles  by  an  un- 
usual method  which  proved  entirely  successful. 

method    used     was    as     follows:       Two    steel    flat     cars 
were   first  heavily   loaded  with   ballast,  and   spurred  out,  one 
!i  side  of  the  tank,  until  the  draw  bars  were  just  clear 
of  the  riser  pipe.     The   tank  ,  ked   up  about  20 

in     enough  to  allow  the  track  to  be  connected  under  tin 
pipe,  and  also  to  give'  sufficient  clearance  between  the  same 
and  the  top  of  the  rail. 

Two  timber  bents  were  erected,  one  on  each  end  of  the 
flat  cars,  just  inside  the  columns,  and  the  whole  structure 
was  supported  on  these  two  hents  which  were  tied  together 
at  the  top  with  two  8  in  x  8  in.  timbers,  notched  over  the 
caps  and  bolted  one  on  each  side  of  the  tank  bottom.  The 
weight  was  distributed  on  the   bents  by   placing  four  short 


Moving    40,000- Gal.    Steel    Tank    on    Flat    Cars. 

posts  on  top  of  the  bents  just  back  of  the  columns,  the  top 
ends  of  these  posts  wedging  against  the  bottom  of  the  tank. 
The  bents  were  well  sway  braced  in  both  directions  and  were 
bolstered  on  the  cars  with  a  2  in.  pin  through  the  center,  in 
order  that  the  cars  might  be  free  to  swing  when  going  around 
curves. 

The  cars  were  then  coupled  with  chains  and  turnbuckles, 
one  on  each  side  of  the  riser  pipe,  the  turnbuckles  being  used 
to  adjust  the  chains  going  around  curves.  A  floor  of  3  in. 
planks  was  laid  in  the  bottom  of  the  riser  pipe  and  about 
3%  yd.  of  gravel  were  deposited  in  the  heating  chamber  to 
act  as  ballast.  Four  sets  of  rope  falls  were  used  for  guy 
lines  extending  from  the  top  of  the  columns  to  the  sides  of 
the  flat  cars,  there  were  fastened  about  15  ft.  from  the  end 
of  the  cars,  in  order  that  they  would  guy  the  tank  in  both 
directions,  and  in  consequence  of  this  we  did  not  experience 
the  slightest  difficulty  in  negotiating  two  6  degree  curves. 

On  reaching  the  destination,  the  cars  were  again  spurred 
out  directly  over  the  new  foundation,  and  the  tank  jacked 
down  into  place.  The  actual  time  that  the  main  line  was 
occupied  was  2  hours  and  40  minutes,  and  no  delay  was 
caused  to  trains.  In  addition  to  this,  the  tank  showed  no 
signs  of  being  damaged  in  any  manner. 

\V<  are  indebted  to  The  Water  Tower,  a  publication  of 
the  Chicago  Bridge  &  Iron  Works,  for  the  above  information 
and  illustration. 


Increased  Demand  for  Timber  Production. — A  report  of  the 
Service  Bureau  of  the  American  Wood  Preservers'  Associa- 
tion shows  that  over  2,400,000,000  board  feet  of  timber  for 
various  purposes  was  pressure  heated  in  1921  by  the  122  wood 
preserving  plants  in  operation  throughout  the  United  States, 
thereby  surpassing  the  1920  record  by  nearly  17  per  cent. 
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The  Engineers  and  Railroad 
Transportation  * 

By    HOWARD   ELLIOTT. 

Economies    in   Transportation.    -Improvements    in   transpor- 
boon  continuous  I 
an,i  r  1, ,  mpllshed  la  i i k . ■  1  >-  to  be  lost  sight  ot    Not 

■  all  the  land  transportation  in  the  country 

dug  on  1       backs     t  men  or  animals: 

■here    are    being    handled    with    the    aid    ol    less    than 

00   men.   more  than   400,000,000,000   ton  miles  of  freight 

ft     J  effort  to  do  this  represents,  under 

the   old   methods,   the   labor   of   about    I  I    men.    and 

■  the   public  has   decreased    from    $3    to   about    l1^ 

r  ton  mile,  based  on  19.1  returns. 

;t   would  be  impossible  to  apply   this  amount  of 

man   power,   but   the   comparison   is  given   to   show   how   the 

efficiency   of   the    railroads   has    released   untold    man    power 

for    the    great    development    of    the    country    in    many    other 

It    may   be   argued   that   highway    transportation 

■  ped  even  more  than  it  has  if  the  railroads 
had  not  been  here  and  the  country,  therefore,  served  by 
highways    and    waterways       Without    the    railroads — the    pri- 

rorm  of  transportation  in  the  country— the  motor  vehi- 
cle,  the  gasoline   to  propel  it,   and   the   hard   surfaced  roads 
never  could  have  been  developed  except  to  a  limited  extent. 
Ever:  '••"'  railroad  manager  knows  that  some  fur- 

ther economii  Me,  but  they  depend  largely  on  two 

ra  that  cannot  be  made  effective  at  once:  First,  the 
spending  of  money  for  capital  account  in  the  creation  of 
better  facilities;  and,  second,  the  actual  price  paid  to  the 
individual  workman  and  the  development  in  him  of  a  spirit 
that  it  is  his  duty,  as  an  American  citizen,  to  do  all  he  can 
to  bring  down  the  cost  of  transportation,  because  of  the  help 
such  reduction  will  be  in  working  out  the  soundest  possible 
general  economic  scheme  for  the  whole  country.  This  same 
idea  ought  to  be  applied  to  those  who  work  in  mines,  fac- 
tories and  forests,  because  fuel  and  material  prices  affect  all 
and  very  largely  depend  on  the  efficiency  of  the  individual 
man  and  the  wage  paid. 

The  engineer  is  peculiarly  in  a  position  with  his  trained 
and  accurate  mind  to  help  in  determining  the  wisest  form 
of  improvements  in  transportation  facilities  and  practices 
to  be  made  (if  and  when  money  can  be  obtained)  for  in- 
creasing economies  of  operation.  Among  economies  that 
are  not  completely  developed  are: 

1.  Further  decrease  in  the  physical  resistance  to  be  over- 
come so  as  to  lessen  the  tractive  power  necessary  to  haul 
a  ton  of  freight- 
improved  location  and  design  of  terminals  both  for 
handling  carloads  and  merchandise;  improved  water  and 
fuel  stations. 

3.     Great   economies   in   the   production  and   use  of  power 

from  steam  and  electricity,  whether  obtained  from  fuel  or 

;  iiwer. 

4      Improved  design  of  locomotives  and  cars  so  as  to  have 

the  maximum  of  capacity  and  strength   with  a  minimum  of 

dead  weight. 

\  better  supply  of  well-designed  repair  plants  equipped 
with  high-powered  and  rapid-working  tools  in  all  shops  and 
roundhouses,  where  mechanical  work  is  performed. 

6.     Improved  methods  of  receiving,  storing  and  distributing 
at  quantities  of  materials  and  supplies  that  are  used 
day  by  the  railroads. 

The    elimination    of    waste    which    is    prevalent    in    all 
of  American  life. 
The   Future. — It  is  not  beyond  belief  that  within  50  years 
there  will  1  people   in  the  United  States.     They 

can  be  well  cared  for  if  every  one  will  co-operate  and  work. 
Vital  to  their  well-being,  however,  will  be  an  adequate 
ortation  machine  Today,  the  country  has  one  made 
up  of  the  railroads,  seaways,  waterways,  highways,  and  motor 
trans;  nting  great  values,  possibly  $60,000,000,000, 

or  next  to  agriculture  as  an  element  of  national  wealth.  Of 
■  m,  on  any  fair  basis  of  allow- 
ance for  good  will,  strategic  position,  experienced  organiza- 
tion, and  all  the  elements  that  enter  into  values  of  other 
classes  of  property,  is  probably  worth  J25.000.000.000.     When 

-•d  Jan    13  in  the  American  Society  of 
mpnaium  on  Rallrv. .  .'Ion. 


there  are  250,000,000  people,  a  ton-mileage  of  even  3,000  per 

annum  instead  of  the  present   4. to  give  them  as  good  a 

living  as  is  being  furnished  today,  will  mean  the  movement  Of 
750,000,000,000  ton-miles  per  >ear  plus  the  added  passenger 
travel— double  that  now   provided. 

Thus,  the  present  great  transportation  machine  must  be 
enormously  added  to,  possibly  doubled,  not  in  mileage,  but 
in  capacity  and  co-ordinated  with  other  forms  of  transpor- 
tation. Great  sums  of  n.w  capital  must  be  obtained,  prob- 
ably more  than  $2.".. I, .md  this  can  only  be  obtained 

if  there  is  safet]  for  the  principal  and  a  fair  annual  return. 
The  engineer  is  particularly  interested  in  having  this  work  go 
on.  because  of  the  important  part  he  will  play  in  it,  as  well 
as  in  the  development  of  economies  in  the  existing  system. 

The  country  and  the  world  are  somewhat  in  the  "dumps," 
but  times  will  change  and  conditions  will  be  better.  The 
writer  believes  that  the  United  states  is  on  the  threshold 
of  the  most  glorious  period  in  it<  history,  and  that  Americans 
can  take  a  place  in  the  history  of  nations  never  before 
achieved  if  they  will  only  think  right,  work  hard,  and  use 
carefully  their  great  powers  and  resources;  and  the  trans- 
portation machine  .--hould  at  all  times  be  kept  adequate  to 
the  growing  needs  of  the  country. 

The  Engineer  and  Social  Progress. — The  railroad  system 
of  the  country  has  been  and  is  a  great  engine  for  advancing 
civilization.  The  engineer  has  played  a  most  important  part 
in  creating  and  operating  this  engine.  With  the  great  devel- 
opment in  the  United  States,  however,  and  the  crowding  of 
people  into  cities,  have  come  perplexing  social  problems 
which  must  be  attacked  and  solved  if  the  country  is  to 
achieve  its  highest  destiny.     Seme  of  these  are: 

ta).-Better  Use  and  Conservation  of  Natural  Forces  and 
Resources. — Nature  has  been  generous  to  the  United  States 
and  the  people  have  not  been  obliged  to  save  in  the  past  as 
much  as  tney  must  in  the  future  The  engineer,  by  perfecting 
the  processes  for  developing  and  conserving  resources  can 
help  to  bring  about  better  living  conditions  and  promote 
national  health  and  national  safety.  Think  of  the  possible 
development  in  the  next  fifty  years  along  the  lines  of  fuel 
conservation,  use  of  cheaper  forms  of  coal  for  power,  water- 
power  development,  control  of  the  flood  waters  in  valleys 
and  control  of  water  in  the  mountains  for  irrigation.  The 
better  use  of  natural  forces  and  the  elimination  of  waste  in 
use  of  natural  resources  are  most  important. 

(b).— Decentralization  of  Population.— In  1880,  14.35S.167 
people  lived  in  cities  and  towns  and  35,797.616  in  the  country. 
In  1920.  this  had  changed  to  54,304,603  for  cities  and  towns 
and  51.406,017  in  the  country. 

Cheaper  fuels  and  wider  distribution  of  power  will  permit 
a  wider  use  of  mechanical  devices  on  the  farm,  in  the  small 
home,  and  in  the  small  factory,  and  by  increasing  comfort 
and  convenience  in  the  country,  check  the  drift  to  the  city, 
(c). — Better  Rewards  for  the  Farmer. — The  cost  of  living 
can  be  reduced  if  there  is  a  national  policy  leading  to  the 
better  use  of  resources,  and  more  people  willing  to  pro- 
duce food. 

Agricultural  and  farm  life,  however,  must  offer  attractions 
and  rewards  to  the  young  people  equal  to  what  they  think 
can  be  obtained  in  the  cities. 

id). — The  Relation  of  Labor  and  Capital. — The  distribution 
of  the  annual  increment  of  wealth  in  the  country  very  prop- 
erly is  a  subject  that  engages  the  attention  of  every  one. 
Each  one  naturally  desires  to  obtain  all  he  can  consistent 
with  regard  to  others.  Out  of  this  natural  effort  great  organ- 
izations of  labor  and  of  capital  have  developed.  Such  organi- 
zations are  all  right  if  wisely  and  honestly  directed.  Labor 
unions  are  all  right  when  they  are  so  conducted  that  waste 
is  eliminated  and  they  are  an  efficient  and  economical  instru- 
ment of  society  as  a  whole.  When  they  cease  to  be  that, 
their  usefulness  is  gone  and  society  will  get  rid  of  them. 
There  is  a  place  in  this  country  for  wisely  directed  labor 
unions,  but  no  place  for  labor  tyranny. 

Society  some  time  ago  discarded  the  club,  the  sword,  and 
the  pistol  as  weapons  for  the  settlement  of  personal  dis- 
putes. Society  Is  getting  ready  to  discard  the  strike  as  a 
weapon  for  settling  industrial  disputes,  because  It  is  inhuman 
and  uneconomical,  the  sooner  the  better  for  the  good  of  all. 
The  Engineer  as  a  Maker  of  Public  Opinion. — The  engineer 
is  of  gTeat  importance  because  of  his  technical  knowledge 
and  trained  mind.  He  Is  of  almost  greater  importance,  how- 
ever, as  a  citizen,  because  he  has  been  trained  to  be  accurate 
in  thought,  his  calculations  must  check  out,  or  he  fails.     He 
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can  be  of  great  value  in  working  out  some  of  these  social 
problems,  and  he  can  and  should  counteract  the  loose  think- 
ing and  talking  that  is  more  or  less  prevalent,  resulting  in 
the  advocacy  in  legislative  halls,  on  the  stumps,  and  in  par- 
lors, of  foolish  doctrines  that  never  have  worked  and  never 
will. 

The  majority  of  people  in  the  United  States,  as  individuals, 
are  sensible,  hard-working,  and  home-loving;  but,  collectively, 
they  are  sometimes  led  astray  through  lack  of  accurate  in- 
formation and  clear  thinking.  The  World  War  developed  a 
spirit  of  extravagance  and  unrest,  and  there  is  a  noisy  mi- 
nority doing  a  great  deal  of  talking  and  advocating  what,  for 
want  of  better  names,  are  known  as  Radicalism,  Socialism, 
Bolshevism  and  the  use  of  remedies  that  may  do  more  harm 
than  good.  The  engineer,  as  a  citizen,  can  use  his  trained 
mind  to  help  prevent  the  theorists  and  adventurers  from 
leading  the  country  astray  so  that  we  may  jump  out  of  the 
"frying-pan"  of  admittedly  difficult  conditions  into  the  "fire" 
of  much  worse  ones. 

The  engineer,  accustomed  to  basing  conclusions  on  accu- 
rate facts,  can  help  create  a  public  opinion:  That  an  ade- 
quate transportation  machine  is  a  necessity;  that  it  cannot 
be  had  without  paying  for  it;  that  the  present  railroad 
system  was  developed  by  giving  the  initiative  of  the  Amer- 
ican man  some  chance  to  work  and  to  obtain  rewards;  and 
that  better  results  can  be  obtained  in  the  future  if  that 
initiative  is  allowed  once  more  to  be  used  without  all  the 
hampering  and  restrictive  laws  of  nation  and  states  that 
have  been  put  on  the  statute  books  in  the  last  25  years. 

Railroads  are  common  carriers  of  people  and  property;  they 
are  not  common  carriers  of  all  the  economic  troubles  of  the 
country.  These  cannot  be  cured  by  reducing  rates,  by  ruin- 
ing the  railroads,  and  perhaps  forcing  Government  ownership 
to  which  this  country  is  opposed.  Give  brains,  courage,  and 
management  a  chance  once  more.  Declare  a  10-year  holiday 
In  the  ceaseless  investigation  of  the  transportation  question, 
and  let  the  undivided  attention  and  energy  of  owners,  man- 
agers and  employees  be  devoted  to  maintaining,  operating 
and  perfecting  this  engine  of  civilization — the  wonderful  rail- 
road system  of  the  United  States. 


The  Engineer  as  a  Salesman 

The  engineer  is  making  good  as  a  salesman,  according  to 
The  Industrial  Digest,  which  quotes  George  B.  Pegram,  Dean 
of  the  Engineering  Schools  of  Columbia  University,  as  fol- 
lows : 

"From  conversations  with  employers,  and  from  a  general 
discussion  of  the  subject,  I  am  convinced  that  there  is  a 
greater  demand  now  than  formerly  for  men  with  engineering 
training  in  the  sales  department.  I  have  no  statistics  upon 
which  to  base  this  opinion,  but  I  believe  it  to  be  true.  Busi- 
ness has  developed  in  such  a  manner  that  technical  training 
is  absolutely  necessary  to  a  man  who  wants  to  sell  certain 
kinds  of  goods. 

"For  instance,  it  is  hard  to  see  how  the  General  Electric 
Co.  could  sell  its  goods  at  all  without  the  aid  of  men  with 
technical  knowledge.  The  same  is  true  of  all  concerns  which 
deal  in  machinery*-  A  man  buys  a  machine  because  he  thinks 
it  will  be  the  most  economical  means  of  obtaining  the  re- 
sults he  wants.  Since  the  determination  of  the  most  eco- 
nomical methods  of  obtaining  a  given  result  is  an  engineering 
problem,  it  is  natural  that  engineers  are  well  equipped  to 
sell  goods  that  are  bought  on  that  basis." 

Dean  Pegram  was  asked  if  he  thought  that  an  engineer 
loses  any  of  his  professional  standing  when  he  becomes  a 
salesman. 

"No.  Selling  is  just  as  professional  as  any  other  branch 
of  engineering,"  he  replied.  "Salesmanship  is  a  field  in  which 
a  man  can  display  all  the  high  qualities  of  an  engineer.  A 
good  engineer-salesman  will  co-operate  with  his  customers 
and  not  try  to  put  something  over  on  them.  He  will  sell  them 
the  goods  they  really  need,  instead  of  unloading  his  inferior 
stocks  on  them.  And,  as  business  is  done  today,  there  is 
room  for  such  a  man  to  succeed." 

The  best  field  for  the  technically  trained  salesman  is,  of 
course,  a  field  in  which  the  product  is  used  by  other  technical 
men  for  technical  purposes.  An  engineer  is  naturally  adapted 
to  sell  such  things  as  electrical  goods,  machinery,  chemicals, 
and  steel  products.  But  this  new  type  of  salesman  is  not 
confined  to  these  lines.  He  is  appearing  in  all  trades:  selling 
stocks,  office  specialties,  and  even  ladies'  waists. 


Moving  Steam  Shovel  in   Flooded 
Gravel  Pit 

A  gravel  pit  on  the  banks  of  the  Nueces  River  In  Texas 
which  was  being  worked  by  a  model  So  .Marion  shovel  with 
S^i-yd.  dipper  was  flooded  by  high  water  in  the  river.  As  a 
result  the  shovel  was  standing  in  :;  to  4  ft.  of  water.  How 
the  shovel  was  moved  to  the  south  side  of  the  pit  which  was 
somewhat  higher  is  told  in  the  May  Excavating  Engineer. 
The  machine  was,  of  course,  standing  on  its  own  independent 
track  sections  parallel  to  the  loading  track  with  25  ft.  from 
the  center  of  the  shovel  track  to  the  center  of  the  loading 
track. 

The  lirst  move  was  to  disconnect  the  loading  track  about 
*;  ft.  behind  the  shovel.  This  track  was  then  thrown  over 
and  connected  with  the  shovel  track.  Key  ties  and  rail  chairs 
were  used  to  make  the  connection  with  two  short  pieces  of 
rail  cut  to  the  desired  length.  The  first  problem  was  to  get 
the  track  in  line.  In  order  to  do  this,  bars  were  driven  into 
the  ground  marking  the  direction  of  the  track. 

The  shovel  was  then  moved  back  slowly  under  its  own 
power.  About  60  ft.  had  been  covered  when  the  rear  truck 
left  the  rails.  The  ties  at  this  point  were  so  far  apart  that 
one  pair  of  wheels  went  down  between  the  ties.  It  was  then 
necessary  to  lace  ties  in  between  the  wider  spaced  ties  in 
order  to  make  a  flooring  and  to  bring  the  wheels  up  to  where 
a  frog  could  be  set.  The  frogs  were  then  set  and  spiked 
down  and  the  shovel  re-railed  at  the  first  pull.  It  should  be 
noted  that  this  was  all  accomplished  under  water  and  had  to 
be  done  entirely  by  feeling,  as  the  water  was  very  muddy 
from  being  stirred  up  by  the  men  working  in  it. 

After  the  machine  was  re-railed  it  was  taken  back  under 
its  own  power  a  distance  of  1,000  ft.  through  water  which  in 
places  ran  up  to  4  ft.  in  depth,  and  cut  in  on  dry  ground. 
It  is  now  again  in  steady  operation. 


Growth  of  Heavy  Electric  Traction 

In  connection  with  its  report  presented  at  the  last  annual 
convention  of  the  American  Electric  Railway  Association,  the 
Committee  on  Heavy  Electric  Traction  submitted  the  accom- 
panying chart  to  show  the  growth  of  steam  railroad  mileage 


Steam    Railroad    Mileage    Electrified    and    Electric    Locomotive 
Tonnage. 

electrified  and  electrified  locomotive  tonnage  in  heavy  trac-» 
tion  service  in  the  United  States  and  Canada.  It  will  be 
noted  from  the  diagram  that  the  electrified  track  mileage 
and  locomotive  tonnage  has  increased  at  an  approximately 
constant  rate  from  1905  to  the  present  time,  and  that  in  1921 
there  was  something  more  than  2,000  miles  of  electrified 
track  and  over  52,000  tons  of  locomotives  in  service. 


Progress  on  Shandoken  Tunnel,  New  York. — During  the 
year,  May  1,  1921,  to  May  1,  1922,  the  average  weekly  progress 
of  excavation  on  the  Shandoken  tunnel  of  the  Catskill  water 
supply  of  New  York  City,  was  92.8  ft.  The  total  excavation 
during  the  year  was  56,052  ft.  The  tunnel  is  being  driven 
from  12  headings. 
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Instruction  of  Students  in  the  Use  of 

Technical  Literature;  an  Unexploited 

Phase  of  Engineering  Education* 

HV    i:     II      Mcl'I.KI.I.A 

Though   the  real   vain. 

.    rei  ognltion,   there   la   ■        ■■■  e  ol 

"  ""' 
tati .!  thai    m  ■ 
ad  crowded  hotels  the  one  phv 

welcome  is  the  public  libi  continuing 

.  :■..  the  Bame  writi  r  s.i>s  thai  "The 

•  M  da]    Investigator   upon   Instltui  onal   lit 

Never  in  the  historj 
when   BClentlflc   Investigation   was    pursued 
:  jge   manufa 
ti  a!  on  ■<  Ri  rtment  or  Depart- 

nl<  a]   Control,   or  whatever   11    maj    be   i 
We   bear  and   read  eveiywhen  problems  and 

b   methods  and   there   is   much  ence   that 

h   In   Am- Ti.  a   is  begli  i  tentlon 

it   bo  richlj    merits;   but  anj  cted  research 

ccount  1  'i   Hi"  available  Information  on 

■    and  no  original  research  can  bi    judiciously  con- 
untll  cognizance  is  taken  ol  *  '   the  art  as 

g  literature.    Thif 

;      •,  .1.     I  :ut   research 

[g  ,,„; .  conl  hi  with  technical 

literature  is  essential,  and  modern  Industrial  progress  is  so 
rapid  that  the  engineer  who  tails  to  keep  In  touch  with  the 
current  literature  in  his  field  is  in  danger  of  falling  behind 
rocession. 
It   may    he   assumed,   however,    that    with    this   audience   I 
not  undertake  to  establish  mei  oeerlng  liter- 

ature  or   the   importance   of   using   it.     Those   points    I   think 
d  and  we  are  concerned  chiefly  with  the  problem 
tting   the   student — the   tut  r— to  realize   the 

and  the  potential  value  of  the  printed  resources 
at   his  command  today. 

Id  the  utilization  of  technical  literature  las  in  many  other 
within    the    stud.'  there    is    no    royal 

road  to  proficiency.    The  way  to  acquire  proficiency  in  read- 
foreign  language  is  to  read  cotiiou"  1> .  and  the  way  to 
i    swimmer,    or    a    crack    marksman    is    to 
practice  faithfully.     Swimming  ag  usually  require 

no  artificial  Incentive  to  practice,  but  in  promoting  the  study 
-liieering   literature    we   find   an   obstacle    in   the   rather 
rious   condition  that  the  average  student  is  not  easily 
rted    until    he    has    acquired   some    proficiency;    while, 
on    the    ciher    band,    be    cannot    possibly    attain    proficiency 
iderable  practice.    This  means  that  if  the  student 
be  properly  trained   in   the  use  of  technical  literature, 
the  burden  of  responsibility  for  this  training  must  be  placed 
me  one  else,  and   the  task   is  not  an  easy  one.     It  de- 
mands one  of  two  things  (li  eternal  vigilance  in  holding  the 
■t  to  an  undertaking  which  he  is   Inclined  to  consider 
rather  irksome,  or  (2)   considerable  Ingenultj    In  developing 
-ling  and  attractive   features  so  that  the  subject  may 
!   more  strongly  than   it  does    I  rage   student 

■ 

•  ■tie   reason    for   the    averaf.-.     Btudent's    apathetic 
atlitu  :  his    failure   to 

mportance,  maj   be  found  In  thi    tacl  thai  usually 

the   wort   Is  n"i  dignified  by  any  definite   place  In  the  cur- 

i      When  time   is  given   for  this  work  it  is  frequently 

in  substitution  tor  a  class-room  nr  laboratory  period  -appar- 

liiiil  tin    BtU  m  ,  ring  liter- 

i ailed    in   the 

curriculum,   bo  that   tl  mderstand   it 

part  of  hi  i    it  in  these 

r  his  regard- 
ing it  lightly 

Apropos  of  the  a]  vpe  of  schol- 

arly  reaaearch   worker,   something   i  utten  to  the 

I  :■    <if   our   t.  dents   are   of 


nergetic  type,  eager  tor  results  and  attracted  by 

pectacular   undertakings    students    with    no    in- 

tentlon  ol  plodding  and  with  little  patience  for  great  detail, 

go  thai   ilie>   do  nol   readily  settle  Into  the  restraints  ol   re 

wort,     Vim  wlm  are  engaged   In  technical  education 

n  ill.  ol  this  opinion  is  coi 

the  though!  th  ti  thi  impetuous  type  of  student 
w in  be  quite  prone  to  think  of  work  with  engineering  liter- 
ature as  a  mere  delving  Into  must)   books,  and  to  be  char- 

d   as    .  I',  in   :     i  ■  il  Ing.       I    think    his    view  s 

in^in   be  modified  if  be  could   visualize  technical  literature 

a-  a  live  and  growing  thing,  and  il  be  could  have  some  con- 
ception  of  the  number  of,  and  l ol      omi    of  the 

mi  engineers  who  todaj  are  achieving  a  large  mi 
■  I  their  Buccess  through  alerl  and  Intelligenl   u  e  ol   patents, 
reports,    and   technical    and    trade    journals.      I 
think   he   would   view    the   mattei    from   a   slightly   different 
angle   If  be  could   look   through    the   'urn    ,  n  s   of 

a  large  technical  library  ami  ri  •    I"   ol  engineer  who 

is  demanding  help  from   the  available   literature,     it  would 
help  him  if  he  were  to  ponder  a  little  on  the  fact  that  the 
engineering  literature  which  hi    may  be  inclined  to  despl 
the  work  of  notable  engineers,  just   as  much  as  is  the  bridge 
or   the   tunnel   which   he  adn    n         Pittsburgh    is   noted   for 

Ineers,  and  some  of  oui  good  book   are  by  Pitta- 

technical    mi  n    whom    the    Btudenl    In    i'ittsburgh 

knows  by  reputation,  al  least      Probably  □ nly  the  student 

but  the  average  professional  engineer  In  Pittsburgh  would 
be  surprised  to  know  to  what  exti  ol  technical  literature  has 
been  enriched  bj  our  m    i  and  teiimiiai  men. 

Another   probable   reason    for   the   indifference   of   the   stu- 
dent is  ignorance  of  method;  that  is,  he  may  have  no  knowl- 

i  all  of  how  to  use  library  catalogues  and  indexes,  or 
of  how  to  use  books  properlj  when  they  are  set  before  him. 
In  his  earl]  attempts  t"  use  a  library,  therefore,  he  will  prob- 
ably fail  to  find  exactly  what  he  wants;  but  he  should  not 
become  discouraged  and  blame  the  library.  No  one  should 
expect  to  turn  out  perfect  work  the  first  time  he  tries  to  use 
drawing  instruments  or  wood-working  tools,  especially  if  he 
lie  given  no  instruction  regarding  the  purposes  of  the  various 
tools,  and  the  best  methods  of  manipulation;  but  bunks  and 
indexes  are  tools,  also,  and  proficiency  in  their  use  dm 

n  by  intuition.  The  departments  of  chemistry  in  a  num- 
ber of  colleges  and  universtlte  have  given  considerable  at- 
tention to  courses  in  the  use  of  chemical  literature;  but 
parallel  courses  in  the  use  of  engineering  literature  are  even- 
more  urgently  needed,  since  the  literature  of  chemistry  (by  rea- 
son of  its  multiplicity  of  compendious  reference  works,  its  vari- 
ous abstracts  of  comprehensive  scope,  and  its  Incomparably 
greater  wealth  of  bibliography  in  general  l  is  much  more 
readily  accessible  to  the  worker  than  is  the  literature  of 
engineering. 

One  way  in  which  students  are  frequently  brought  in  touch 
with  scientific  and  technical  literature  is  for  the  instructor  or 
the  librarian  to  select  lists  of  bunks  mi  various  topics,  place 
these  on  designated  shelves  or  tables  and  reserve  them  tor 
student  use  during  limited  periods.  This  has  been  done  on  a 
rather  large  scale  here  in  Pittsburgh  for  15  years  or  more; 
but  this  is  the  mere  beginning — the  very  first  step,  and  not  a 
highly  important  one— in  any  scheme  for  Imparting  to  the 
student  any  real  and  lasting  knowledge  of  technical  litei  aturi 
This  scheme  is  admirable  for  the  student's  convenience  in 
obtaining   information   on  particular   subject;    hut 

practically  valueless  for  enabling  him  in  obtain  Inform 
mi   ;in\    other  subject     When   the   volumes  aro  removed   al 

ni  of  a  two  w eei.-'  pi I'de.  it   is  extremely 

doubtful  if  the  average  Btudenl  .mild  tea  emble  the  ref- 
erence by  looking  up  the  material  for  himself.  This  must 
n-ii  in  construed  as  condemnation  of  ibis  practice.  The  pro- 
cedure is  a  good  one  for  the  ,  blch  it  is  primarily 
designed  to  serve.  It  pul  lenl  in  touch  with 
tain  amount  of  selected  literature,  but  it  generally  fails  fo  aid 
him  in  further  selection. 

The  remedy,  of  emir  i  the  student 

finding   his  own   references,  and   this  means  that   he  must  ac- 
ome  facility   in   the   ui  e   ol  talogues,   ami 

bibllOj  I   nowledge    is    Of   two   kinds     that    which    »e 

and    that    which    we    can    liiul;    the    latter    is    aim 

,    .mil  iis  quantit]    is  Inflnltelj    greater. 
in  training    tudenl     In  the  i  lective  use  of  technical  liter- 
atun  ts  mainlj    with  tho  faculty,  and  one 
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of  the  desiderata  is  that  Instructors  shall  have  a  talr  know] 
edge  of  library  methods  and  a  thorough  realization  of  the 
Importance  of  citing  references  with  such  fullness  and  ac- 
curacy that  there  may  be  no  difficulty  in  Identifying  them. 
A  frequenl  but  disheartening  experience  In  libraries  is  that 
of  trying  to  help  the  inquirer  who  brings  m  some  such  refer- 
ence as  "Government  Bulletin  25"-  a  reference,  which,  of 
i,  is  Impossible  ol  Identification  without  a  knowledge 
of  the  bureau  or  department  which  issued  it.  The  avoid 
ance  of  such  ambiguity  is  highly  important  when  initiating 
a  Btudent  into  the  technique  of  library  methods 

In  some  colleges,  very  good  work  is  done  In  seminars  or 
assemblies  ol  Borne  sort  in  which  the  Instructor  and  the  stu- 
dents devote  an  occasional  session  to  the  consideration  of 
technical  literature.  This  has  been  done  most  frequently 
with  classes  in  pure  science,  but  there  is  a  growing  tendency 
to  extend  the  practice  to  engineering  classes.  In  one  west 
ern  universitj  which  for  a  number  of  years  has  featured 
weekly  sessions  in  a  course  of  this  kind,  it  is  said  that  gradu- 
ating classes  have  been  unanimously  of  the  opinion  that,  for 
the  time  spent  on  it,  this  course  exceeds  in  value  anything 
else  in  the  curriculum.  This  gives  evidence  of  a  most  suc- 
cessful course,  and  doubtless  excellent  results  would  be  found 
elsewhere  if  we  were  to  make  a  survey  of  the  work  done  in 
various  institutions. 

I  have  very  superficial  knowledge  of  the  seminar  methods 
employed  in  different  colleges,  but.  apparently,  attention  is 
given  chiefly  to  new  books  and  to  selected  lists  of  current 
magazines — presumably  those  selected  by  instructors.  This 
work  is  highly  commendable,  but  there  seems  to  be  little  evi- 
dence that  it  is  suplemented  by  instruction  which  will  en- 
able the  student,  when  thrown  on  his  own  resources.  (1)  to 
keep  informed  regarding  new  books;  (2)  to  pick  out  those 
which  are  of  greatest  value;  (3)  to  recognize  and  interpret 
reference  books  so  as  to  approach  them  with  some  degree  of 
assurance;  (41  to  select  the  best  magazines  in  special  fields; 
(5)  to  survey  periodical  literature  speedily  by  means  of  in- 
dexes, abstracts,  etc.;  (6)  to  make  proper  use  of  the  con- 
stantly increasing  mass  of  official  literature,  issued  by  fed- 
eral and  state  government  agencies — in  short,  to  keep  effec- 
tively in  touch  with  what  a  former  professor  in  one  of  our 
engineering  schools  has  aptly  characterized  as  "printed  en- 
gineering resources."* 

The  young  engineer  should  not  only  be  trained  in  evalua- 
tion of  the  books  to  which  he  has  access;  he  should  be  in- 
structed as  to  the  sources  of  information  regarding  books 
not  available  for  examination.  I  know  a  young  mining  en- 
gineer who  ordered,  merely  from  the  publisher's  announce- 
ment, a  large  and  expensive  set  of  volumes  which  he  ex- 
pected to  be  of  special  service  to  him.  On  arrival  of  the 
books,  however,  he  found  that,  though  concerned  with  miner- 
als, they  were  of  no  direct  value  to  him  as  they  were  written 
wholly  from  the  viewpoint  of  the  chemist.  This  rather  costly 
experiment  in  book  selection  might  have  been  avoided  had 
he  consulted  the  numerous  reviews  available. 

Dependable  book  reviews  constitute  the  best  single  source 
of  information  regarding  the  character  of  new  books,  and 
engineers  might  profitably  devote  more  attention  to  the  re- 
views in  journals  covering  various  branches  of  engineering. 
Libraries  which  are  concerned  with  careful  book  selection 
depend  to  a  considerable  extent  on  book  reviews,  and  the 
Carnegie  Library  of  Pittsburgh  has  probably  gone  further 
than  any  other  library  in  using  and  recording  these  reviews. 
For  many  years  abstracts  of  reviews  have  been  filed  in  a 
card-index  and  since  1917  a  record  of  the  reviews  in  numerous 
scientific  and  technical  journals  has  been  published  quarterly 
under  the  title  "Technical  Book  Review  Index."  This  In- 
dex, which  is  the  only  publication  in  the  world  devoted  to 
recording  reviews  of  scientific  and  technical  books,  includes 
from  4,000  to  5,000  references  annually,  and  is  the  most  com- 
prehensive existing  guide  to  the  evaluation  of  new  technical 
books. 

Modern  progress  is  so  rapid,  however,  that  in  certain  fields 
books  are  in  some  degree  obsolete  when  published;  thus  the 
engineer  who  would  keep  thoroughly  up  to  date  must  de- 
pend largely  on  current  periodicals  and  serials.  These  are 
now  so  numerous  that  the  busy  engineer  cannot  afford  the 
time  necessary  for  examining  any  large  part  of  them  at  first 
hand,   so  he  must  have   recourse   to   indexes   and   abstracts. 

•J.  Martin  Telleen.  in  Bulletin  of  the  Society  for  the  Promotion 
of  Engineering  Education,  Nov.,  1914.  pp.  1S-27. 


Familiarity  with  these  i>  probably  besi  acquired  through  in- 
sist, •in,,  on  bibliographic  work. 

The  making  of  bibliographies  is  one  of  the  most  helpful 
forms  of  training;  provided  that  the  training  be  Judiciously 
given.  With  good  library  facilities  any  college  student 
should  be  able  to  make  a  brief  and  intelligible  list  of  i 
ences  on  any  important  engineering  topic,  bul  it  scarcely 
serves  the  purpose  if  he  merely  copies  titles  from  some  in- 
dex. He  should  be  taught  to  verify  the  references,  amplify 
the  titles  when  necessary,  and  evaluate  the  article's  where 
possible — in  short,  to  enable  the  user  of  bis  bibliography  to 
determine  definitely  the  scope  and  nature  of  each  article 
and  whether  it  will  justify  the  time  spent  in  examinat  oi 
Reams  might  be  written  on  bibliographic  method,  but  the 
last  sentence  above  constitutes  the  basis  of  good  work. 

Going  a  step  beyond  bibliography  we  have  abstracting, 
and  students  should  be  taught  to  abstract,  digest,  or  sum- 
marize technical  papers.  Hundreds  of  scientists  through  the 
United  States  are  regularly  examining  current  literature 
and  preparing  digests  for  various  abstract  journals.  Bibliog- 
raphies and  indexes  are  the  keys  to  the  rich  storehouse  of 
technical  literature,  but  abstract  journals  are  the  master- 
keys.  Many  of  the  important  scientific  and  technical  socie- 
ties now  require  every  author  to  submit  a  satisfactory  ab- 
stract of  his  paper,  and  it  is  desirable  that  every  engineering 
student  should  have  some  training  in  this  kind  of  work. 

Alter  the  student  has  some  conception  of  the  nature  of  in- 
dexes, abstracts,  bibliographies,  etc.,  and  some  operating 
knowledge  of  these  useful  tools,  one  of  the  most  potent  fac- 
tors in  stimulating  the  study  of  technical  literature,  will  be 
a  class  discussion  (quiz,  or  round  table,  or  whatever  it  may- 
be called).  In  this  discussion  the  instructor  should  verify 
the  students'  researches.  This  need  not  be  a  laborious  matter. 
For  example,  either  the  instructor  or  the  librarian  may  re- 
fer a  student  to  indexes  where  he  will  find  references  on  irri- 
gation, but  it  remains  for  the  instructor  to  determine  how 
intelligently  these  indexes  have  been  used.  When  the  stu- 
dent reports  his  references,  ask  where  he  got  them.  Prob- 
ably he  will  not  know.  Next  time  he  will  probably  know 
that  he  got  them  from  the  "Engineering  Index,"  for  exam- 
ple, but  he  may  not  know  anything  about  the  index  or  its 
scope  and  functions — that  it  appears  monthly,  cumulates 
annually  and  is  a  valuable  adjunct  to  the  private  engineer- 
ing library. 

The  student  should  really  Tje  receiving  a  course  in  the 
manipulation  of  literary  tools.  It  is  what  may  be  called  an 
"operating"  course,  and  his  output  should  be  judged  not 
alone  by  the  standard  of  quantity,  but  should  be  inspected  for 
quality.  For  example,  if  he  submits  twenty  references  on 
a  particular  subject,  it  must  be  determined  whether  they 
are  accurate  and  whether  they  are  especially  applicable; 
that  is.  would  they  give  a  practicing  engineer  helpful  infor- 
mation on  the  subject  under  consideration.  The  mass  of 
engineering  literature  is  so  enormous  that  the  mere  finding 
of  references  does  not  suffice;  they  must  be  the  best  ref- 
erences. 

A  little  insistence  on  care  and  observation  will  go  far  to 
enhance  the  value  of  the  work,  and  students  may  soon  be 
brought  to  see  that  books  may  be  identified  by  their  authors, 
titles,  publishers,  dates  and  editions;  and  magazine  articles 
by  the  titles,  dates,  volumes  and  pages  of  the  magazines; 
and  that  this  indentification  may  be  just  as  definite  and  ac- 
curate as  the  botanist's  classification  of  plants.  For  the  stu- 
dent to  state  that  he  found  his  information  in  a  "little,  thin, 
green  book"  is  as  ridiculous  and  unscientific  as  for  an  engi- 
neer to  specify  "metal  rods  about  as  thick  as  a  man's 
thumb." 

Students  will  go  to  the  literature  if  there  is  sufficient  in- 
centive. There  is  one  power-plant  in  the  Pittsburgh  district 
which  engineering  students  are  frequently  required  to  visit 
and  describe.  An  excellent  description  appears  in  one  of 
our  technical  journals,  and  one  copy  of  this  has  been  cut  out 
and  a  second  one  worn  to  shreds.  Fortunately  we  have  been 
able  to  secure  extra  copies  and  we  now  try  to  avoid  giving 
out  our  bound  volumes  for  this  particular  problem.  The 
case  is  mentioned  here  to  show  that  a  student  will  use  the 
literature  if  convinced  that  it  will  really  help  him  in  his  re- 
quired work. 

One  incentive  to  study  would  be  to  let  the  student  see  that 
this  study  may  be  made  a  revenue  producer.  It  can  hardly 
compete   with   the   war-time    possibility   of    spending   a   half 
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holiday  in  some  industrial  plant  and  |  "■   ''""  it; 

but   the    careful    student    who   will   act  llKs    of 

bibliographic  work  and  abstracting  .-!  market 

the   product   of  his   span  --turn-    work.  possible, 

,.  n  todaj   .i  well-digi  J    "f  t*16 

ire    on    heating-furnace    design  working    of 

lectric   insulation.      In   ■    I  trial    region 

there   are   likely   to   be  many    technical  under 

and  the  close  contact  between  Instt  i  d  Indo 

hould  enable  the  Insti  ■  tonally 

qualified   student   some   suggestion   as    I  ■  "    which 

bibliographies  might  be  welcomed 
With  many  students  the  appeal  will  bi  ■■■■   If  the  as- 

problenis  have  a  commercial  or  ■  trial  trend.  Set 
a  student  to  determine  what  companli  tun    lathes, 

or  locomotives;  in  what  part  a  the  plants?; 

what  are  some  of  the  largest  compai  "at   is   their 

organisation?    Who  is  the  president  oi 

b?  What  journals  would  offer  tl  most  fertile  held 
for  advertising  their  product'.',  and  what  kind  of  trade  litera- 
ture (catalogues,  bouse-oi  1<  Not  all 
this  Information  can  be  found  r.  I  retarding 
smaller  companies  is  particularly  elusive  but  the  search  for 
information  of  this  nature  will  properly  call  into  use  a  set 
of  tools  and  aids  entirely  different  from  those  used  in  obtain- 
ing information  on  engineering  or  purely  scientific  topics. 
This  sort  of  problem  in  some  form  comes  to  libraries  almost 
daily.  Very  recently  a  young  engineer,  whom  I  had  pre- 
viously known  only  by  mail,  spent  several  hours  in  the  Car- 
negie Library  of  Pittsburgh,  his  purpose  being  to  get  in- 
formation on  a  large  western  company  which  had  offered 
him  a  position. 

1  problem  would  be  to  have  a  student  im- 
agine himself  ordered  to  a  foreign  country  (remote  from 
libraries  and  book-stores)  under  Instructions  to  assemble  and 
take  with  him  a  good  working  library  for  a  chemical  labora- 
tory or  a  civil  engineer's  office,  for  example.  During  the 
present  year  we  have  helped  two  men  in  just  this  emergency, 
and  with  little  time  to  act.  Books  and  magazines  are  com- 
ing to  be  considered  among  the  regular  "tools"  of  an  engi- 
g  or  industrial  works,  and  the  engineer  of  tomorrow 
who  has  some  knowledge  of  how  to  discover  and  evaluate 
technical  literature  is  very  likely  to  find  that  this  knowledge 
constitutes  a  valuable  asset. 

With   a  general   class   in   engineering,   it    would   seem   that 
an  interesting  session  might  be  held  occasionally  with  noth- 
ing  but  a   copy   of   an   engineering   or   technical    index.     By 
merely  going  over  the   titles   with   the  students,   it  is  incon- 
ceivable that  some   interest   should  not   be   aroused.     If  de- 
sired, an   interesting  general  drill  might  be  developed  here. 
Read  the  titles  of  some  rather  specialized  articles  and  have 
•  idents  indicate  the  branches  of  engineering  to  which 
they  belong  and  name  journals  in  which  they  might  logically 
appear.     Have   students   define   any   terms   not  general)'   un- 
od.     Probably  every  one  will  understand  "cantilever," 
but  the  electrical  student  may  have  to  define  "catenary"  for 
his  classmate  in  the  civil  course.     Probably  a  number  of  stu- 
A  ill  be  doubtful  about  "telpher"  and  a  larger  number 
about  "sonims."     An  occasional  "skimming"  of  one  of  these 
current  indexes  should  stimulate  knowledge  of  engineering 
nology    among    students — and    it    may    not    be    bad    for 
.-tructor — but  the   real   benefit,   of   course,   will   be   in 
giving  the  student  some  familiarity  with  thi    bi  ope  and  nature 
indexes;  for  any  course  designed  to  acquaint  students 
with  technical  literature  should  be  somewhat  less  concerned 
with  the  technical  information  acquired  than  with  the  sources 
w  inch  it  is  acquired. 
While  a  really  instructive  course  should  be  so  designed  that 
ork  will  be  based  largely  on  Indexi  nd  bib- 

■hles,  constant  use  of  these  may   result    in   monotony. 
Much  will  depend  on  the  personality  and  resourcefulness  of 
tructor  and  on  his  knowledge  of  the  subject,  but  there 
Infinite  variety  of  problems  whi<  h  resented. 

Regarding   books,  questions  such  as  the   following   may   be 
• 

In    what    essentials   do   reference    books    differ   from    text- 
•   impare  (not  merely  •  .  e  important 

ce  hand-book!  of  civil  engineering  in  usi    In  the  United 
'oday?     We   have  no   recent  textbooks  of  "civil  engi- 
neering"—why?    In  Borne  cases  the  n  rltish  book  is 
permissible;  In  other  cases  very  objectlona  1         have  you  any 


Idea  of  the  reasons  which  govern  this?  Can  you  name  one 
American  publisher  whom  you  can  confidently  recommend  for 
iii  textbooks  on  chemistry,  (2)  reference  books  and  text- 
books on  electrical  or  mechanical  engineering,  (8)  manuals  of 
machine-shop  practice,  (4)  practical  manuals  on  operation  of 
prime  movers  and  accessories''  If  a  new  book  is  handed  to 
you  can  you  tell  promptly.  (1)  whether  it  is  American  or 
British,  (2)  whether  it  has  appi  i  d  In  previous  editions,  and, 
if  so.  whether  the  present  edition  is  probably  very  different 
from  the  preceding?  (8)  How  would  you  proceed  to  get  a 
prompt  idea  of  the  scope  of  the  book.'  (4)  What  is  the  chief 
purpose  of  the  index  and  does  it  fully  serve  this  purpose?  (5) 
What  sources  can  you  suggest  in  an  attempt  to  find  out  some- 
thing about  the  author'.'  ii. i  \  the  illustrations  in  the  book 
apparently  the  best  kind  for  theii  purpose?  (7)  If  you  wanted 
similar  illustrations  for  an  advertising  booklet,  or  for  a  tech- 
nical paper  which  you  weri  to  a  technical  journal  or 
presenting  before  an  engineering  society,  what  kind  of  copy 
would  you  have  to  furnish?  Can  you  suggest  some  subjects 
on  which  illustrations  should  preferably  be  in  line  drawing, 
and  others  to  which  photi  aphic  reproductions  would  be 
adapted? 

The  instructor  can  supply  i  unlimited  number  of  questions 
similar  to    (or  better  than  i  ibove,   and    yet   confine  his 

i  lesson"  to  the  general  principles  which  should  be 
observed  in  any  consideration  of  technical  literature.  Later 
on,  when  the  young  engineer  finds  it  necessary  to  consult  or 
purchase  engineering  books,  he  will  find  that  some  grasp  of 
the   rudiments  of  book   >••.  ill   ably   supplement   his 

knowledge  of  the  subject  matter  of  the  books. 

The  few  questions  above  arc  concerned  solely  with  books, 
but  the  practice  should  be  extended  to  periodical  and  other 
literature.  The  questions  will  require  a  little  thought  and 
investigation  on  the  part  of  the  student  and  will  necessitate 
the  use  of  indexes,  thus  affording  some  desirable  familiarity 
with  these.  In  this  practice  work,  it  should  be  borne  in  mind 
that  the  student  will  profit  mainly  by  attention  to  the  method 
rather  than  the  result.  It  is  less  important  that  he  should 
assimilate  the  literature  available  on  a  problem  today  than 
that  he  should  acquire  a  working  knowledge  of  how  best  to 
approach  that  and  other  literature  in  future. 

The  minimum  requirements  for  the  student  who  expects  to 
do  effective  research  work  in  technical  literature  may  be 
briefly  summarized  as  follows: 

Books. — An  acquaintance  with  the  forms  and  use  of  the  sev- 
eral types  of  card  catalogues  found  in  public  and  institutional 
libraries  (thus  enabling  him  to  get  In  touch  with  all  books  in 
the  particular  library  to  wibch  he  has  access);  supplemented 
by  an  acquaintance  with  such  tools  as  the  book  publishers' 
trade  lists  used  by  libraries  and  book  dealers  (thus  enabling 
him  to  get  in  touch  with  all  bonks  published  on  any  subject); 
and  supplemented  further  by  some  knowledge  of  the  existence 
and  use  of  book  reviews  and  other  aids  in  book  selection 
(thus  assisting  him  in  evaluation  of  books  to  which  he  may 
not  have  access). 

Periodical  Literature. — An  acquaintance  with  the  scope  and 
functions  of  indexes  and  abstracts  concerned  with  current 
technical  literature  and  an  actual  working  knowledge  of  the 
more  important  of  these  (thus  enabling  him  to  get  in  touch 
with  recent  material  not  yet  incorporated  in  books,  as  well 
es  an  enormous  amount  of  older  material);  supplemented  by 
an  acquaintance  with  the  few  existing  guides  showing  what 
periodicals  are  published  on  any  subject  and  where  they  are 
published. 

I'.iidiographies. — A  recognition  of  the  value  of  bibliographies 
and  some  knowledge  of  how  to  find  them  (since  in  many  cases 
he  will  find  that  an  existing  bibliography  covers  all,  or  a 
large  part,  of  his  preliminary  search  by  assembling  refer- 
ences to  the  scattered  literature  in  books  and  magazines). 

A  student  may  appear  to  be  making  great  progress  with 
the  literature  which  the  Instructor  or  the  librarian  selects 
for  him;  just  as  an  untrained  manual-arts  student  may  get 
credit  for  constructing  a  fine  piece  of  cabinet  work,  when 
in  reality  his  Instructor  may  have  done  much  of  the  respon- 
sible work.  Either  of  thesi  tudents  is  likely  to  be  less 
well  equipped  for  future  work  than  the  student  who  has  stuck 
to  rudimentary  operations  and  practiced  diligently.  Regard- 
ing the  effectiveness  of  continuously  repeated  effort,  it  is  well 
to  bear  In  mind  the  Englishman's  statement — "It  isn't  the 
'eavy  'aulln'  as  'urts  the  'orses*  'oofs;  It's  the  'ammer,  'ammer, 
'ammer  on  the  'ard    ighway  ' 
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Method  of  Keeping  Railroad  Tracks  Clean 
at  Sand  Loading  Plant 

Derailment  of  cars  due  to  sand  spilling  over  the  loading 
tracks  in  sand  and  gravel  operations  is  not  uncommon.  An 
inexpensive  method  tor  keeping  tracks  clean,  used  at  the 
plant  of  the  Flint  Crushed  Gravel  Co.,  Des  Moines,  la.,  is 
described  as  follows  by  Rock  Products: 

On  either  loading  side  of  the  plant  is  a  narrow  concrete 
runway  which  drains  into  the  waste  water  pond  and  also  a 
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Concrete    Runway,    Loading    Tracks   and    Monitor. 

hydraulic  monitor.  As  a  car  of  sand  is  loaded  and  gravi- 
tated to  the  storage  yard  the  attendant  flushes  the  tracks 
clear  with  water  from  the  monitor.  The  water  and  sand  run 
into  the  concrete  runway  and  thence  to  the  waste  water 
pond.  This  method  keeps  the  loading  tracks  clear  at  all 
times  and  prevents  derailment  due  to  sand  lodging  on  the 
tracks. 


New    Subways    to    Cost    $218,000,000    Pro- 
posed for    New  York  City 

The  Transit  Commission  of  New  York  City,  on  Hay  11, 
announced  a  construction  program  calling  "for  the  building 
of  32%  miles  of  new  subways  at  an  estimated  cost  of  $218,- 
000,000.  Equipment  for  the  operation  of  these  lines  is  esti- 
mated at  $100,000,000  more.  Seven  new  routes  are  proposed; 
listed  in  the  order  which  the  Commission  believes  they  should 
be  put  under  construction,  they  are  as  follows: 

I.  The  extension  of  the  Corona  line,  in  North  Queens, 
from  Corona  to  Flushing;   estimated  cost,  $2,800,000. 

II.  The  extension  of  the  crosstown  subway  in  Forty-Second 
street,  .Manhattan,  with  moving  platform  equipment  con- 
necting with  each  of  the  present  and  future  north  and  south 
rapid  transit  lines,  both  subway  and  elevated;  estimated 
cost,  $6,000,000. 

III.  A  Staten  Island  Tunnel,  to  connect  with  the  Fourth 
Avenue  subway,  in  Brooklyn,  and  with  the  various  steam 
and  trolley  lines  in  Staten  Island;  estimated  cost,  $17,000,000. 

IV  An  extension  of  the  Broadway-Seventh  Avenue  line 
of  the  Brooklyn  Rapid  Transit  system,  from  Fifty-ninth  street, 
Manhattan,  under  Central  Park  West,  110th  street,  and  Sev- 
enth avenue  to  155th  street;   estimated  cost,  $26,500,000. 

V.  A  Brooklyn  crosstown  line  from  the  Queensborough 
Plaza  in  Long  Island  City  to  a  point  of  connection  with  the 
Brighton  Beach  line,  at  or  near  Franklin  avenue  and  Fulton 
street,  Brooklyn;   estimated  cost,  $24,000,000. 

VI.  A  new  subway  and  East  River  tunnel  to  connect  the 
Fulton  Street  elevated  line,  in  Brooklyn,  with  the  Broadway- 
Fourth  avenue  line  at  the  City  Hall  station  in  Manhattan; 
estimated  cost,  $28,000,000. 

VH  A  new  trunk  line  subway  to  run  from  downtown  Man- 
hattan to  Washington  Heights,  following,  in  the  main,  Eighth 
and  Amsterdam  avenues;   estimated  cost,  $69,500,000. 

The  several  new  routes  projected  will  add  the  following 
track  and  route  mileage  to  the  present  mileage  of  the  dual 
system:  Length  Length 

of  Route         of  Tracks 
No.     Classification.  in  Miles.  in  Miles. 

1.  Flushing  Extension   1.90  5.20 

2.  Forty-second  Street  Moving  Platform  Line.  2.00  4.00 

3.  'Staten   Island   Tunnel,    either  alternative..  3.20  6.40 


Central  Park  West   Si    i  nth  Av<     i:\iension  5.40  12  50 

Brooklyn    Crosstown    Line l»-60 

6.  Pulton   Street    Elevated   Extension    2.80  560 

7.  Eighth  Avenue-Amsterdam  Ave.    Line  ll.oo  38\00 

1       I    32Tii  8T20 

The  total  estimated  cost  of  the  construction  of  the  seven 
projects  in  view  is  in  round  numbers  $174,(mmi.ipmo.  with  the 
addition  to  this  figure  of  the  overhead  costs  of  administration 
and  engineering,  and  the  amounts  of  interest  on  the  funds 
employed,  paid  during  construction,  estimated  at  $44,000,000 
in  all,  the  total  cost  of  the  lines  will  be  $218,000,000. 


How  to  Socket  Wire  Rope 

Useful  instructions  for  preparing  the  socket  attachment 
for  wire  rope  were  given  by  Donald  J.  Baker  in  a  recent 
issue  of  Coal  Age.  Proceeding  in  accordance  with  them, 
according  to  Mr.  Baker,  permits  of  the  rope  being  used  to  a 
Cull  100  per  cent  of  its  capacity,  instead  of  only  70  per  cent, 
the  figure  that  has  long  been  accepted  as  safe  where  the 
strands  are  bent  back  on  the  socket  and  babbitt  metal  used 
as  the  filler.  The  four  stages  in  socketing  the  wire  rope  are 
shown  in  the  accompanying   illustration. 

Three  seizings  are  put  on  the  rope.  The  socket  is  care- 
fully cleansed  of  paint  and  grease  and  rounded  out  smoothly 
at  E.  The  rope  is  then  passed  into  the  socket  as  indicated  at 
left.  The  end  seizing  is  then  removed;  the  wires  are  un- 
twisted until  they  stand  out  like  a  broom,  as  in  the  second 
view,  and  the  hemp  core  is  cut  as  far  as  the  second  seizing. 
The  wires  are  then  thoroughly  cleansed  with  gasoline  and 
with  hydrochloric  acid.  The  rope  is  then  drawn  back  as 
shown,  and  pure  zinc  at  the  proper  temperature  is  poured  in 
and  allowed  to  set.  Then  the  two  remaining  seizings  are 
removed. 

It  is  far  better  and  much  more  economical  in  the  long  run, 
states  Mr.  Baker,  to  employ  in  the  beginning  a  steel  rope 
that  is  from  25  to  50  ft.  longer  than  actual  initial  require- 
ments. Yet  it  is  not  uncommon  to  see  the  drums  of  hoisting 
engines  entirely  bare  when  the  rope  is  paid  out. 

Stresses  sustained  in  heavy  and  continuous  hoisting,  while 
having  their  effects  on  all  sections  of  the  rope,  are  more 
noticeable  in  certain  places  than  others.  That  portion  of 
rope  adjacent  to  the  socket,  as  well  as  that  near  or  in  con- 
tact with  the  shaft  side  of  the  sheave  wheel  when  the  load 
is  at  rest  at  the  bottom,  are  subjected  to  more  wear  than  is 
the  rest  of  the  cable.  When  the  load  or  skip  comes  to  rest 
at  the  bottom  of  the  shaft,  the  rope  is  continually  vibrating. 
The  extremity  or  point  of  this  vibration  ends  at  the  sheave 
wheel  at  the  top  and  at  the  socket  on  the  load  itself. 

This  is  more  wearing  on  the  rope  than  the  actual  hoisting 
cycle.  Not  only  is  there  a  tendency  on  the  part  of  the  cable 
to  stretch  throughout  its  entire  length  at  such  times,  but 
shearing  forces  are  exerted  on  the  strands  at  the  socket.     It 
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Four   Stages    in    Socketing    Wire    Rope. 


is  considered  wise,  therefore,  to  cut  off  and  scrap,  every  six 
months  or  a  year,  6  ft.  or  so  of  the  rope  nearest  to  the  socket. 
The  section  nearest  the  sheave  wheel  will  thus  be  lowered 
away  from  the  point  of  undue  stress,  and  consequently  will 
not  be  subjected  to  any  forces  other  than  those  exerted  in  a 
straight  pull.  It  is  always  well  to  provide  a  drum  that  can 
carry  the  extra  length  of  rope;  otherwise  in  a  few  months  it 
may  be  necessary  to  scrap  the  whole  rope  as  too  short  for 
the  service,  as  a  result  of  having  become  worn  out  at  its 
lower  extremity. 
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Converting     Steam     Lines     Into     Light     Electric 
Railways 
Trunk-line  electrification  of  railroad  ;  T"^ 

engineering  but  strict!}  one  «i  Hi  economj 

of   main-line   electrlflcation   under  certain   conditions 

I,  .a  least  by  those  who  are  toll)   ii  •• i     The  prob- 

to  undertake  the  herculean  I        ol  raisins  runds 
i  trini  ation  even  In  the  certaintj   tl       ">■    chani 
save  monej 

Chit  ago,  Milwaukee  8   SI    Pas  tlon,  a   very 

ib  iron,  the  engineering  Btandpolnl  ran  toward  $30,000 
:i  mile  without  tin-  development  ol  pi 

power  bouses,  the  energj   being  purchased      Had  these  other 
Items  entered,  the  coal  would  b  ■    the  figure  just 

med  When  one  realises  thai  Bomi  ol  the  long  Western 
lines  were  originally  built  and  equipped  completely  for  a 
figure  do  greater,  it  is  self-evident  thai  ice  tor  rapid 

development  ol  electric  Bervice  is  verj  -"..ill  until  the  rail- 
roads sii.ili  have  recovered  enough  from  I  '•  con- 
dition int"  which  government  mismanagement  plunged  them 
advantage  oi  the  opportunities  toi  improvement  thai 
electrification  offers. 

With  reasonably  heavy  traffic  there  la  no  doubt  as  to  the 
issti,-.  So  long  as  train.-  is  light,  however,  the  odds  are 
against  success  unless  the  situation  is  Bquarelj  met  by  adopt 
me  such  method  as  the  light  electric  railway  that  is. 
rtlng  an  ordinary  railroad  Into  a  Bystem  resembling 
the  less  heavily  equipped  interurban  systems.  Tins  step 
might  now  and  then  be  a  very  useful  and  profitable  one,  but 
on  the  whole  the  tendency  in  this  countrj  lias  been,  perhaps 
unwisely,  directly  against  what  are  known  elsewhere  In  the 
•world  as  lipht  railways.— Editorial  in  Electrical  World 


Management     An  Opportunity  for  the  Engineer* 

It  is  not  that  the  engineer  is  unwelcome  in  that  wider  field. 
To  quote  our  banker  once  more— bankers  as  financial  god- 
fathers of  enterprise,  "yearn  for  a  Bure  thing  and  welcome 

glneer  with  his  mathematical  accuracy"  in  corporation 
management,  but  with  his  ''natural  handicap"  increased  by 
present  methods  of  training  he  has  proved  a  disappointment 
and   a   failure  as  a  manager;    and   it    he   would   occupj 

ins  With  success  his  education  and  training  must  be 
profoundly  modified'  A  statement  having  the  same  sig- 
nificance is  attributed  to  the  Professor  Hugo  Munsterberg: 
"We  live  in  the  day  of  the  scientist  and  the  expert,  and  he 
who  .loses  his  ears  to  their  advice  will  never  dip  the  first 
potatoes  from  his  acre."  To  realize  further  that  there  is 
•  ■  but  a  positive  need  in  thai  Held  we  have 
refer  to  the  recent  report  of  the  Federated  Engineer- 
ing Societies'  Committee  on  Elimination  of  Waste  in  Indus- 
trj  where  we  discover  that  more  than  50  per  cent  of  the 
responsibility  tor  waste  is  with  management,  and  less  than 
25  per  tent  with  labor.  In  other  words  those  who  now  plan 
and  direct  the  industries  with  their  myriad  combinations 
■  r.  materials,  and  appliances  must  be  held  more  to 
blame   for  the  shortcomings   than   all   other   elements   in  in- 

.  combined.  Does  this  seem  hardly  less  condemnation 
of  the  non-technical  management  than  that  of  the  technical, 
already  quoted?  The  more  evident,  then,  is  the  need  and 
the  opportunity  for  the  engineer.  Finally,  our  most  recent 
editorial  plaint  warns  us  that  "the  most  profound  need  of 
today  is  for  men  of  trained  imagination 
to   guide    technical    processes    and    D  practices   on 

their  human   side  to  effective  conclusion." 

..   an  article,   "The  Humanism  of   BSni  Ralph 

I  am   in   The  Michigan  Tcchnlc. 


The    Engineer   Has   Failed   to   Reach    the   Public* 

IS,.  li,    the    fact    remain-    that    public    opinion. 

I  prime  all  pervading  for DAtun  OW  to  change 

its  course.     The   situation   parallels   the   familiar  case  of  the 
double  column  front  page  headline  rati  r  in  a  three 

line  paragraph  sel  between  the  ads  on  the  seventh  page. 
Mark  the  amazing  admission  made  by  a  former  Mayor  of 
.  .  igo  at  a  banquet  of  the  Detroll  engi- 
neering Society.  It  was  a  large  assembly  and  Included  in  ii- 
number  several   distinguished   gentlemen    widely    and    favor 

•From    an    article,    "The    Humanlum    Of  BS  Ralph 

R.   Tlnkham.   In  The  Michigan   Technlr. 


ablj  known  In  our  profession,  whose  polished  remarks  re- 
flected a  degree  of  culture  too  seldom  emulated  bj   our  rank 

and     tile        Ills     Honor    arc  Sparkling     introduction 

aini  expressed  himself  Ural  as  greatlj  surprised  at  the  char- 
actei  of  the  gathering,  becaus.  ..s  lie  explained,  when  he 
bad  accepted  the  invitation  to  the  banquet  of  tie-  "Engineer- 
ing Society,"  be  BUppoeed  «■  «.:,■  the  men  who  stoked  the 
Hies  of  the  beating  plants  in  the  school  buildings  and  dtj 
hall! 

une  more  incident  will  Illustrate  a  phase  of  the  professional 
failing.     Only   recently   the   wi  -cut   at   a   crowded 

meeting   ol   a   state  engineering    society      The    speaker,  an 

engineer  and  a  member  of  tie  01  letj  was  also  a  successful 
and  well  known  business  man  His  subject  was  one  of  vital 
i  to  the  metropolitan  comi  unity  in  which  we  met.  and 
related  to  a  public  utilities  problem  involving  possible  sav- 
ings to  the  citizens  of  hundreds  ol  thousands  of  dollars.  The 
Bpeakei  even  made  sped  il  for  the  dissemination 
,it  the  data  which  be  bad  collected  at  considerable  expendi- 
ng    time  and  labor,     While   this  has  doubtless  been  done 

io  .i  strictly  limited  extent  t>j  the  comparative  lew  then 
present,  yet  the  newspapers,  of  which  there  are  several,  had 
little  if  anything  to  say  regarding  the  meeting,  and  no  edi- 
torial comment  whatever.  The  conclusion  is  obvious.  The 
engineer  fails  to  reach  the  public 


Personals 


Harry  w.   Phillips  ha-   ...  .1   superintendent    of  con- 

true!  HiM     fOI     lie      CI'      ■ 

E.  o.   Shyrock,  Superinten.  Iways  for  the   Nortl 

in  Ohio  t'.y.    lias  n  in.    superintendent  of  the 

Columbus,  Newark  &  Zanesvill,  rh  of  the  Ohio  Electri.    \;. 

Thos.   Taylor,  tor  tie-   past    10  designing  ami    ci 

ol  Toronto    i  mi  .  P. 
tilwaj  s  and  bridges  of  that 
department. 

George  Lewis,  a  conti  I  lolo  .  has  be.  n  appointed 

it    in   William   p    Robh  lenl   "i   the  Moffat  Tunnel 

Commission,    which   will    co  S-mlle    tunnel    through    the 

< 

William  F.  Strouse  has  n  cl  ief  engineer  of  the  Public 

Service   Commission   ",    Maryland    una    win    !»■   succeeded    bj    11 

•  ■■li.    mow    engineer  of   public   utilities  for    the   commission. 

.Mr.  strouse,  as  valuation  engineer,  will  continue  to  be  a  member 

commission's   engineering      tafl        Mr.    strouse    retires   from 

his  former  position  In  a   letter  to  William    M 

Maloy,  chairman  of  the  conun  sin. use  said  he  felt  that 

his   duties   us   chief   eim-m.  i  ivolved    much   detail   work. 

-  evented    him   trout    »  rig    lines    in   which   he    wae 

i ,'.     nterested  an,]  along   v       h  he  felt  much  work  ought   to 

lie   don  !.      In    his    new   field    he    \.   1     •  ike    up   matters    pertaining    to 

valuation,  cost  analysis  and  the  like  of  the  various   utilities  of  the 

state. 

Major  L.  D.  Blauvelt  hac   ■  state  highway  engineer  of 

Colorado  to  become  chief  construction  engineer  for  the  Moffat 
Tunnel   Commission,   Denver,   i  will  construct   a   S-mlle 

railroad   tunnel   through   th.     •  Divide.      Major    Blauvelt 

was  formerlj  I 'cover  &  Salt  Lake  R.  R.    He 

am.    t,.  . ',,1, , r.nl. .  Hum  X,v.    V/oi  9,   following  his  graduation 

from    Rutgers    College    in    New     Jet  In    Colorado    he    i- 

.1   wiili  the   ..PI  Colorado   Midland   Railroad  and   was 
the   builders   of   that    pioneer   line       Later   he   located    the   Cripple 
Creek   Short  Line   R    R.   and    was   on.    ..i    the   engineers   in   charge 
Construction,      He   engS  Ming    In    the    early    days    at 

Cripple    Creek    and    In    1902    '  locating    engineer    for   the 

Denver  .*.-  Salt  I.ake  R.  R.  In  1910  he  became  chief  engineer  for 
that  road  and  directed  the  construction  of  live  miles  »f  tunnel  on 
thai  line. 


Obituaries 

George    B.    Boggs.   a   form  glneer   of   the   Philadelphia 

&  Reading  Ky..  died  recently  at  Towanda.   Pa.,  ag,-,i  Tv 

James    C.    Dunn    of   the    Dunn    &     McCarthy    Constructlo 
Railroad  Contractors.  Chicago,  d     i  June  9,  at  his  bom,-  in  Cli 

long   illness.      In  addition    to   hemp  one   of  the    leading   con- 

inn-..   Mr    Dunn   ■•■  .     president  and  chief  owner 

of  the  Cleveland   American    i  Man  team, 

Ignatius   M.    De   Varona,   who   retired    eight    years   ago  as   chief 
engineer   of    Ihe   Department   of   Water   Supply.   Qas  and    Ble. 
.,f    New    York    City,    after   thirty    years    in    the   sen-ice   of    tl  . 
died   on  May   12  at    his  home  In   New    York. 

lie   was   lorn   In  .'aba  in   1842,   graduated  from   the   Ren 
hr.lc   Institute   In   1868  and   In    i-^:1   began   the  extent 
the   Brooklyn  water  works,     in   1904   he   Installed  a   high-pressure 
klyn   and   followed    it    with    a   similar  system   In 
Manhattan,     in   1910  he  was  mad.    chlel    engineer  for  the  Q 

M.  prepared  the  plant  foi  the  utilization  ol  the  CatsklU 
water  supply  tor  the  live  DOTOUghs  and  for  the  tunnel  under  the 
Harlem    River 


Industrial   Notes 

The    Pittsburgh    Testing    Laboratory    has    appointed     HarTJ     M 
Wey  manager  for  the  Chicago  i  • 

Orton   &  Stelnbrenner  Co.,  manufacturers   of  locomotive   i 
grab  buckets  ishers,    In   order   to   secure   larger 

moved    its    ..in.,-,    from    the    nth    to    the    19th    floor  of    the 
■   Bo    Dearborn  Bt  .  Chicago,  in. 
r.  m.  McCrone  of  Bangkok,  Slam,   t  recently  and 

pheci  an  oi.i.r  with  sirond  x-  .'••    of  Omaha  for  thr levatlng 

graders    to    be    Bhipped    Im  Slam       These    American 

m.nt    railroad    and    Irrlga- 
ii  in  project  in  Blam 
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Siphon  Revolving  Ventilatoi  s 
Are  the  peak  of  efficiency  in  caking  out 

hiul   air.  gas.  and   smoke.      I  'hey  an    t he 
ideal  industrial  ventilator.    Revolve  d  ball  bearings  that 

are  enrin  l\    enclosed   and   weather  protected.      No   back   draft. 


Write  for  Booklet  on   Ventilatic 


MILWAUKEE  CORRUGATING  CO. 

MILWAUKEE,  WIS. 


"Are  Quite  Satisfied  and — " 

.     Nov<  mbei  :4,  19:0 


\V.    have  at  this  plant   ii  llvanizing 

deparrmt  m  nineol  | Upii 


leniitivi  to  wind  Wearc. 

this  installation  and  can  1 
rcnrilatoi    [01  sitnils 

With  our  kindest  regards,  W  bci  to  remain 
Vert  miiI, 

I  In  c  mton  Sheet  Steel  (  )o 
Chat.  « 


Showing  the  Battery  of  Alpina  Ventilators  at  the  Plant  of  the  Canton  Sheet  Steel  Co 


Write 

Concrete 

Reinforcing  Dept.  E 


Reinforcing  Steel 

Round  and  Square,  Plain  and  Deformed  Bars. 
Bent  to  shape  required,  bundled  and  tagged 
ready  to  be  set  in  the  forms.  Lump  sum  esti- 
mates from  your  plans. 


Joseph  T.  Ryerson  &  Son 

CHICAGO,  ILL. 

ST.  LOUIS     DETROIT     BUFFALO     NEW    YORK 
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From  the  Publisher's  Point  of  View 


"The  Unforgiving  Minute" 

Have  you  ever  noticed  that  in  voluntary  committee  work,  such  as 
the  committees  of  professional  and  business  associations,  and  com- 
mittees that  really  get  things  done,  are  those  composed  of  the  men 
who  are  busiest  outside  of  such  committee  work? 

The  really  busiest  men  always  have  time  to  do  the  things  that  they 
•conceive  to  be  "up  to  them"  to  do. 

You  will  hear  men  say  that  they  "haven't  time"  to  do  important 
committee  work — to  attend  meetings  of  their  business  or  professional 
associations — or  to  read. 

These  men  have  not  learned  to  utilize  minutes. 

One  of  the  many  amazing  things  about  Theodore  Roosevelt  was  the 
breadth  and  amount  of  his  reading.  He  always  had  reading  mate- 
rial at  hand.  Much  of  his  reading  was  done  in  little  stretches  of 
five  and  ten  minutes.     In  little  gaps  between  other  activities. 

^  ou  will  find  that  the  really  busy  and  successful  engineer  knows 
what  is  in  the  worth  while  journals  of  his  profession. 

He  makes  full  use  of  "the  unforgiving  minute." 

Engineering  and  Contracting 
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Smith  Speed  Needed  Today 


W  ork  put  oft  last  year  must  be  speeded  up  today. 
With  the  biggest  construction  program  this  country 
has  ever  known,  speed  and  dependability  are  vital 
factors. 

Now  that  money  has  been  released  for  big  projects, 
"When  can  it  be  finished?"  is  the  question  put  to 
every  construction  man. 

Since  the  last  century  when  the  late  T.  L.  Smith 
developed  the  Smith  Tilting  Mixer,  there  has  never 
been  a  piece  of  equipment  that  could  compare  with  it 
in  any  respect,  because  it  combines  in  its  patented 
features  all  the  essentials  of  simplicity,  ruggedness, 
speed  of  charging  and  discharging,  thorough  mix,  and 
long  life. 

You  can  load  the  Smith  Mixer  from  any  level,  since 
Smith  Tilting  Mixers  are  equipped  with  Power  Loader 
and  extended  track  which  permits  raking  tin-  aggre- 
gate from  a  lower  level  up  to  the  mixer. 


When  the  strenuous  job  of  rushing  the  construction 
of  the  mammoth  Muscle  Shoals  plant  was  considered, 
— the  biggest  concrete  mixers  had  to  be  used.  They 
were  Smith  Tilting  Mixers  of  112  cu.  ft.  capacity — 
biggest  in  the  world. 

The  widespread  use  of  Smiths  is  not  the  result  of 
chance,  good  selling,  or  advertising, — it  is  because 
contractors  and  engineers  know  what  equipment  gives 
them  the  best  results  with  lowest  maintenance  costs. 

For  any  concrete  job  you  have,  there  is  a  Smith 
that  will  meet  your  requirements. 

Ask   for   Catalog 

THE  T.  L.  SMITH  COMPANY 

1164  32nd  Street  Milwaukee,  Wisconsin 

New  York  Office  and  Warehouse:  50  Church  Street 


Agents 


cipat  Cities 
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Reduce 
Distribution 
Costs  by  Pouring 
Concrete  From 
an  Elevated 
WANPER 
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it  Pier,  Charleston,  S.  C. 


No  matter  what  the  job,  if  it  involves  the 
unusual  in  concrete  work  we  are  prepared 
to  undertake  it.  This  department  of  our 
activities  is  entirely  separate  from  our  plac- 
ing of  standard  Raymond  Concrete  Piles. 

Dock_s  —  -  Piers  —   Bulkhcods  —  Bridges  —  Retaining  Walls  —  Etc. 


Raymond  Concrete  Pile  Company 

New  York.  I  40  Cedar  Street 

Chicago,  1 1 1  W.  Monroe  Street 

Raymond  Concrete  Pile  Co.,  Ltd.,  Montreal,  Can. 

Branch  Offices  in  All  Principal  Cities 
A  Form  for  Every  Pile — A  Pile  jor  Every  Purpose 


J 
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Rodd  Floors  of 
California  Redwood  Blocks 

For  Factories  of  all  kinds,  Machine  Shops,  Warehouses  and  Offices 


I )  ntreated  K  -  soh  e 

-^  ilu-   problem  "i   providing    flours   that    • 
endurance,  comfort  and  economy. 

Hard,   rigid   floors  wear  down   unevenly   ai 
become  rough  and  dirty.     Rodd  floors  are  resilient 
and  reduce  the  wear  and  tear  on  trucks  and  injury 
to  materials.    They  arc  warm,  comfortable  and  easy 
to  keep  clean. 

of  treated  wend  blocks  were  a  step  in  the 
right  direction.  But  their  odor,  stickiness,  and 
tendency  to  swell  and  buckle  under  variable  condi- 
tions,  temperature   and   moisture    limited   their   use. 

Redwood  Block  Floors  Stay  Flat 
and  Wear  Indefinitely 

Nature  made  Redwood  a  remarkably  good  floor 
material.  The  natural,  odorless  preservative  which 
permeates  Redwood  during  the  growth  of  the  tree 
artificial  preservative  treatment  unneces- 
sary. Rodd  Floors  of  California  Redwood  blocks  are 
ticky.  Thoroughly  seasoned  and 
•  1  r i <  d,  Redwood  neither  swells  nor  shrinks.  Floors 
stay  tight  and  flat. 

The  ends  of  the  wood  fibre  iron  out  into  a  smooth 
flooring    surface   that    grows    stronger    under    heavy 
Rodd   l1""rs  do   not   rut,  splinter  or  corru- 
gate.   'I  1  lient — easy  on  the  feet  and  easy 
on  the  truck-  practically  dustless.     Under 


ere  conditions  found  in  iron  and  steel  plants 
iiu.l  machine  shops  Redwood  block  floors  have  re- 
peatedly lasted  ni  good  condition  over  a  quarter  of 
a  century. 

Rodd  Specification  Floors  for  all 
types  of  service 

Rodd  lude  floors  de 

load  and  service  conditions  and  for  resurfacing  worn 
out  plank  or  cone- 1 

There  are  Rodd  specifications  for  floors  th 
have   to  be   absolutely   smooth   and   for   floors    that 
have  to  be  sanded  and   finished  so  that  tin- 
catch    lint — foundry,    round    house,    machine    shop 
and    platform    floors,    and    smooth,    quiet,    odorless 
floors  for  waiting  rooms  and  offices. 

Rodd  Floor  Engineering  Service 

After  years  of  experience  in  installing  floors  for 
many  of  the  nation's  largest  railroad  and  industrial 
organizations,  The  Rodd  Company  now  standardizes 
on  California  Redwood  for  block  floors.  Exhaust- 
ive tests  by  The  Pacific  Lumber  Company  and  by 
our  own  organization  have  conclusively  proved  the 
superiority  of  Redwood  Block  Floors  for  all  pur- 
poses. 

We  undertake  tin  complete  installation  of  floors 
and  will  gladl]  hum  h  specifications  and  estimates 
Inquiries  are  in>  il 


!  Ill    RODD  COMPANY 
-  -  I  I  \Ti  KV  BLDG.,  PITTSBURGH,  PA 
CONTRACT  1  «   REDWOOD  Him  K   I  LOORS 

Manufactured  by 


p\Q*p  Pacini  LumberCo. 


W< 


id  Diltributori   nl  Califor 


fune  28,  1922. 


Advertisers'—  ENGINEERING    AND    CONTRACTING     Section 


A  No.  6-T  Austin  Steam  Shovel  suit-cutting  to  a  depth  of  marly  fifteen  leet 


cut-off  near  Rochester,  V  Y. 


WHAT  DOES  IT  DO? 


Many  things,  well!     F 
than  versatility,  valua 


I'VBE  MIXERS 
CUBE-HEX  PAVERS 
CONCRETE  TAMPERS 
GASOLINE  LOCOMOTIVES 
INDUSTRIAL  CARS 
BATCH  BOXES 

IN  LOADERS 
Sl'BGRADERS 
TRUCK  TURNTABLES 
TREN'H  MACHINES 
WHEEL  EXCAVATORS 
BACKFILLERS 
DRAGLINES 
CLAMSHELLS 
CRANES 
P  Hi  pVELS 
SKIMMERS 


or  the  Multi-Utility  Austin  Dragline  stands  for  far  more 
ble  as  that  quality  is. 

It  stands  for  a  careful  designing  and  rugged  construction  which  make  the 
specific  adaption  of  the  machine  as  effective  as  if  it  were  built  from  the 
ground  up  for  one  purpose  only. 

Grading  on  a  road  contract,  the  Austin  Dragline  with  Shovel  attachment 
is  none  the  less  a  Shovel  because  it  can  be  converted  into  a  Clamshell, 
if  your  next  contract  requires  one. 

Its  very  versatility  necessitates  a  power  equal  to  the  maximum  require- 
ment. This  means  a  reserve  strength  and  power  as  applied  to  the  average 
task — a  surplus  which   spells  satisfaction  and  a  worth-while  profit. 

The  5  in  1 — Dragline,  Crane,  Skimmer,  Clamshell  and  Shovel. 

The  largest  manufacturers  of  the  most 
comprehensive  line  of  earth-moving  and 
concrete  mixing  mai  hinery  in  the  world. 

Our  new  Dragline  catalog,  DL-9,  sent  promptly  on  request 


Austin  Machinery  Corporation 


Railway  Exchange  Bldg. 
Chicago,  U.  S.  A. 


BIRMINGHAM 
DAVENPi'RT 
DETROIT 
KANSAS    CITY 


MII.W.VI'KEE 
MINNEAPOLIS 
NEW   ORLEANS 
NEW    5TOR] 


OMAHA 
PORTLAND 
SAN    FRANCISCO 
\V<  l<  'I>ST'  II    K     OM 


*%fffit!o$^ 
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FOCAirSAS  /..'  I  tRESTATTON  OPERATIONS  ASSURE  A  PERPETIAI.  SFPPI.Y  TOOUR  TRADE. 


■BOCALUSA'   STENt   I  LED    ON    YOUR    SOUTHERN    PINE    IS    LIKE    A    CERTIFICATION    ON   A    CHECK."     I 

"IN  THE  DAY'S  WORK." 


20  pieces,  13%  x  14% — 59  feet,  square-edged  and  sound,  from. 


Trade-Mark  Reg.  U.  S.  Pat.  Office 


"where  the  finest  SOUTHERN  PINE  in  the  World's  Markets  comes  from." 

Our  facilities  enable  every  "Bogalusa"  dealer  to  fill  any  order  of  ANY  SIZE  ANY 
TIME  promptly  and  with  exactness. 

Big  Timbers  for  Railroad  or  Marine  demands — or  humble  everyday  crating,  or  box 
lumber  (as  well  as  a  Complete  Line  of  the  usual  yard  and  shed  stock.)  25  YEARS  of 
CAPACITY  PRODUCTION  ahead  of  us  in  our  own  uncqualed  stands  of  THE  FINEST 
VIRGIN  TIMBER  EXTANT,  plus  the  knowledge  of  "BOGALUSA"  products  assured 
to  you  IN  PERPETUITY  by  our  far-reaching  reforestation  operations.  You  are  thus 
protected,  in  the  most  practical  way,  in  the  complete  satisfaction  of  your  Southern 
Pine  requirements  during  the  life  of  your  business. 

Superior  standards  of  manufacturing  technique,  with  strict  grading  per  Factory  Mu- 
uafs,  American  Society  for  Testing  Materials  and  American  Railway  Engineering  Asso- 
dati  n  are  among  the  other  factors  that  have  made  the  name  "BOGALUSA"  indeed 

"A   WORD    TO   RELY   ON." 

Write  us  for  full  particulars  as  to  detailed  special  service  on  special 
items.     Our  response  will    be   personal,   candid  and   prompt. 

SALES  SERVICE  DEPARTMENT 

GREAT  SOUTHERN  feg&5S§ :    1624  4th  Avenue,  BOGALUSA,  LA. 

'FROM  A  LATH  TO  BRIDGE  TIMBERS,  SPECIFY  BOGALUSA  TRADE-MARKED  PINE  AND  REST  EASY." 
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For  Every  Building  Requirement 


KNO-BURN 


AN  economical  flat,  small  dia- 
mond meshed  lath  for  interior 
plastering  stucco,  ratproofing  and 
fire  stopping.  Requires  a  mini- 
mum amount  of  plaster,  very  rigid, 
yet  easily  cut,  shaped  and  plast- 
ered. .'4.  25,  26,  27  gauges  Sheets 
24  x  96  in.  Furnished  painted,  cut 
from  Galv.  Sheet,  Pure  Iron  and 
Copper  Bearing. 


CORRUGATED 


SELF-FURRING.  Especially  rec- 
ommended for  stucco.  Furnished 
in  either  the  KNO-BURN  or 
EUREKA  types  of  mesh  and  in  the 
same  weights,  gauges  and  finishes. 


FREE 


SAMPLES 

CATALOGS 

SPECIFICATIONS 


Dealers  Everywhere 
Prompt  Deliveries 


ECONO 
Expanded  Metal 


^f/NFORCl^0 

A  MESHED  reinforcing  tor  all 
types  of  concrete  work.  Saves 
time  and  lahor  of  tying  and  plac- 
ing bars.  Large  flat  sheets  in  va- 
rious gauges  and  sizes  of  mesh, 
ranging  from  l/2  in.  x  1J4  in.  to  5% 
in.  x  12  in.  (small  meshes  mostly 
used  for  machine  guards,  open 
partitions,   etc.) 

LONGSPAN 


Sill  I- 1  IRRING  lath  for  parti- 
tion work,  ceilings,  etc.  U-ribs 
%  in.  high  are  easily  spliced.  Rigid, 
ships  well.  Sheets  2  ft.  x  8  ft.  24, 
26,  28  gauges. 


EUREKA 


FLAT  lath.  Especially  indicated 
for  2  in.  Solid  Partitions,  Or- 
namental Plastering  and  wherever 
as  small  a  m,eshed  lath  as  KNO- 
BURN  is  not  required.  24  and  26 
ga.  Sheets  (respectively)  22  in.  and 
21  in.  x  96  in.  Painted,  Cut  from 
Galv.  Sheet,  Pure  Iron  and  Copper 
Bearing. 


T-RIB  CHANELATH 


USED  with  equal  satisfaction 
either  as  a  self-furring  plast- 
ering lath  or  as  a  combined  form 
and  reinforcing  for  concrete.  Es- 
pecially indicated  for  roofs,  parti- 
tions, T-ribs  Vs  in.  high.  24,  26,  28 
gauges.  Sheets  4  in.  to  48  in.  wide. 
Lengths  3  to  12  ft. 


ORTH 

EXPANDED 


1201  Old  Colony  Building,  Chicago,   111. 
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Quick  Interchangeability — 

Meitf  Control  Flexibility  and 

Time  Saving  Accessibility 

'  I  vO  change  from  clam  shell  work  to  drag 

J-  line— just  change  the  bucket.  No  gearing 

or  drums  to  change.   No  rebuilding!    Simply 

shift  clutch  for  proper  line  speed  for  either  job. 

Shafts  can  be  lifted  from  bearings  without 
disturbing  other  parts — a  new  standard  of 
accessibility.  Boom  the  bucket  in  and  out, 
and  elevate  or  lower  bucket,  and  travel  all 
at  once  if  you  wish — and  you  can  do  it  with 
the  Koehring  without  the  penalty  of  exces- 
sive wear.  The  greater  flexibility  of  the 
Koehring  means   greater  yardage  handled. 

—  and  it's  Koehring  heavy-duty  built. 

KOEHRING   COMPANY 


7* 


MILWAUKEE 
WISCONSIN 


Write  for 

Catalog  CR7 


Capacities 

No.  2  Lifting  capacity  24,000 
lbs.  at  12  ft.  radius.  Standard 
boom,  35  ft.  long, 

Wo.  3    Lifting  capacity  40,000 

lbs,  .it  12ft,  radius.   Standard 
boom,  45  tt.  long. 
Boom  length  can  be  made  to 
suit  conditions. 


June  28,  ll »22. 
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BLAW-KNOX 
PRODUCTS 


Road  Building  Equipment 
Clamshell  Buckets 

Prudential  Sectional  Steel 
Buildings 

Steel  Forms  for  Concrete 
Construction 

Fabricated  Steel  Specialties 

Pressed.  Riveted  and  Weld- 
ed Plate  Work 

Forge  and  Hammer  Weld 
ing 

Water  Cooled  Appliances 
for  High  Temperature 
Furnaces 

Steel  Transmission  Tow- 
ers and   Poles 

Gas  Producers — Dolomite 
Gun 


Knowledge  of  structural  steel,  excellent  shop 
and  shipping  facilities  and  trained  engineers 
specializing  in  design  and  construction  —  a 
reputation  for  living  strictly  up  to  contracts 
has  established  Blaw-Knox  Company  among 
the  foremost  fabricators  in  the  country. 

Mill  buildings,  manufacturing  plants,  bridges, 
steel  poles,  transmission  towers,  radio  tower-., 
trusses,  crane  runways  and  miscellaneous  con- 
struction of  every  description  have  been  Blaw- 
Knox  Specialties  for  years. 

Illustrated  above  is  a  complete  sugar  refinery 
designed,  fabricated  and  erected  for  the  Car- 
ibbean Sugar  Company,  Cuba — your  structural 
and  plate  requirements  can  be  served  equally 
as  well. 


BLAW-KNOX 

PITTS  BURGH,  PA-   C*  f\  ki  QA    MV   NewYork-  Chicago-Detroit-Baltimore 

603     Farmers  Bank  Bldg.  ^^  ^J  l*l  ■     f\  IN  Birmingham  -San  Francisco  -London,  Erig. 


M 
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Full  Protection  to  all 
kinds  of  Concrete  Work 

ANY  1 00  yard  stretch  of  concrete  work  will  expand  or 
/-\    contract  approximately  2]2  inches  when  the  tem- 
perature changes  100  degrees. 

This  expansion  or  contraction  is  unavoidable  and  un- 
failing whether  the  change  in  temperature  takes  place  in 
a  few  hours  or  a  year's  time. 

Taking  a  factor  of  safety  of  four  (4)  enough  expansion 
joints  should  be  used  to  provide  for  expansion  of  4x2}/£ 
inches  or  10  inches,  hence,  there  should  be  20  half-inch 
expansion  joints  in  every  hundred  yards. 

Carey  Elastite  used  on  this  basis  has  been  employed  in 
bridges,  viaducts,  dams,  reservoirs,  grand  stands,  and  in 
every  instance  is  successfully  protecting  the  work  against 
buckling  and  cracking. 

It  costs  little  to  provide  absolute  safety  from  stresses 
due  to  inevitable  changes  in  temperature. 

Write  for  sample  and  full  particulars  to 

The  Philip  Carey  Company 


Elastic  used  in  this 
riprap  work  by  Miami 
Conservancy  district 
near  Dayton,  Ohio. 


7  Wayne  Avenue, 


Lockland,  Cincinnati,  Ohio 


XPANSION 
JOINT 
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—  Total,  142/2  Days— with  a  Metaform  Outfit 

TWO  huge  coal  pockets— each  33  feet  in  diameter  and  30  feet  high, 
with  floor  slabs  30  feet  from  the  ground— built  in  14'/2  ten-hour 
working  days!  Such  was  the  record  set  with  a  Metaform  circular  out- 
fit at  the  New  York  Central's  new  engine  terminal,  Solvay,  New  York. 

Metaform  standardized  circular  outfits  offer  the  cheapest,  fastest,  best  method  of  build-       / 
insr  every  type  of  circular  monolithic  concrete  structure.      _.„.     ,  «.'./' 

_.°.  ,      ,  V       j      j        i-  .  i: u„ „.-      Fill  m  the  coupon  or  attach      ' 

With  them,  hundreds  of  contractors  are  making  bigger     tQ  yQur  letter^ead    The      ' 
profits  out  of  silos,  grain  elevators,  coal  pockets,  water     Metaform  books  will     / 
tanks,  smoke  stacks,  etc.    Full  information  on  request,     he  sent  to  you  free.      / 

METAL  FORMS  CORPORATION 

MILWAUKEE  WISCONSIN 

A? 
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What  Is  Cement? 

What  is  this  liner-than-ilour  building  material 
called  cement,  that  you  can  mix  with  water,  sand, 
and  stone  or  pebbles,  and  cast  into  all  sorts  of  shapes 
that  become  as  hard  and  enduring  as  solid  rock? 

ffi   s   s 

Portland  cement  consists  principally  of  silica, 
lime,  and  alumina.  In  cement  manufacture  these 
are  obtained  from  (1)  Cement  rock  and  limestone; 
(2)  Limestone  or  marl  and  shale  or  clay;  (3)  Blast- 
furnace slag  and  limestone. 

First  the  rock  is  quarried  and  transported  to  the 
mill.  Then  it  is  ground  to  a  powder,  analyzed,  and  the 
several  ingredients  mixed  in  accurate  proportions. 

Next  it  is  subjected  to  long  and  gradually  increas- 
ing heat  until,  at  about  3000  degrees  Fahrenheit, 
the  mixed  materials  decompose  and  fuse  into  hard 
balls,  known  as  clinker. 

Then  this  hard  clinker  is  cooled,  mixed  with  a 
definite  proportion  of  gypsum,  and  again  ground  to 
a  powder  so  fine  that  at  least  78  per  cent  of  it  will 
pass  through  a  sieve  having  40,000  holes  to  the 
square  inch. 

Finally  this  finished  product  must  be  analyzed 
to  determine  that  it  conforms  to  the  exacting  speci- 
fication  requirements  of  cement  manufacture, 
packed  in  bags  and  placed  in  cars  for  shipment. 
&  a  a 

The  manufacture  of  cement  is  a  complex  process 
involving  great  care,  skill  and  expense,  and  requir- 
ing an  enormous  capital  investment. 

This  Is  the  Age  of  Cement 
PORTLAND  CEMENT  ASSOCIATION 

111  West  Washington  Street 
CHICAGO 


TO      FURTHER      THE       BEST      INTERESTS      OF      CEMENT      USERS 
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ONE  of  the  biggest  factors  entering-  into  the  cost  of 
power  plant  operation  is  the  handling  of  coal  and 
ashes.    More  money — dividends — is  wasted  in  this 
department  of  the  power  plant  than  in  any  other. 

THE  PERKINS  PIVOTED  BUCKET  CARRIER  will 
cut  this  expense  to  a  minimum  and  effect  a  more  efficient, 
cleaner  and  safer  power  plant.  Its  economy  of  operation, 
simplicity  of  construction,  and  reliability  of  performance, 
makes  it  the  ideal  machine  for  this  service.  It  requires  a 
minimum  amount  of  attention  and  will  stand  abuse  of 
hard,  continuous  usage. 

Numerous  installations,  many  in  some  of  the  largest 
power  plants  in  the  country,  give  proof  of  its  unques- 
tioned superiority  for  handling  coal  and  ashes,  as  well  as 
stone,  coke,  cement,  clinker,  etc. 

Webster  Engineers  are  specialists  in  the  art  of  material 
handling  and  stand  ready  to  assist  you  in  the  proper 
selection  of  machinery  for  your  particular  requirements. 
(  !onsult  them. 


to 
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Wear  the  Shoe  Instead  of  the  Leg 


Ten  Other 
Sterling  Features 

10  Spoke  Wheel. 
Malleable  Wh*«l  Cuird 
Self  Lubricetinf  Wheel. 
Cold  Rolled  Steel  Shaft. 
Patented  Handle  Clamp. 
Malleable  Wheel  Support, 
le.ted  Clear  Maple  Handle 
Ritrtcd  Le(  Brace. 
Balanced  Load 
All  Part.  Interchange. ble 


Doubly 
Reinforced 


From  the  ground  up  every 
detail  of  the  Sterling  Wheel- 
harrow  is  built  for  lasting 
service. 


The 


erHtti^  shoe 


l'.\  riveting  a 
liri  lad  flat  si 
our  heavy  steel 
channel  legs  we 
i  a  v  e  eliminated 
one  of  the  faults 
irevalent  in 
all  wheelbarrow 
foot  and  1  e  g 
troubles. 

only  one  of  the  mam 
reasi  ins  w  h)  Sterling 
Wheelbarrows  have 
greater  stability  — 
last  longer — wheel 
and   handle   a 

per    day    than 
any  other  wheelbarrow. 

[f  you  use  wheelbarrov 
Sterling   i  atalog    I  sent   on   re 

makes  it  pi 
that  there's  a  difference  in  the 
way  that  a  Sterling  wheels  and 
wears. 


yi41i>y  Wii  9  a 


NEW  YORK 

ON 
CLEVELAND 


MILWAUKEE,    WIS. 

CAVMAN  AttWfrMUSJUC  UHfIt1lHOimilAUTW10rfniWINHI»«C,VANCO«JVeR 
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The  Severest  Test  of  Wire  Rope  Is  Found  In  Logging  Operations 


The  Clyde  Iron  Works  Recommend  and 
Equip  Their  CLYDE  SKIDDERS  with 

WILLIAMSPORT  PURPLE   STRAND 

The  Toughest  Wire  Rope  Made 


Clyde  Iron  Works  adopted  Williamsport 
Wire  Rope  only  after  the  severest  and  most 
exhaustive  tests  of  the  various  standard, 
wire   ropes. 

And  too,  it  was  not  "special"  wire  ropes 
built  for  this  test  but  ropes  bought  in  the 
open  market  without  our  knowledge. 


For  a  great  many  years  Williamsport  lias 
specialized  on  high  quality  ropes  and  an 
inspection  of  our  plant  and  methods — to 
which  wire  rope  users  are  invited — will 
ronvince  anyone  absolutely  that  here  is  the 
i  ope  .mhi  can  trust. 


The  Williamsport  patented  Telfax  Tape  Marker  presents 
positive  definite,  indestructible  evidence  of  each  grade  and 
eliminates  the  possibility  of  substituting  a  different  grade 
from  what  you  buj 

The  test  of  service  will  convince  you  of  the  amazing 
efficiency  of  Williamsport  Wire  Rope — and  regardless  of 
the  rope  you   arc   now  using,  you  owe   yourself   this   test. 

Write  for  Our  Factory  Prices 


WILLIAMSPORT  WIRE   ROPE  COMPANY 


Main  Office  and  Works 
Williamsport,  Penna.  "accepted  as  the'  best" 


Gen'/  Sales  Office:  Peoples  Gas  Bide. 

Chicago,  Illinois 
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Insley  Concrete 

Placing  Equipment 

PIONEERS  in  the  field,  Insley  engineers  have  constantly  improved  their 
equipment  so  that  the  INSLEY  STEEL  TOWER,  QUICK  SHIFT,  COUNTER- 
WEIGHT CHUTE  plant  represents  the  utmost  obtainable  in  the  way  of  labor  and 
time  saving  plant  for  use  in  connection  with  the  larger  type  of  concrete 
construction. 

This  equipment  has  been  standardized  upon  by  a  large  number  of  firms 
engaged  in  concrete  construction.  We  would  welcome  an  opportunity  to  explain 
just  how  it  will  save  money  for  you. 

The  illustration  below  shows  Insley  Steel  Tower,  Quick  Shift,  Counterweight  Chute 
equipment  as  used  by  McCormack-Combs  Construction  Company  on  their  Missouri  Pacific 
Hospital  work  at  St.  Louis.     James  Stewart  &  Company,  General  Contractors. 

INSLEY  MANUFACTURING  CO. 

Engineers  and  Manufacturers 
INDIANAPOLIS 


CONCRETE    PLACING    EQUIPMENT 

NDUSTRIAU    CARS  —  DUMP    BUCKETS 

STEEL  DERRICKS 
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Pennsylvania  State  Highway 
Department's  "Calyx"  Pave- 
ment Testing  Drill  in  opera- 
tion. 


How  easy  it  is  to  spoil  in  the  making  what 
otherwise  would  be  a  wonderful  road.  The 
least  poor  judgment  or  carelessness  in  any 
of  the  processes  may  later  cause  unlimited 
trouble  and  expense  and  yet  these  errors 
and  their  true  causes  have  always  been  hid- 
den. Now,  however,  they  are  revealed  by 
the  "Calyx"  Pavement  Testing  Core  Drill. 

"Calyx"  Pavement  Testing  Core  Drills  give  complete  and 
accurate  records  in  the  form  of  ample  size  and  uniform 
cylindrical  cores  taken  from  the  finished  road.  They 
core  any  kind  of  modern  road  material. 

"Calyx"  cores  are  X-rays  of  your  road. 

Complete  Information  Upon  Request 

Ingersoll-Rand   Company 

11   Broadway,  New  York 

Offices  in  all  principal  cities 


14  LU 

Rand 
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Leakage  of  oil  i«  prevented  by 
an  automatic  plunger  which  ad- 
just* tt»ei|  to  any  operating  posi- 
tion of   the   drill,   as  illustrated. 


Little  Giant 

feature  that 

saves  $90.H 

yearly 


EFFICIENT  lubrication 
—  an  air  drill's  best 
friend  —  was  problematical 
and  expensive  when  air  drills 
required  semi-daily  lubrica- 
tion due  to  oil  escaping  with 
air  passing  the  pistons. 

Not  so  with  Little  Giant  Air 
Drills  equipped  with  the  new 
patented  I  ent  Tube  which  makes 
lubrication  necessary  only  once 
werkly  when  Airoilene  Grease,  a 
semi-fluid  oil,  is  used. 
The  Vent  Tube  sa\es  $'>(). 70  an- 


nually as  shown  by  these  figures: 

Lubrication   before   drill 

leaves  tool  room,  grease       $0.05 

Returning  drill  to  tool 
room  for  midday  lubrica- 
tion, 30  minutes  (a  $0.40 
per  hour     ....     $0.20 

Grease    .       0.05    0.25 
Daily  Cost  $0.30 

311  days  (a  $0.30    .     .     .     $93.30 
Lubricating  Little  Giant 
Air  Drills  once  weekly 
for  52  weeks  (a  $0.05      .       $2.60 

Annual  Saving     $90.70 


Regardless  of  the  operating  posi- 
tion of  the  drill,  oil  leakage  is  made 
impossible  by  the  plunger  in  the 
Vent  Tube.  Incidentally,  this  fea- 
ture reduces  repair  costs  75r(".  Add 
this  to  the  above  saving. 

The  Vent  Tube  is  applicable 
to  most  sizes  of  Little  Giants. 
For  a  small  sum  it  can  be  applied 
to  most  Little  Giants  now  in  ser- 
vice. It  costs  nothing  extra  when 
supplied  with  new  drills. 

Address  the  nearest  Branch  for 
complete  details. 


Chicago  Pneumatic  Tool  Company 

Chicago  Pneumatic  Building    •     6  East  44th  Street    ■    New  York 
Sales  and  *  Service  Branches  all  over  the  World 


I u     To«o»»TO 


BOYER  PNEUMATIC  HAMMERS  ••LITTLE   GIANT  PNEUMATIC  AND  ELECTRIC  TOOLS 
CHICAGO   PNEUMATIC  AIR  COMPRESSORS  ••  VACUUM  PUMPS  ••  PNEUMATIC  HOISTS, 


wi^^mvn 


LITTLE 

Hie  W  orld's  Standard 


GIANT 

Air  Drill 


Building  and  Structural  Monthly  Issue 

ENGINEERING—  CONTRACTING 

Published    by    Engineering    &    Contracting    Publishing   Co.,  9   South   Clinton    St.,   Chicago. 

Halbert  P.  Gillette,  President  and  Editor  LEWIS  S.  Louer,  Vice-President  and  General  Manager 

New  York  Office:  Rm.  403  Columbia  Bank  Bldg.,  507  Fifth  Ave.,  Richard  E.  Brown,  Eastern  Manager 

Cleveland  Office:  Room  417  Engineers  Bldg.,  Leo  Ehldert,  Manager 

The  four  rotated  special  monthly  issues  and  4  quarterly  issues  of  E.  &  C.  (52  in  all)  entirely  cover  the 
civil  engineering  and  contracting  field  at  $4.00  a  year.  Any  one  of  the  four  special  monthly  issues 
may  be  subscribed  for  as  a  monthly  at  $1.00  a  year.  The  special  quarterly  issues  relate  entirely  to 
foreign  engineering  and  construction  practice.  The  articles  in  the  first  two  issues  of  each  month  com- 
pletely cover  the  municipal  engineering  and  contracting  field.  The  articles  in  the  first  and  fourth 
issues  of  each  month  completely  cover  county  engineering  and  highway  engineering  and  contracting. 
The  articles  in  the  3rd  and  4th  issues  of  each  month  completely  cover  steam  and  electric  railway 
location,  design  and  construction.  See  the  "masthead"  on  the  first  page  of  the  Weekly  News  Section 
for  information  about  our  weekly  contract  news. 


Roads   and   Streets — 1st   Wednesday 

I  loads  reetB 

lb  i    Quarritsand  Pits 

Waterworks    and    Hydraulics — 2nd    Wednesday 


(a)    Water    Works 

<b)    Irrigation    and 
Drainage 


t< 

Sanitatlo 
td)   Waterws 


Railways — 3rd    Wednesday 

(a)  Steam    Railway   Con-         (b)  Electric    Railway 

Btructlon    and  Construction    and 

.Maintenance  Maintenance 
(i  i    Quarries     and     Pits     for     Ballast 
and    Concrete 

Buildings    and    Structures — 4th  Wednesday 

(a)   Buildings  (d)  Miscel  am 


ib)    Bridg 


tc)    Ha 


Str 
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"  Quantitative  Economics,"  A 
Redundant  Term 

Political  economists  are  at  last  beginning  to  realize  that,  at 
least  in  part,  economics  is  a  quantitative  science:  so  one  of 
them  has  coined  the  term  "quantitative  economics."  A  few 
engineers  have  been  contending  for  years  that  economics  is 
essentially  a  quantitative  science.  If  this  is  true,  redundancy 
occurs  when  the  adjective  quantitative  is  applied  to  econom- 
ics. No  engineer  would  think  of  speaking  of  surveying  as 
quantitative,  for  it  is  self-evident  that  surveying  is  an  appli- 
cation of  mathematics  and  is  therefore  quantitative. 

The  time  will  come  when  even  that  branch  of  economics 
called  "political"  will  be  universally  regarded  as  being  quan- 
titative in  its  nature,  but  at  present  even  teachers  of  political 
economics  so  seldom  regard  their  specialty  as  being  quan- 
titative that  when  one  of  them  coins  the  term  "quantitative 
economics"  most  of  them  will  think  that  he  is  speaking  of 
a  new,  special  branch  of  economics! 

The  average  daily  paper  editor  seldom  regards  economic 
problems  as  being  quantitative,  for.  if  he  did.  lie  would  not 
throw  into  the  waste  paper  basket  most  of  the  economic 
discussions  that  contain  quantitative  data.  An  experienced 
writer  recently  said:  "If  any  article  contains  many  statistics 
it  is  almost  certain  to  hit  the  floor  of  the  editorial  office  to 
which  it  has  been  sent  within  five  seconds  after  the  editor 
has  scanned  it." 

Josh  Billings'  old  apothegm.  "Figgers  don't  lie  but  liars 
will  rigger,"  seems  to  be  a  favorite  with  editors.  They  have 
evidently  resolved  to  take  no  chances  with  "figgers"  regard- 
less of  the  source  or  the  suggested  applicability.  If  a  well 
known  speaker  asserts  that  high  freight  rates  have  been  the 
main  cause  of  industrial  depression,  many  an  editor  will 
quote  the  statement.  But  if  a  railway  president  replies  by 
pointing  out  that  the  total  annual  freight  charges  are  only 
10  per  cent  of  the  total  retail  price  of  all  commodities  sold 
annually,  even  so  slight  an  appeal  to  "figgers"  stands  slight 
chance    of    being    quoted    editorially.     When    the    Interstate 


Commerce  Commission  ordered  a  10  per  cent  reduction  in 
freight  rates,  to  take  effect  July  1,  many  an  editorial  writer 
rejoiced  in  type  at  the  boon  to  industry  through  lower  prices 
that  would  follow  such  a  slash  in  freight  rates.  Boon  indeed! 
Ten  per  cent  of  10  per  cent  is  1  per  cent.  Hence  the  effect  of 
the  freight  reduction  on  the  average  retail  price  level  can  not 
exceed  1  per  cent,  and  of  course  will  not  equal  that  infinitesi- 
mal, because  it  will  be  mostly  absorbed  by  the  retailer. 

But  even  such  simple  quantitative  analysis  is  beyond  the 
average  editor.  Talk  to  him  in  percentages  and  his  mind 
wanders,  wanders  as  it  did  10,  20,  30  or  40  years  ago  in  the 
schoolroom  when  percentage  and  the  "rule  of  three"  were 
his  greatest  soporifics. 

1'nder  such  conditions  it  seems  almost  hopeless  to  try  to 
introduce  engineering  methods  of  quantitative  analysis  into 
the  field  of  political  economics:  but  unless  success  ultimately 
follows  the  attempt,  there  never  will  be  truly  economic 
government  in  the  world. 


Let     Estimators    Beware    of     Rising 
Prices 

For  four  months  the  wholesale  commodity  price  index  has 
been  rising.  This  not  only  registers  the  upward  turn  of 
general  prosperity  but  should  act  as  a  warning  to  contractors 
and  others  who  have  been  anticipating  a  decline  to  the  pre- 
war level  of  prices  ana"  wages. 

Retail  prices,  the  cost  of  living,  wages  and  freight  rates 
are  all  about  60  per  cent  above  the  level  of  the  year  1913. 
Wholesale  commodity  prices  average  about  50  per  cent  above 
the  1913  level,  but  in  May  they  rose  3.5  per  cent  above  the 
April  level,  at  which  rate  they,  too,  will  be  60  per  cent  above 
1913  by  the  end  of  July. 

Labor  unions  have  vigorously  resisted  attempts  to  put  their 
wages  in  line  with  the  cost  of  living,  but  they  are  slowly 
being  forced  to  accept  a  decrease  in  wages  comparable  with 
that  of  farmers  and  other  non-unionized  workers. 
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Common    labor    begins    to  nee    of    scarcity    ;it 

prevailing  wages  in  many  places  It  is  probable,  therefore, 
that  common  labor  |||m  will  rise  m  man]  parts  of  the 
country  before  the  year  Is  over 

With  a  rising  tide  of  prosperity  average  wages,  and  prices 
are  apt  to  increase  10  to  '   within  a  year.    Let  no 

contractor  or  engineer  make  tin1  mistake  of  not  allowing  for 
such  a  contingency  in  estimating  the  cost  of  work  to  be  done 
a  few  months  hence. 

•hiving  the  rapidity  with  which  the  price  of  struc- 
tural materials  may  rise  we  may  cite  stool.  The  Iron  Trade 
index  of  steel  prices  stood  at  i-.">  for  April,  and  is 
now  141,  an  increase  of  14  per  cent  in  two  months  Steel  is 
still  only  41  per  cent  above  the  average  price  for  the  year 
1913,   and   may   rise   another    14    per    cent    in    the    next    two 

In   April  the  average  price  of  common   red   brick   in   New 
York  was  $16.75;  in  May  it  was  $19.81,  an  Increase  of  18  per 
a  single  month. 
Let  the  estimator  beware 


were,  respectively,  8.3  and  -.0  per  cent.  The  companies' 
income  tax  statements  as  to  invested  capital  showed  an 
investment  about  half  the  $151,000,000  appraised  value.  On 
the  invested  capital  their  combined  net  earnings  had  ranged 
from  a  maximum  of  8.7  per  cent  in  1919,  to  as  low  as  1  per 
cent  in  1915,  the  average  for  the  past  9  years  being  4.2 
per  cent. 

The    Government    attorney,    not    satisfied    with    a    partial 
defeat,  will  probably  ask  for  a  new  trial. 


Trial   of   Eastern    Cement    Manufac- 
turers Ends  in  Jury  Disagreement 

Aft.r  a  trial  that  lasted  two  month  tiled  to  agree 

on  a  decision  relative  to  the  al  of  the  eastern 

•  manufacturers  to  restrain  interstate  commerce,    it  is 
stated  that  seven  jurors  voted  for  acquittal  and  five  for  con- 
[f   so.   this   m.i  Ictory   for   the 

cement  manufacturers,  because  the  average  jury  would 
probably  be  prejudiced  in  adva  I  ;iny  group  of  man- 

ufacturers charged  with  combining  to  raise  prices.  News- 
papers, during  the  past  nave  harped  editorially 
to  the  tunc  of  "profiteering"  until  most  daily  paper  readers 
are  prepared  to  condemn  almost  any  manufacturer  or  mer- 
chant regardless  of  evidence. 

The  Government's  case  was  based  almost  entirely  on 
circumstantial  evidence,  the  strength  of  which  lay  mainly  in 
the  inferences  drawn  from  statistics.  The  defense  proved 
definitely  that  many  of  these  inferences  were  wrong,  and 
evidently  shook  the  faith  of  the  majority  of  the  jurors  in  the 
remaining  inferences. 

Four  very  well  known  men  testified  for  the  defense.  Gen. 
George  Goethals,  Edward  N.  Hurley,  Prof.  Thomas  Adams  of 
Yale  and  Richard  K.  Meade. 

Gen.   Goethals   testified   that   in  purchasing   some    s.uuii.i 

barrels  of  cement  for  the  Panama  Canal,  competition  among 
the  cement  companies   v.  ten  or  more  bids  being 

frequently  received  at  prices  that  differed  as  much  as  20 
r  bbl. 
Mr.  Hurley,  former  chairman  of  the  Federal  Trade  Com- 
mission, testified  that  the  Government  had  encouraged  the 
formation  of  such  organizations  as  the  cement  manufacturers' 
association,  and  that  he  had  personally  advised  this  associa- 
tion to  adopt  uniform  cost  accounting  and  other  practices 
that  had  subsequently  been  cited  as  evidence  of  restraint  of 
ivade.  He  stated  that  15  per  cent  profit  was  needed  in  normal 
times  to  provide  a  surplus  for  subnormal  times. 

Prof.  Adams  testified   that  in  any  industry  whose  product 
mlardized    (as    is    the    case   with   cement)    competition 
tends  to  effect  a  substantial  equality  in  market  prices  at  a 
nine   and   place.    He   quoted  many   economists   to   this 
effect.    Speaking  of  profits,  be  testified  that  the  national  banks 
of  America  had   averaged    yc   per  cent  annual  net  earnings 
pita]   and  surplus  during  the   past   45  years;    and 
that  an  industrial  company     bould  average   12  per  cent,  be- 
cause   of    the    greater    risks    and    wider    fluctuations    in    its 
business. 

titled  that  the  average  cost  of  building 

quipping  a  cement   plant   in   1919  was  $3.79  per  bbl.  of 

annual  capacity,  and  the  average  plant  bad  depreciated  about 

He;  that  the  rock  deposits  owned  by 

..  ( t    per  bbl    producible. 

on  these  <r.  ated  the  depreciated  value  of 

fondant  con  to  be  as  follows  In  1919: 

in:,;;  i 

Woi  ■  I  i  387,232 

The  of  these  companies  during  1919  and  1920 
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Business  of  Second  Half  Year  Equal 
to  That  of  First  Half 

The  following  weekly  summary  was  written  by  the  editor 
of  Engineering  and  Contracting  for  the  Chicago  Journal  of 
Commerce: 

Although  no  economic  problem  can  be  solved  without 
quantitative  or  statistical  data,  still  too  many  business  men 
base  important  decisions  on  "hunches,"  Instead  of  on  "fig- 
ures." Thus  it  Is  customary  with  a  large  fraction  of  adver- 
tisers of  construction  materials  and  machines  to  curtail  their 
advertising  during  the  lai  t  half  of  the  year,  because  they  are 
ignorant  of  the  fact  that  the  volume  of  contracts  awarded 
during  the  hist  ball  ol  the  year  usually  almost  equals  that 
of  the  first  half. 

During    the    year    1921    American    public    works    coir 
(other  than  buildings)  wore  as  follows: 

$364,051, 

6  months  324,228, 

Total  for  1!»21    $888,279,000 

Contracts   awarded    for   buildings    during   the  last   half  of 

1921  exceeded  by  one-third  the  building  contracts  awarded 
during  the  first  half,  as  shown  by  the  following  totals: 

First  6  months 81. 236.552, 000 

Last  0  months   1.614.835,000 

Total  for  1921   $2,851,387,000 

It  is  true  that  1921  was  somewhat  exceptional  in  that  a 
special  "drive"  was  made  to  relieve  unemployment  by  speed- 
ing up  construction  work.  But  while  this  had  some  effect  on 
public  works  contracts,  its  effect  was  inappreciable  on  pri- 
vate contracts.  Since  nearly  all  buildings  as  "private,"  it 
follows  that  the  excess  of  building  contract  awards  during 
the  last  half  of  1921  is  attributable  to  other  causes  than 
propaganda  to  relieve  unemployment.  Chief  among  these 
causes  were  two:  First,  the  substantial  drop  in  building  ma- 
terial prices  and  labor:  second,  the  progressive  increase  in 
shortage  of  residential  accommodations  in  most  growing 
cities. 

Since  there  is  still  a  great  shortage  both  in  residences  and 
in  public  works  (roads,  streets,  waterworks,  sewers,  etc.),  it 
is  probable  that  the  last  half  of  1922  will  also  exceed  the  first 
half  in  the  total  volume  of  public  and  private  construction. 
As  stated  last  week,  construction  for  the  first  five  months  of 

1922  was  practically  double  that  for  the  first  five  months  of 
1921,  measured  in  units  of  construction  material  and  days  of 
labor.  The  data  thus  far  available  for  June  show  a  continu- 
ance of  this  remarkable  construction  revival,  which  forecasts 
a  record  breaking  year. 

May  Structural  Sales  at  82  Per  Cent  of  Fabricating  Ca- 
pacity.— Sales  of  fabricated  structural  steel  during  May 
amounted  to  82  per  cent  of  fabricating  capacity,  according 
to  reports  made  to  the  Department  of  Commerce  by  firms 
comprising  70  per  cent  of  the  fabricating  capacity  of  the 
United  States.  The  May  business  reported  by  82  firms, 
having  a  capacity  of  130,600  tons,  totaled  106,620  tons  as 
against  April  sales  of  those  same  firms  amounting  to  121.211 
tons,  or  at  the  rate  of  93  per  cent  of  capacity.  Total  sales 
throughout  the  United  States,  based  on  the  reported  per- 
centage and  a  total  capacity  of  180,000  tons,  amounted  to 
146,900  tons  in  May.  while  revised  figures  for  April  give  a 
total  of  165,900  tons  The  April  figures  are  based  on  reports 
from  87  firms,  having  a  total  capacity  of  132,600  tons,  whose 
sales  amounted  to  122,198  tons,  or  at  the  rate  of  92  per  cent 
ol  capacity. 

Portland  Cement  Output  in  May. — Statistics  prepared  under 
the  direction  of  <;  i"  Loughlin  of  the  U.  S.  Geological  Survey 
show  that  ll,l76.iiiMi  bbl.  of  Portland  cement  were  pro 

in   May;   that   shipments  amounted   t<>  12,749, bbl.   and   that 

i_:.s:i7.< bbl.  were  In  Btock  al  the  end  ol  the  month. 

It, 
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Book  Review 


The    House-Owner's    Book. — By    Allen    L.    Churchill    and    Leonard 
Wickenden.    3SS  pp.    Funk  &    Wacnalls  C  bj   mall, 

postpaid. 

This  is  a  non-technical  book  by  authors  who  are  themselves 
not  members  of  any  of  the  building  trades  or  professions,  but 
who  have  from  choice  given  much  attention  to  homes  and 
home  making,  and  who  have  endeavored  to  present  in  at- 
tractive and  reliable  form  a  collection  of  matter  useful  to 
the  home-owner  or  the  prospective  builder  or  purchaser. 
While  it  is,  we  believe,  obvious  that  no  such  book  can  supply 
a  majority  of  any  particular  home-owner  s  needs  for  knowl- 
edge, there  is  no  question  but  that  the  present  volume  should 
be  of  very  great  value  to  many  persons  who  prefer  to  give 
substantial  attention  to  their  homes,  and  to  do  a  practical 
portion  of  the  ever-increasing  repairs  and  incidental  work 
connected  therewith,  instead  of  turning  all  such  matters 
over  to  others  hired  for  the  purpose.  A  few  of  the  many 
subjects  discussed  in  the  15  chapters  are  as  follows: 
Financing,  characteristics  of  good  construction,  elements  of 
carpentry,  heating  and  ventilating,  plumbing,  painting,  elec- 
tric wiring.  The  illustrations,  though  not  profuse,  are  very 
clear,  paper  and  type  are  excellent,  and  there  is  a  good  index. 


Aluminum  for  Engineering  Structures 

Several  pages  of  a  former  issue  were  devoted  to  a  digest 
of  a  very  remarkable  report  by  Messrs.  Rosenhain,  Arch- 
butt  and  Hanson  on  aluminum  alloys — namely,  the  eleventh 
report  to  the  Alloys  Research  Committee  of  the  British  In- 
stitution of  Mechanical  Engineers.  In  this  issue  a  brief 
account  of  the  most  remarkable  "Y"  alloy  is  given. 

Such  excerpts  give  but  an  inkling  of  the  material  contained 
in  the  original  report,  which  in  turn  is  little  more  than  a 
sketch  of  the  results  of  7  years'  work  by  a  staff  numbering 
at  times  as  high  as  thirty  investigators,  and  commanding 
the  unstinted  resources  of  the  British  scientific  laboratories. 
Truly,  systematic  researches  into  complex  alloy  systems 
have  become  most  prodigious  undertakings,  far  beyond  the 
imagination  of  the  sponsors  of  the  program,  started  over 
30  years  ago.  Yet  it  is  well  that  the  program  was  started 
so  early.  It  is  impossible  to  appraise  the  influence  which  the 
successive  reports  on  steels,  brasses,  bronzes  and  aluminum 
alloys  have  had  on  modern  technology — they  are  fundamental. 

Aluminum  alloys  of  high  strength  are  not  entirely  new. 
The  Germans  have  been  using  certain  of  them  called  "duralu- 
min" for  dirigibles  since  before  the  war.  British  and  American 
firms  have  also  been  manufacturing  duralumin  for  several 
years;  shop  practice  is  fairly  well  understood  and  many 
laboratory  studies  have  been  made  on  the  somewhat  bizarre 
occurrences  during  heat-treatment.  Duralumin  contains  3.75 
per  cent  copper,  0.5  per  cent  magnesium,  0.65  per  cent 
manganese.  The  present  report  extends  our  information  by 
recording  the  development  of  "A"  alloy,  containing  3  per  cent 
copper  and  20  per  cent  zinc;  "E"  alloy,  containing  2%  per 
cent  copper,  20  per  cent  zinc  and  0.5  per  cent  of  both  magne- 
sium and  manganese;  and  "Y,"  containing  4  per  cent  copper,  2 
per  cent  nickel,  1.5  per  cent  magnesium. 

These  newer  alloys  have  all  been  produced  in  quantity,  and 
the  peculiar  combination  of  properties  possessed  by  "Y"  alloy 
should  insure  its  extended  use  in  industry.  It  is  as  light  as 
aluminum,  yet  as  strong  as  soft  steel.  It  corrodes  at  an 
extremely  low  rate.  It  retains  its  strength  at  moderate  tem- 
peratures, which  fact,  coupled  -with  its  high  heat  conductivity, 
should  make  it  very  valuable  for  engine  cylinders  and  pistons. 
Furthermore,  it  has  a  high  endurance  limit;  that  is  to  say, 
"fatigue  failures"  after  oft-repeated  loadings  do  not  occur 
until  the  impressed  loads  are  well  up  toward  the  yield  point. 
To  appraise  this  particular  property  it  should  be  remembered 
that  it  is  more  difficult  to  add  1,000  lb.  to  the  endurance  limit 
of  a  metal  than  it  is  to  add  10,000  lb.  to  its  tensile  strength. 

We  need  not  expect  light  alloys  of  high  strength  to  be 
adopted  as  quickly  as  the  radio  telephone.  They  are  of  course 
indispensable  to  aircraft,  where  weight  is  a  very  great  con- 
sideration and  dollars  can  be  spent  to  save  a  single  pound. 
Engineers  and  designers  are  only  slowly  realizing  that  weight 
is  an  important  factor  in  all  moving  parts.  But  when  they 
are  able  to  convince  manufacturers  and  owners  that  it  is  well 
to  put  more  into  a  light  car  or  engine  and  save  on  its  subse- 
quent operation,  the  aluminum  alloys  will  still  have  to  over- 
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come  the  competition  of  heat-treated  alloy  steels,  relatively 
cheap,  very  strong  and  reliable. 

Although  we  can  say  with  much  assurance  that  light  metals 
and  alloy  steels  will  form  the  large  structures  of  the  future,  it 
would  be  vain  speculation  to  attempt  to  define  their  mutual 
relation.  The  best  that  scientists  can  do  is  to  show  that  such 
things  as  high-strength  alloys  exist;  metallurgists  then  dis- 
cover how  to  procure  the  raw  materials  cheaply  (and  here 
much  remains  to  be  done  for  aluminum)  and  produce  the 
alloys  economically  and  uniformly.  Engineers  must  then  show 
us  how  to  use  these  new  tools  of  civilization — even  to  devel- 
oping an  entirely  new  technique  of  design. — Editorial  in 
Chemical  and  Metallurgical  Engineering. 


Stresses  in  Skew  Arches 

Little  information  concerning  the  distribution  of  stresses 
in  skew  arches  has  hitherto  been  available  to  the  designing 
engineer.  It  has  consequently  been  assumed  by  many  that 
the  skew  arch  may  be  treated  in  the  same  manner  as  the 
right  arch,  assuming  the  span  to  be  the  distance  face  to 
face  of  abutments  measured  parallel  to  the  center  line  of 
the  roadway.  This  is  the  method  outlined  by  Rankine  and 
many  other  writers  since  his  time. 

Many  instances  of  behavior  of  skew  arches  contrary  to  the 
assumptions  of  this  theory  are  now  known  to  the  profession. 
Some  20  years  ago  a  large  skew  Monier  arch  collapsed  in 
Australia  with  loss  of  life.  An  investigation  conducted  by 
Prof.  W.  C.  Kernot,  of  the  University  of  Melbourne,  estab- 
lished beyond  doubt  that  the  commonly  accepted  method 
of  calculating  skew  arches  was  seriously  in  error.  Certain 
recommendations  were  made  by  him  for  thickening  up  both 
the  arch  ring  and  the  abutment  at  the  obtuse  angle  of  the 
arch,  or  -what  is  the  same  thing,  at  the  acute  angle  of  the 
abutment.  These  recommendations  wrere  based  on  the  ascer- 
tained fact  that  there  was  a  great  concentration  of  stress 
along  the  short  diagonal  of  the  horizontal  projection  of  the 
arch  and  that  the  thrust  per  lineal  foot  of  abutment  was 
much  more  intense  at  the  acute  angle  of  the  abutment  than 
near  the  obtuse  angle. 

Recent  investigations  made  by  Prof.  Clyde  T.  Morris  of 
the  Ohio  State  University,  and  described  by  him  in  Engineer- 
ing News-Record  substantiate  the  general  conclusions  arrived 
at  by  Professor  Kernot  and  others.  A  model  skew  arch  of 
4-ft.  span  and  3-ft.  length,  skewed  at  45  deg.  was  constructed 
and  tested  under  various  loadings.  Both  the  vertical  and 
horizontal  components  of  the  resultant  reaction  were  meas- 
ured by  means  of  specially  devised  springs  and  it  was  found 
that  these  resultant  components  act  very  near  the  obtuse 
angle  of  the  arch.  Indeed,  observations  showed  that  there 
was  even  indication  of  a  slight  uplift  at  the  acute  angle. 

The  investigations  of  Professor  Morris  will  be  welcomed 
by  engineers  who  have  had  to  design  and  report  upon  skew 
arches  with  a  somewhat  unsatisfactory  amount  of  data  at 
their  disposal.  Appreciation  of  the  actual  stresses  existing 
in  structures  will  be  greatly  facilitated  not  only  by  the 
laboratory  experiment  mentioned  above,  but  also  by  the  prac- 
tical observation  of  stresses  in  the  skew  arches  of  two  bridges 
over  the  Scioto  River  in  Columbus,  O.,  now  being  carried 
out  by  Professor  Morris.  While  the  indication  of  the  tests 
of  models  is  definite  and  pronounced,  the  results  of  tests 
on  actual  structures  of  full  size  will  carry  greater  conviction 
with  practicing  engineers. — Editorial  in  The  Canadian 
Engineer. 


Slate  Producers  Organize  National  Association. — At  a  meet- 
ing of  the  slate  producers  of  this  country  at  New  York  City 
on  April  20,  a  national  organization  was  established  for  the 
purpose  of  extending  and  promoting  the  use  of  slate  prod- 
ucts. The  executive  committee  which  will  formulate  all 
details  of  the  organization  consists  of  Wm.  H.  Keenan,  Ban- 
gor, Pa.,  chairman;  G.  H.  Shfnville,  Fairhaven,  Vt.;  N.  M. 
Male,  Pen  Argyl,  Pa.;  Roscoe  C.  Berlin,  Slatington,  Pa.;  F. 
C.  Sheldon,  Granville,  N.  Y.;  E.  R.  Norton,  Granville,  N.  Y.; 
G.  F.  Barnard,  Boston,  Mass.;  A.  H.  Morrow,  Treasurer, 
Pawlet,  Vt.;  W.  S.  Hays,  Secretary,  Philadelphia,  Pa. 


Quantity  Survey  Office  Established  at  Milwaukee. — The 
Associated  Engineers,  Incorporated,  is  the  name  on  an  or- 
ganization headed  by  F.  W.  Ullins,  Jr.,  Wm.  E.  Skinner  and 
R.  M.  Kibbe,  established  this  month  in  Milwaukee,  Wis.,  for 
the  purpose  of  conducting  quantity  surveys  and  correlated 
work. 
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bureau   at    the   Inception   of   II 
•  'i    index   numbers   In    1913.    It 

lumber  prices  in  other  and 
sntative  localities  tor  those   prevlou  i     obtained 
in  the  New  York  market.    In  all  such  cases  the  new  prices 
:  led  back  to  1913. 
in  addition  to  the  changes  w  Itfa  respi  ct  to  lumber,  structural 
md   a  number  of  other    Important    building   materials 
ly  Included  in  the  index   have   been   Introduced 
into  ti  ndex  number  and  i  ck  to   1913,    A 

■I-,. n  of  the  articles  in  the  old  and  new  Index  numbers 
Hows: 
Old  Series.— Brick,  Chicago;  brick,  Cincinnati;  brick.  New 
York;    Portland   cement,   mill;    plate  glass    (2    series),   New- 
York:    win.].  spruce    lath,    New 
lime,   plant;    Douglas   Br    (2   Berles),   mills;    hemlock, 
New    York;    maple,    New    York;    plain    White   oak.    New    York; 

quartered  oak.  New  York;  white  pine.  New  York;  yellow  pine 

flooring,    N.  «    York;    North   Carolina   pine,   Norfolk;    poplar, 

fork;  white  lead,  New   York;  linseed 

oil.  New  York;  turpentine,  New  York;  zinc  oxide,  New  York; 

putty,  New  Y..rk;   rosii  fork;   cypn    s  Bhingles,  mills; 

■       29  price  series. 

New    Series. — (a)    Luml  ;lae    lir    (2    Beries),    mills; 

gum.  St   Louis;   hemloi  maple,   Chicago;    plain 

Cincinnati;    white  pine,  liuffalo;   southern  yellov 

pine    flooring,   mills:    south,  rn    yellow    pirn  mills; 

Cincinnati;  spruce,  Boston;   yellow    pirn    lath,  mills; 

shingles,  mills;  red  cedar  shingles,  mills;   ibi  brick. 

average  of  82-yd.  prices;  (c)  structural  steel,  Pittsburgh;   (d) 

Portland  cement,  averagi    ol  6  plant  |  stone, 

22  plain   prices;   hollow    tile, 

Chicago;    lime,  average  of   15   plant   prices;    sand,  average  of 

26    plant   prices;    slate,   quarry;    plate  glas  |,   New 

York;  window  glass  (2  series),  works;  linseed  oil,  New  York; 

fork;   rosin.  New  Fork;   turpentine,  New  York; 

.  .  ast-iron  pipe, 

beet  copper,  New  York;   copper  wire,  mill;    lead 

New   York;    wire   nails,    Pittsburgh;    reinforcing    bars, 

■gh;    rooting   tin,    Pittsburgh;    and   sheet   zinc,   mill— 

11   price  sei  ■ 

des  the  substitution  of  lumber  prices  in  other  localities 

in   plai  ■■•    York  CitJ  .,,  of  a 

of  new  articles  h  the  figures  have 

l    revised    by    the    use    ol    the    l 'e    recent   1919 

■  ightlng  pur,.  L909  data 

e  of  ■  .  the 

apprei  lab!  i   affected 

..i     lumber 
ich  smaller    i 

ni""'"  Ices  of  all  building  materials 

for  all  j  d  in  thi   tabli  ..ws:» 
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Index    Numbers       1921    and    1922       Original    and 

Revised 

The  table  of  index  numbers  from   1913  to  date  completely 

ding  explanation  has  not 

yel  been  received  at  this  office,  but  it  is  hoped  that  it   win 

be  available  for  our  i  month   hence     We  print 

i  ..  ...  is.  and  such  

paratii  e  flgun  bli    tor  prei  loue  months,    it  is 

'"  be  noted  that  not  onlj    have  revisions  been   made 
points  ol   quotation  and   In   the  items  selected,  but   ti 

d  now   total    104  e     against  827  on  the  old  basts, 

while  the  quantities  now   j  ed  are  those  for  the  year  1919  as 
reported   In  the  cen  u      i        id  ol   the   1909  quan 
ouslj   used. 
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Standardized  Contracts 

Some  advantages  ol  standardized  contracts  for  construc- 
tion were  pointed  out  by  Frank  M.  Gunby  of  Charles  T. 
Main,  Industrial  Engineers,  Boston,  Mass..  in  an  address 
before  the  Huston  Society  of  Civil  Engineers.  Mr.  Gunby's 
remarks  follow  in  part: 

A  standardized  form  of  contract  is  desirable.  My  experi- 
ence with  the  administration  of  the  emergency  construction 
contract  during  the  war  convinces  me  that  this  is  so.  That 
contract  was  used  by  the  Construction  Division  for  its  work 
all  over  the  country,  covering  a  vast  range  of  kind  and 
amount  of  construction  work,  Through  the  use  of  one  stand- 
.i   contract   tor  all  of  its  work,   it   was  possible  to  get 

under    way    s| dih.    plete    the    work    at    costs    for    fees 

which  were  unusuall]  low,  and  then  to  make  settlements 
In  practically  all  cases  In  a  comparatively  short  time  after 
the  end  of  the  job.  Compared  to  the  time  required  to  make 
ettlements  on  similar  projects  executed  under  contracts 
which  were  not  standardized,  the  records  for  speed  made  with 
the  standardized  contract  were  remarkable. 

In  order"  to  be  adopted  as  a  standard,  the  contract  should 
be  fair  to  both  Bide  and  should  be  in  substantial  agreement 
with  existing  practices,  as,  otherwise,  the  adopted  standard 
will  not  be  commonly  used. 

Contracts  are  interpreted  by  ordinary  men  and  the  inter- 
pretation is  about  as  important  as  the  wording  of  the  con- 
itself.  For  this  and  many  other  reasons  a  contract 
should  be  short  and  simple. 

If  we  are  to  have  a  standardized  contract,  it   Is  important 
to  get  as  good  a  standard  as  practicable  adopted  after  a  rea- 
onable  amount  of  discus,  [on  and  then,  if  necessary,  to  make 
improvements  as  we  go  along  in  practice. 


Building  Construction  in  Chicago.  Building  permits  taken 
out  for  the  flrsl  IB  da  ■•  ol  June  totaled  In  round  nui 
$15,340,000,  indicating  that  the  month  will  smash  the  high 
value  record  established  for  Chicago  In  Maj  by  more  than 
$3,000,000.  The  May  total  of  $27,029,650  broke  all  monthly 
records  in  the  city's  building  history,  At  the  same  time, 
property  reported  to  the  Citizens  Committee  to  Enforce  the 

l.andis    Award    as    beln       COH    Iructed    on    that    basis    reached 

the  $7.r.,ooo.fMiii  mars  another  high  record.  The  Landli 
Award  con  trUCtlon  i:  "i  every  type  from  the  tram  concourse 
and  foundations  Of  the  new  union  depot  to  small  bungalows 
of  which  one  Land  I  \ward  contractor  has  nearly  a  million 
dollars'  worth  nnd<  i  const] action. 
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Unusual  Engineering  Forces  As  Design  Problems 

A  Discussion  of  the  Forces  Resulting  from  High  Winds,  Storm  Waves,  Ice 
Packs  or  Jams,  Earthquakes  and  Geological   Changes 


i<: 


CHARLES  EVAN  FOWLER, 


The  engineer  ordinarily  designs  his  structures  to  resist  the 
application  of  common  and  well  known  forci  iucb  as  the 
weight  of  the  materials  from  which  thi  structure  is  to  be 
built;  the  live  load  it  is  to  carry,  consi  ol   people,  vehi- 

cles  or   trains,   temperature;    and   ordinarj    wind    pre 
This  is  usually  correct  for  the  average  structures,  located  in 
cted  locations,  or  where  they  will  not   be  subjected  to 
extraordinary   natural   forces.     These  unusual   forces  may  be 
covered  by  the  general  terms  of  high  i  waves,  ice 

packs  or  jams,  earthquakes,  and  geological  changes. 

The  unusual  or  high  winds  are  those  of  great  velocity,  be- 
yond 80  miles  per  hour;  the  tornado;  the  monsoon:  the  ty- 
phoon: cyclone;  and  the  hurricane.  Storm  waves  are  those 
produced  in  rivers,  lakes,  estuaries,  and  oceans  by  high  winds 
up  to  SO  miles  per  hour  and  beyond.  Ice  packs  or  jams  are 
produced  by  the  pressure  of  great  fields  of  ice,  or  the  great 
jams  formed  by  the  breaking  up  of  sheet  ice  and  its  piling 
up  in  channels  or  straits  by  currents,  winds,  and  waves.  The 
earthquake,  while  given  a  separate  classification,  is  in  reality 
one  of  the  most  destructive  of  geological  forces,  being  caused 
by  the  sudden  readjustment  of  the  earth's  crust.  Geological 
forces  as  ordinarily  classified  are  the  scouring  due  to  cur- 
rents and  waves,  and  the  changes  in  cliffs  and  strata  due  to 
disintegration  from  various  causes. 

Wind  Pressure. — The  usual  wind  pressure  considered  in  de- 
signing ordinary  structures  is  30  lbs.  per  square  foot,  or  that 
caused  by  a  wind  having  a  velocity  80  miles  per  hour  or  less. 
Winds  having  velocities  of  50  miles  per  hour  are  considered 
hard  storms,  those  of  55  to  75  miles  verj  hard  storms,  and 
those  beyond  this  as  tornadoes,  monsoons,  typhoons,  cyclones. 
and  hurricanes.  Tornadoes  are  very  severe  inland  storms; 
severe  sea  storms  are  termed  cyclones  or  hurricanes  in  the 
Carribean  Sea  and  Gulf  of  Mexico  territory,  cyclones  or  mon- 
soons in  the  Indian  Ocean,  and  cyclones  or  typhoons  in  the 
Western  Pacific  Ocean. 

The  formula  long  used  in  calculating  wind  pressure 
from  the  velocity  is  that  of  Smeaton  propounded  in  1759. 
P  =  0.005  V,  in  which  P  is  the  pressure  in  pounds  per  square 
foot  and  V  is  the  velocity  in  miles  per  hour.  Due  to  the  fact 
it  gives  somewhat  higher  values  than  modern  more  exact 
formulas,  it  is  the  proper  one  to  use  where  the  engineer  pre- 
fers to  provide  for  contingencies  or  to  have  results  on  the 
side  of  safety.    The  more  exact  formula  of  the  United  States 

B 
Weather  Bureau  is  P  =  0.004  —  V,  in  which  P  and  V  are  as 

30 
above,  and  B  the  barometric  reading  in  inches;   and  becomes 
P  =  0.004  V  for  a  barometric   value  of  30.0   in.     Where   the 
barometer  reading  was  28.15  in  the  terrific  hurricane  of  Sep- 


ti  mbei  1916  on  the  < ; u 1 1  of  Mexico,  thi  mula  would  resolve 
Into  I'  0.00375V,  and  with  the  maximum  wind  velocity  of 
i  (0  miles  per  hour,  would  give  a  pi  74  lbs.  per  square 

foot.     The   Smeaton   formula   would    give   98   lbs.    per  square 

i   tor  the  same  velocity,  or  provide  to  some  extent  for  the 

probable  impact  of  sudden  «usts  of  such  high  velocity. 

The  pressure  gages  used  for  recording  wind  pressures  at 
tin-  Forth  Bridge  in  Scotland,  gave  a  maximum  of  41  lbs.  per 
square  toot,  although  56  lbs.  was  the  value  used  in  designing, 
which  was  also  the  same  as  was  used  for  the  Firth  of  Tay 
bridge  as  redesigned  and  rebuilt  after  the  blowing  down  of 
the  original  structure.  The  wind  velocity  or  gust  of  140 
miles  per  hour  at  Burwood,  La.,  in  the  September  1915  hur- 
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ricane  is  probably  as  great  as  has  occurred  anywhere  in  the 
world.  The  steady  blow  did  not  exceed  128  miles  per  hour. 
The  highest  velocity  recorded  off  the  Pacific  Northwest  Coast 
is  90  miles  per  hour,  and  at  Detroit.  Mich.,  87  miles  per 
hour.  The  writer  used  a  velocity  of  125  miles  per  hour  in 
calculating  this  eccentric  pressure  on  the  foundations  for 
the  Tacoma  Smelter  Chimney  of  about  600  ft.  height,  at  Ta- 
coma.  Wash.,  to  provide  against  sudden  gusts,  and  about  the 
same  value  was  used  for  a  large  chimney  in  Montana.  The 
conclusion  most  logical  and  undoubtedly  safe,  is  to  assume  a 
maximum  velocity  of  125  miles  per  hour  for  the  most  lofty 
structures  or  for  very  important  structures,  in  the  most  ex- 
posed localities.  The  high  values  for  some  of  the  most  se- 
vere of  the  hurricanes  on  the  Gulf  of  Mexico  are: 


Figs.  2,  3  and  4. — Three   Methods  of  Plotting   Records  of   Prevailing    Direction   and    Intensity   of  Winds. 

i  117 


608 


eering  and  Contracting   foi   June   28,    1922. 


<  W.U 
:  l.l.s 

41  SO 

74 

60  40 

24 
following   .  ads    is    taken   from   the 

Bean  :   r  Winds 

Vi  locity, 
miles  per  hour. 

n 

7 

2  denotes  liBht   breez.  II 

- 
stronj   bre  .-■ 

■ 

56 

70 

84 

Thi-  records  made  at  any  harbor  as  to  the  prevailing  direc- 
tion ami  Intensity  ol  triads  n  t<  i  In  one  ol  the  three 
forms  shown  as  Figs.  8,  3  and  I  Figure  -  shows  how  the 
frequency  ordinates  may  be  sel  off  from  the  center  and  the 
Intensity  ordinate*,  then  set  off  from  this  Frequency  curve 
Figure  3  shows  the  method   <  i    the    tr.iiu.  i 

from  the  center  and  the  maximum  Intensity  ordinates 
from  the  circumference,  the  Ing  con- 

nected  in  a  curve  as  in  the  ami   the   intensity 

ordinates  shown  by  heavy  lines.  Figure  4  lias  the  frequency 
ordinates  set  off  from  the  center  and  the  Intensitj  ordinates 
in  radial  lines.  Each  method  has  its  advantages,  but  either 
one  shows  the  record  plainly. 

Thi-  design  of  any  structure  to  withstand  such  high   wind 

ires  must  be  most  seriously  studied.     The  relative  re- 

.•  offered  by  various  shaped  pieces  used  for  structures, 

assuming  a  flat  plate  is  loo.  is  for  a  square  member  95  per- 

for  a  square  member  eornerwise   .79;    for  a  circular 

ni'-mber  .67;   for  a  diamond  with  thin  edge  to  wind  .25;  for  a 

triangular  member  with  face  to  wind  .71.  with  apex  to  wind 

41'.  and  with  base  parallel  to  wind  .59;   for  a  sphere  .36;  and 

a  60  degree  cone  54  percent.    Where  two  circular  plates  of  2 

in.   diameter   were    Beparati  1    1.5    diameters   apart    the   total 

pressure  was  only  7.".  perci  i.i   ol   that  for  one  plate;   at  2.15 

diameters  apart  it  was  equal  to  the  pressure  on  one  plate; 

while  at  5  diameters  it  was   1  7S  times  the  pressure  on  one 

plate. 

The  area  presented  to  the  wind  by  a  riveted  300  ft.  span 
truss  bridge  of  usual  design,  would  be  about  22.7  sq.  ft.  per 
lineal  foot  of  bridge,  considering  the  pressure  on  the  leeward 
truss  as  eight  tenths  that  on  the  windward  truss.     However 
by  designing  such  a  length  span  with  circular  top  chords  and 
eye   bar  bottom   chords,   and    lattice   floor  beams   and 
stringers,  the  area  per  lineal  foot  of  span  would  be  cut  to  10.7 
or  a  reduction  of  over  B0  percent.     This  is  near  the 
■ical   extreme  of  possible  results,  but  is  an  indication 
how  thought  can  be  profitably  expended. 
Wave    Pressure.-  Th.'    pressure   of    waves    may    be   due   to 
of  translation  near  a  shore,  or  to  oscillatory  waves  off 
where  only  one  half  of   the  energy  is   transmitted  for- 
ward with  the  wave  form,  and  may  affect  such  structures  as 
light  houses  built  some  distance  from  shore,  with  a  force  as 
is  from  600"  I  lan    toot.     The  greatest 

■son  was  6083  lbs.  near  Tyree  Island 
'ish  coast.  The  calculated  effect  of  a  wave  42  ft. 
DO  ft.  long  i  r  square  foot,  but  waves 

ol   thi       The  height  of 
'  in  the  Bay 

i    Hum  50  to  60  ft.  max- 
and  about   thi-  sami    i'  or  up  to  50  ft.  in 

th"    North    Atlantn  p   to   80 

this  was  most  likely  fro 

dash  up  t"  a  height 
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w.v.  t  harbor  and 

I,  tin-  Engll 
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translation,  where 
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it.  carrying  waves  of  translation  on  its  crest,  even  for  the 
short  fetch  of  15  or  It;  miles  across  th"  very  shallow  bay,  the 
waves  reached  a  height  of  from  i<>  ft.  to  u  ft!  Such  waves 
may  strike  a  maximum  blow  of  from  3000  to  4000  lb.  per 
square  foot.  Their  greal  velocity  and  destructiveness  has 
caused  writers  to  describe  then  combined  action  as  a  tidal 
wave!  The  writer  doubts  if  a  true  or  real  tidal  wave  has 
ever  occurred  during  any  of  the  Gulf  hurricanes.  The  fact 
■     positively      '  such    low    barrier   islands   and 

shallow  waters  as  occur  off  Corpus  Christ  i  and  other  Gulf 
localities  are  not  a  protection  that  can  be  depended  upon. 

The  waves  off  the  open  Bhore  at  Peterhead  in  North  Britain 
ridently  bran  formed  into  waves  of  translation,  as 

on  Feb    1.".  and   If,.  1: with  a  wind  of  from  50  to  89  miles 

per  hour  and  in  water  only  from  60  to  65  ft.  deep,  the  waves 
rose  to  a  height  of  22.5  ft.  above  still  water  level,  or  a  total 
wave  height  of  over  30  ft  .  possibly  over  40  ft. 

The  writer,  on  Dec.  14.  1920,  was  crossing  the  Detroit  River 
by  terry  at  in  o'clock  a.  m.,  and  found  a  very  high  wind 
Mowing  directly  up  tie  river  at  the  time,  and  very  high 
waves  running  in  about  40  ft.  of  water  and  with  a  fetch  of 
only  between  2  and  3  miles.  The  velocity  of  the  wind  was 
found  by  a  visit  to  th"  Weather  Bureau  afterwards,  to  have 
been  54  miles  per  hour  and  waves  were  observed  on  the 
sides  of  a  scow  being  towed  in  midstream,  of  from  6  ft.  in 
height  to  over  7  ft.  Dpon  my  return  at  12:00  noon  the  wind 
velocity  bad  increased  to  60  miles  per  hour,  and  waves  were 
observed  from  7  ft.  to  v  ft.  high,  which  height  was  verified 
by  an  engineer  associate  along  with  me.  It  is  interesting  to 
note  that  the  writer  weighing  200  lbs.  could  just  walk  against 
the  60  mile  wind,  and  that  be  saw  a  lady  blown  off  her  feet. 

The  account  of  the  Sept.  29,  1915  hurricane  speaks  of 
swells  of  from  10  to  12  ft.  running  on  the  Mississippi  River. 
Russell  records  that  he  never  saw  waves  10  ft.  high  in  10  ft. 
of  water,  nor  20  ft.  high  in  20  ft.  of  water,  although  he  had 
seen  waves  approach  very  nearly  to  those  limits. 

The  observations  of  many  observers  as  recorded  by  John- 
son lead  him  to  say  that  when  waves  run  into  shallow  water 
they  seem  to  awaken  into  new  life,  crowding  closer  together 
and  increasing  in  height  until  they  break;  likewise  waves 
running  against  a  current  increase  in  height.  Such  waves 
of  translation  transmit  forward  their  full  energy,  while  as 
stated  only  one-half  of  the  energy  is  so  transmitted  by  oscil- 
latory waves. 

The  highest  recorded  storm  tide  on  the  Gulf  Coast  was  of 
16  ft.  in  1919  near  Corpus  Christi;  one  of  9.8  ft.  in  Lake 
Borgne  near  the  Rigolets  or  the  entrance  to  Lake  Pontchar- 
train,  and  one  of  13  ft.  near  Frenier  at  the  western  end  of 
Pontchartrain.  The  amount  of  water  that  passed  in  and  out 
of  Pontchartrain,  must  have  amounted  to  nearly  90  billion 
cubic  feet!  The  great  maximum  velocity  of  this  is  evidenced 
by  the  way  in  which  it  tears  out  great  areas  of  the  marshes. 
The  height  to  which  structures  must  be  raised  to  clear  such 
maximum  storm  tides  as  lfl  ft.,  carrying  wave  crests  9  ft. 
above  such  level,  is  thus  clearly  shown,  and  if  such  a  clear- 
ance is  impossible,  then  as  stated,  the  design  of  structures 
must  be  such  as  to  largely  nullify  the  wave  force. 

The  force  of  waves  of  translation  may  be  expended  against 
sea  walls,  breakwaters,  or  piers  in  two  ways,  by  tin-  resultant 
direct  pressure  against  a  flat  surface;  or  partly  by  direct  pres- 
sure and  partly  by  the  Impact  from  the  splash  of  tin-  wave. 
The  diagram  Fig.  5  shows  the  wave  force  obtained 
nomometer  readings  at  Negropoinl  breakwater,  St.  John, 
Canada.  The  maximum  observed  pressure  was  4000  I 
square  foot,  with  the  torm  tide  at  the  level  of  the  dynom- 
ometer.  The  computed  height  of  the  wave  was  12  ft  .  the  as- 
sumed  center  of  pressure  was  1  ft.  above  LAV.  storm  tide  or 
3.2  ft.  above  II w.  O.S.T.,  and  the  assumed  pressure  of  the 
storm  wave  per  lineal  foot  of  the  wall  40,000  lbs. 

The  fi  hing  wave  la  given  bj   Prof.  I-uiggi,  the 

nl    Italian  authority,   In   the  following  data  as  derived 
from   ol  Thi    i  "were   made  on  waves   from    19.6 

to  22.75  ft.  in  height  and  dashing  In  jets  up  to  65  ft.  high. 

Bi  Ion  32  25  fj 

Bi  low  .  .19.6     ft.  =  1,34 

Below  -•  a   lev(  I  13.0     ft 

Si  a  level 



Above  sea  level  32.26  ft.  =  4. 26 

This  type  of  wave  force  is  shown  graphically  in  Fig.  6  by  the 
solid  lni".  or  for  a  I"  it  dashing  wave,  while  the  dotted  line 
gives  values  for  a  15  It  dashing  wave  as  plotted  by  com- 
parison. 
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The  height  of  waves  may  be  compute.;   from  the  formula: 

Height       1.5   V  ~F+  (2.5  l-'i 

In  which  F  is  the  fetch  for  short  distance   wind   action   in 


[son  of  ob- 


nautical  miles.   The   following  list  gives 
served  and  computed  values: 

Location.  V  In  i 

Scalpa    Flow    1.0 

Firth  of  Forth    1.3 

Detroit   Rivrr'    :i" 

tivei       9.0 

Lough  Foyle   • 11 ." 

Corpus  Christ  It   16.0 

Anslruther   24.0 


This  formula  is  shown  graphically  in  Fig    7.  but  under  actual 
conditions  that  may  exist,  the  values  shown  may  be  exceeded 
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Fig.   5. — Pressure   Record   of  Waves  at   Negropoint   Breakwater. 

by  from  25  to  50  percent,  as  noted  for  Scalpa  Flow,  Detroit, 
and  Corpus  Christi.  The  actual  values  for  any  given  locality 
may  have  been  recorded,  or  it  may  be  possible  to  make  rec- 
ords previous  to  the  designing  of  the  structure;  but  if  the 
calculated  value  must  be  used,  then  the  structure  must  have  a 
factor  of  safety  great  enough  to  provide  for  a  force  at  least 
50  percent  greater  than  the  calculated  one. 

The  form  of  the  structure  is  most  important  in  that  it  must 
offer  the  least  possible  resistance  to  the  waves.  The  Gal- 
veston sea  wall  is  an  example  of  this,  but  in  making  a  curved 
face  there  must  be  a  reverse  curve  at  the  top,  so  that  the 
■water  will  not  dash  up  vertically  and  cause  damage  by  the 
drop  of  the  tons  of  water  falling.  Likewise  there  must  be 
no  joints  or  horizontal  offsets  or  the  lifting  force  of  the  wave 
must  be  accounted  for  in  designing.  The  design  of  bridge 
piers  to  resist  waves  must  be  such  as  to  offer  small  re- 
sistance, and  while  a  cut-water  formed  by  arcs  of  circles  on 
an  equilateral  triangle  is  good,  a  pier  of  elliptical  cross  sec- 
tion is  better.  Sea  walls  may  be  so  designed  as  to  cause  the 
water  from  a  wave  to  fall  back  practically  dead,  and  protec- 
tive devices  may  be  used  for  the  protection  of  bridge  piers 
and  other  structures. 

Ice  Pressure. — The  pressure  of  ice  jams  in  rivers,  straits, 
estuaries,  or  often  the  pressure  of  ice  packs  must  be  taken 
account  of  in  designing  engineering  structures.  The  pressure 
of  moving  ice  in  rivers  where  ice  is  likely  or  sure  to  run,  may 
be  ordinarily  taken  at  300  lbs.  per  square  inch,  but  on  the 
St.  Louis  bridge  it  was  figured  at  600  lbs.  per  square  inch  on 
the  area  estimated  to  be  covered  by  the  crushing  ice.  The 
ice  may  jam  down  to  the  bed  of  the  river,  so  that  the  re- 
sultant pressure  from  ice  jams  or  even  log  jams  will  prob- 
ably be  that  due  to  the  hydrostatic  pressure  on  a  bridge  pier 
and  half  spans  on  either  side,  from  the  hydrostatic  head  due 
to  the  difference  in  the  elevation  of  the  water  above  and  be- 
low the  bridge. 

The  specifications  for  highway  bridges  of  the  Ohio  High- 
way Department,  considers  "the  force  of  floating  ice  upon 
structures  subject  to  it,  shall  be  taken  as  30  tons  per  foot  of 


width  exposed,  aa  measured  at  righl  angles  to  the  direction 
of  flow,  it  shall  be  taken  as  actiup;  at  an  elevation  above 
low  wat.r  stage  equal  to  at  least  two-thirds  of  the  difference 
between  high  and  low  water."  Where  the  ice  conditions  are 
very  Bevere,  II  la  more  than  likely  that  it  will  be  difficult  to 
arrive  at  any  exact  hasis  for  calculations,  and  the  judgment 
.■I  the  engineer  must  govern.  However  it  is  unlikely  that  in 
any  case  it  will  be  necessary  to  exceed  the  provisions  of  the 
piers  constructed  for  the  Victoria  bridge  at  Montreal,  by 
Robert  Stephenson,  which  have  withstood  the  most  severe 
Ice  I  ressures  of  over  60  years.  The  safe  method  is  to  con- 
sider the  pressure  as  acting  at  ti  .  ater,  as  ice 
usually  goes  out  on  a  big  rise  in  the  river. 

Th)  pressure  from  ice  packs  or  great  crowding  fields  of 
ice  has  never  been  recorded,  but  from  moving  pictures  show- 
ing ships  being  forced  vertically  upwards  by  the  wedging  action 
on  the  bottom  slope  or  dead  rise  of  a  vessel,  it  is  fair  to  assume 
the  pressure  to  be  much  greater  than  for  an  ice  jam.  As- 
suming the  force  of  the  couple  gripping  the  ship  to  be  that 
from  a  vise  like  action  over  a  height  of  20  ft.  of  the  sides  of 
the  ship,  we  must  conclude  that  the  force  may  reach  double 
that  previously  stated  or  1,200  lb.  per  square  inch.  Such 
action  may  occur  in  the  case  of  bridge  piers  for  bridges  across 
lakes  or  bays,  or  similar  isolated  structures,  but  not  in  the 
case  of  sea  walls  or  breakwaters. 

Earthquakes. — The  destructive  force  from  earthquakes 
may  be  that  from  the  quake  itself,  or  from  a  resultant  tidal 
wave  on  the  adjacent  ocean,  in  which  case  the  preceding 
discussion  as  to  wave  force  would  apply.  The  earthquake 
consists  of  a  wave  action  of  the  earth's  crust  accompanied 
by  more  or  less  of  a  twisting  motion.  The  force  of  such 
twisting  or  torsion  is  small  and  may  be  disregarded  in  a 
well   designed   structure.     The    wave    being   of  great  length, 
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DISTR/BUTIOM  OF  WAVE  PRESSURE. 
Fig.  6. — Distribution   of   Pressure  of  Dashing   Waves. 

its  vertical  action  is  comparatively  small  as  well,  but  is 
destructive  enough  to  break  lines  of  water  pipe,  tunnels,  or 
other  structures  crossing  fault  lines.  Where  it  is  absolutely 
necessary  to  cross  a  fault,  then  the  structure  must  be  so 
designed  as  to  either  make  breakage  unlikely,  and  in  event 
of  a  break,  easy  to  repair,  temporarily  at  least. 

The  most  destructive  feature  of  earthquakes  is  the  hori- 
zontal motion  or  rapid  oscillation,  and  anyone  who  has  been 
through  one  knows  the  "feel"  of  this,  and  the  effect  from 
hearing  window  heights  hammer  back  and  forth.  The  re- 
sultant effect  on  a  structure  is  similar  to  that  from  wind,  and 
it  is  possible  that  any  structure  designed  for  a  full  wind 
load  will   withstand   quite   severe   earthquake   shocks.     How- 
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than  from  ;i  force 
erj  quick  reversal     The 
..ii.l  be  madi    i  material  and  (le- 

nd ,i>  light  In  the  upper  por- 

ad  no  hern  j  or  com  •  uld  be  placed 

aloft      Heavy    concentrated    foundation     arc    best,   and    the 
smut  •    firmly  and   completely  anchored   to  them 

In  an  i  lastic  mam 

examination    ol    ..  uspenslon    bridge    with 

that     the    increase   of 

.1  beatrj   she.  .    would  not  be  dangerous  In  any 

•    but  that  tin'  deU  truction  required  special 

throughout     This  was  on  the  basis  of  a  Bhock  having 

a.,  |  acci  ei  at  Ion  of  LO 

ind,  and  a  lateral  force  equal  I 


Fig.   7.— Height   of   Waves   for   Short    Fetch. 

he  horizontal  shear 
i,.w.  r  was  found  to  be  less  than  half  that 
wind   load,  and   the  uplift    on  the   windward  side  only 
about  1 1 

Geological    Forces.— The   natural   changes   of   a   foundation 
r  piers  in  a  river  du  irin>j  out  of  the  bottom 

may  [.rove  to   be  a  very  dangerous  matter,  and  can  only  be 
n   bj    a  careful  study  of  records  if  they  exist,  or  by 
.■rings  at   Int  that   the  geological  cross 

section    can    be    completed    and    the    lowest    stable    stratum 
med.      Should    the    bed    Of    the    stream    scour    deeply, 
much  of  the  allowance  that   m  i  D  made  from  skin 

friction  on  the  pier  would  be  nullified,  water  might  get  under 
the  bottom  of  the  pier  and  causi  a  dangerous  uplift,  especially 
when    combined    with    thi  overturning    forces    that 

would   act   on   the   pier   in   the   deeper   water.     The   filling   in 
of  dredged  channels  or  harbor  basins,  due  to  the  solid  mate- 
rial  carried   into  them  by   rivers   may   easily  result   in   their 
ruination   practically  or   in  B    financial   way.     Rivers   that  are 
nnels  may  till  up  so  rapidly  as  to  make  the 
■  ontinual  dredging   prohibitive. 
The  currents  induced  bj   winds  and  waves  in  the  mouths  of 
or  estuaries  may   become  of  very  serious  concern,  in 
Dg  the  scouring  out  of  foundations  for  piers,  seawalls, 
or  other  structures. 

The  currents  in  estuaries  during  a  hurricane  have,  so  far  as 

known  to  the  writer,  never  been  measured,  but  it  is  fair  to 

ice  current  as  partly  generated 

wind    and  i  on,   when   added   to   the 

usual  currents,  will  have  an  exceedingly  high  velocity.    While 

unary  tidal  currents  in  channels  at  various  points  along 

;.    have  only   a   maximum  value  of  from  4 

iM.ec,   jt    is  quite  certain  that 

■mblned  surf  may  reach  a  L2  to  15 

per  hour  during   a    wind   ol    a    velocity   exceeding   100 

per  hour.     'I  :.  disturbance  from 

or  greater,  and   the  combined 
currei  I 

'i.iving   ordi- 
nary 

ut,  we  can  easily 

will   in   the 
D    1   miles  per  hour 
in  ordli 

i ace  to 
ol   b   convex 

to  the 
ne,     would    un- 


due to  the  banking  up  of  the  swiftlj  moving  water  against 
the  slower  moving  Of  comparatively  slack  water  of  the  ordi- 
nary How 

The    changes   In  •  -.    Cliffs,    headlands,   and 

the  Ilk.-  bj   mean  ■....,  i,,,.  intricate  a  nature  to  dis- 

ii  a  few  paragraph-,  but  the  engineer  having  to  do  with 
ocean  or  harbor  BtrUCtun  I  .  hould  read  "Shore  Processes  and 
shoreline   Developmei  D    W,   Johnson  from   cover  to 

cover  riie  suddenne  with  winch  such  changes  may  come 
about  is  Illustrated   In  ement  by  EClnahan,  that  at  one 

point   on  tiic   Irish  coast  a   beach  600  ft  wide  w.i-  created 

during   the    spring    oi    1876,    in    front    of   a    cliff    on    ihe    coast, 

there  was  deep  watei  the  preceding  winter.  Austen 
says  in  regard  to  the  southern  'oast  ol  England  that  "during 
the  flrsl  few  hours  oi  a  gale,  enough  material  may  in-  re- 
moved from  in.-  slim.  i...  to  de.  p,n  the  water  there  from 
■"■  to   10  li  .  especially   when    a   sea   wall  helps  to  concentrate 

the  wave  energj    along   ..   narrow    ■/ ■"     Along   the  Chest] 

Bank  a  single  storm  lias  removed  3,763,300  tons  of  shingle 
from  the   beach. 

"In  the  prei    ■  ii  have  endeavored 

to  give  tin-  i  which 

ont  the  student  ol  Bhore  processes,  it  must  be  con- 
fessed, however,  thai  II  i  much  easier  to  describe  the  com- 
plexitii      ol    current  to   point   out    the  mistakes  which 

requently  made  in  Interpreting  them,  than  it  is  to  solve 
those  complexities  in  a  given  case  and  present  a  discussion 
which  is  so  conclusive  as  net  to  be  open  to  criticism.  N'ever- 
ii  was  essential  that  we  should  enter  upon  our  treat- 
ment of  shoreline  forms   with  a    broad   view    of  the  problems 

co i.'i    -'.nil    w.i\.      .nil    current    action,    and    with    some 

appreciation  of  thi  forces   which  operate  at 

the  shore  in  different  places  and  at  different  times.  We 
are  now  prepared  to  consider  the  development  of  shore  lines 
more  intelligently,  even  if  we  are  not  prepared  to  assert  with 
positiveness  tin  pi,  ,  i  .,  part  played  by  different  currents  in 
shaping  each  portion  ol  any  given  shore." 

"The  time  will  come  when  our  present  limited  knowledge 
of  both  wave  and  current  action  will  he  enormously  extended 
by  means  of  Improved  mechanical  appliances.  The  move- 
ments of  debris  upon  the  bottom  at  considerable  depths 
during  wave  action,  concerning  which  we  can  only  theorize 
at  present,  will  be  actually  observed  by  special  electrical 
apparatus.  Wave  currents  and  currents  of  other  types  will 
be  studied  by  observing  the  exact  movements  of  debris  under 
their  control.  Limited  areas  of  the  coastal  waters  will  be 
exhaustively  studied,  every  detail  of  the  currents  analyzed 
with  care  under  varying  conditions,  and  the  movements  of 
debris  determined  with  far  greater  precision  than  is  now  pos- 
sible. While  shoreline  problems  will  never  be  simple,  the 
researches  of  the  future  will  yield  a  body  of  facts  which  will 
enable  the  geologist  and  engineer  of  some  coming  generation 
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Fig.    8.— Pressure    of    Waves. 

to  predict  shore  changi  -  and  plan  harbor  and  coast  defenses 
with  an  assurance  which  will  contradict  the  assertion  of  the 
present  maritime  that    the  forces  operating  at    the 

shore  are  among  thi  forces  Of  nature,  "Which  are  subject  to 
no  calculation."  In  the  meantime  we  may  take  some  satis- 
taction   from   the   fact,   which  will   present!}    appear,   that    a 

deal   ma]    I"'    |<    irned    about   current    action    bj    studying 

forms   of    beai  o    provide    a    more 

reliable  Indication  ol  thi  dominant  currents  in  a  given  locality 

than     do    any     dn 
time." — (Johnson.) 

Tie   danger  from  high  overhanging  n  illustrated 

at    \'i.  u  biiipooi   in,    overhang  has 
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largely  broken  off  and  fallen  to  thi    bo 
of  thousands   of   tons   of   huge   bouldei  mi    the 

nature  of  a   gigantic   rip-rapping,  and  inch   banks   have 

thus  reached  an  angle  ol  repose     The  ■. .-  the  Whirl- 

pool on  the  other  hand  have  had  mon      uman  interfi 
and  protection,  so  that  the  huge  bouldei  largelj   absent, 

and  the  river  channel  i-  scouring  wider  ■  ■■      The  dan 

overhang  has  been  and  is  being      ntinually  ran 
as  a  pi  Railway;        .     Imilar  remo\  .ii 

was  done  ;i>  the  Rallwaj   Arch  Bridge  bj  wrltei   In  1919, 

in  response  to  warnings  of  some  Blighl    [alls,  which 
they  bave  boon  large  in  extent  might  have  endangerei 
structure.     Some    large    falls    on    tin-    Gi  Railway    have 

stopped  traffic  for  from  one  to  two  weeks. 

The  complex  series  of  >i>i t>~  and  bars  ci  mposing  Nanl 
Beach  on  the  Massachusetts  coast,  show    that  "the  phenom- 
enon of  a  shifting  fulcrum  between  a  retrograding  cliff  and  a 
prograding   beach    plain    may    occupy   an   important   plai 
the  history   of  a  shore  line." 

"Continued  wave  erosion  soon  pushes  the  notch  so  far  into 
tin-  land  that  the  unsupported  overhanging  rock  falls  down 
under  the  influence  of  the  forces  of  weathering,  including 
the  action  of  gravity  and  rain  wash  on  the  face  of  the  slope. 
This  produces  the  wave-cut  cliff,  in  front  of  which  is  the 
wave-cat  rock  terrace  called  the  bench.  The  eroded  debris 
will   be  added   to  the  submarine  talus  if   i  •   slope 

is  steep  enough  and  the  water  deep  enougii.  except  such  part 
as  is  ground  sufficiently  tine  to  be  widelj  distributed  over 
a-bottom  far  offshore.  If  the  water  is  shallow  or  the 
slope  gentle,  a  shoreface  terrace  may  be  formed  at  this  time." 
—  (Johnson.) 

Conclusions. — The  engineer  in  dealing  with  any  of  the 
problems  of  design  arising  from  the  necessity  of  having  to 
build  a  structure  subject  to  such  unusual  engineering  forces. 
has  two  sources  open  to  him.  First,  to  design  the  structure 
along  usual  lines,  of  sufficient  strength  to  withstand  the  max- 
imum probable  or  known  unusual  forces;  or  second,  to  so 
design  the  structure  that  it  will  offer  less  surface  to  the 
unusual  forces,  or  else  a  minimum  chance  of  having  to  resist 
such  forces. 

Where  it  is  possible  to  follow  the  second  method  and  make 
the  structure  of  special  design,  but  along  proper  theoretical 
and  practical  lines,  so  that  it  will  minimize  the  effect  of  the 
forces,  this  is  without  any  question  the  method  to  pursue, 
both  from  motives  of  good  engineering  and  economy.  How- 
ever,  when  the  engineer  after  the  most  careful  study  has 
exhausted  all  possible  hopes  for  such  a  special  design,  then 
the  only  thing  is  to  design  the  structure  along  usual  engineer- 
ing lines,  but  of  sufficient  strength  to  withstand  all  the  max- 
imum forces,  and  to  some  extent  regardless  of  cost. 

Should  the  maximum  forces  of  every  kind  be  absolutely 
known,  then  it  will  be  permissible  to  allow  unit  stresses  for  a 
maximum  possible  combination  of  all  forces,  that  are  only 
safely  within  the  elastic  limit  of  the  material;  or  where  the 
forces  of  stability  are  in  excess  of  those  of  destruction.  Each 
u.-t  most  emphatically  be  made  a  special  problem,  and 
all  that  has  or  might  be  written  should  be  no  more  than  a 
guide  to  its  solution. 


How  to  Prevent  Heat  Losses  in  Small 
Houses 

That  the  ordinary  typo  of  -mall  made  just   as 

•'■  to  the   1"  |    ,mm   .,nd 

at  a  very  small  additional  cost,  wa  i 

man.  Professor  of  Practical  Mecha  irdue  I  uiversity, 

in  a    paper  presented   April   ."■  at    th      p.  ational    I 
Confereni  e  in  I    ilcago     is  ab  I  follows: 

"in  the  average  frame  house.  ■■  ,    practice  to 

onlj    <A  in.  of  lath  and  pla   ■ 
from  the  space  between  the  studs    I  r  is  a  verj 

poo:-    insulator,   as   it   is    porous,  and    the    heal      nmi    the    room 
easil]     goes    through    this    material    ale!    ■  : 

i wo, -ii  the  studs,  only  to  be  carried  to  tl  e  attic  bj  convi 
or  to  be  passed  through  ii  i  to  the  outside  air. 

effect    of    this    air   movement    through    the    walls   and 
partitions  can  be  easily  observed  on     nj  old  pla  tei   wall  and 


Details    Showing     Methods    of    Prever 
Houses. 


ting    Heat     Losses    In    Small 


Testing  for  Vibration  in  Buildings. — An  ingenious  method 
of  ascertaining  the  vibration  in  a  building  is  described  as 
follows  by  J.  R.  Linton  of  Sioux  City,  la.,  in  a  recent  issue  of 
Popular  Mechanics; 

In  a  western  city,  a  reinforced-concrete  building  had  but 
recently  been  completed  when  the  plastering  began  to  fall 
from  the  ceilings.  The  owner  claimed  that  work  was  not 
according  to  specifications,  and  the  contractor  asserted  that 
the  trouble  was  the  result  of  vibrations,  which  were  caused 

by  trolley  cars  crossing  a  frog  in  the  street  just  in  front  of.    studs  and  then  attach  the  lath  to  furring  strips  over  the  paper 
the  building.   As  none  of  the  vibrations  were  heavy  enough  to  Pieces  of  studding  material,  commonly  called  "fire-blocks," 

be  seen  or  felt  in  the  four-story  building,  an  engineer  solved       should  be  nailed   between  the  studs  at  a  point  midway  be- 


(1)   Shows  ii"w   an  an-  space  :-:  normally   I.  it   between  th,-  studs 
ami  how  air  is  carried  b 

-  srtng  the  heat  to  the  outsldi 
shows  hew  i,,  Mop  up  tiie   space   between    thi    studs   with   a 
block  .ii   the   Boor  level,   which  maj    b<    u  old  an,!  new 

ob        (2)  Detail     to  be  used 
laid    all    around    to    thi     sheathing1,    and    studi 
resting  upon   the  Uoor.     (3)  Recommendo.l  detail   tor  i 
between  th.    studs  and  joists  at  the  ceiling.     - 
insulating  the   upper  floor   .  |..-,|   i„i.,v.    tie 

to  afford  room  space  In  the  attic.     The  op.  i    spa.  i 
should  he  closed  up  with  tight  sheathing  and  a  perfectlj  tigh 
laid.     A  good  wall  hear. I  can  be  used  to  cut  .at    ■  ;....       \ 

ceiling.  The  dust  carried  by  the  air  currents  will  have  pene- 
trated the  plaster  between  the  lath,  and  left  a  series  of  dark 
streaks  upon  the  plaster  and  the  wall  paper. 

How  to  Prevent  Interior  Air  Movement.  -Many  buildings 
are  constructed  with  this  hollow  space  within  the  studs  open- 
ing up  directly  into  the  basement  space.  Such  construction 
is  extremely  had.  and  it  should  be  corrected.  In  old  buildings, 
where  the  studs  .  \t.  n,|  to  the  plate,  and  the  floor  meets  the 
inside  edge  of  the  studs,  this  space  is  probably  open.  The 
only  way  to  remedy  this  error  is  to  insert  filler  blocks  be- 
tween the  studs  on  the  level  with  the  floor.  In  new  construc- 
tion, it  i-  besl  to  ii,),  r  over  the  entire  first  floor  or  subfloor 
between  the  sheathing,  on  all  sides,  and  set  the  studs  upon 
a  plate  placed  upon  this  floor.  This  will  effectively  cut  off  all 
air  communication  between  the  basement  and  the  stud  spaces. 
In  attics,  where  the  joists  are  laid  upon  the  rafter  plates, 
these  spaces  are  usually  cut  off;  but  in  attics  where  the  floor 
is  lowered  to  obtain  head  room,  the  spaces  between  the 
joists  and  between  the  studs  must  be  closed  with  tight  sheath- 
ing, as  shown  in  the  diagram.  It  is  important  to  make  sure 
ii  stud  spaces  at.-  tightly  closed  at  top  and  bottom. 
This   process   is   often   known  as  fire  stopping. 

The  Exterior  Finish. — For  the  exterior  finish  provide 
straight,  solid  boards,  with  ship-lap  or  tongue-and-groove 
joints,  and  see  that  they  are  well  laid.  A  good  grade  of  build- 
ing paper  should  be  placed  underneath  the  sheathing,  also 
en  the  studs  and  inside  lath  and  plaster.  The  best 
application  of  the  latter  is  to  nail  the  building  paper  onto  the 


the  problem  and  traced  down  the  trouble  in  a  novel  manner 
A  shallow  bowl  of  metallic  mercury  was  placed  on  the  floor 
of  the  top  story,  in  such  a  manner  that  the  mercury  would 
be  in  direct  sunlight.  Those  interested  in  the  result  of  the 
test  stationed  themselves  at  a  window  and  watched.  A  reflec- 
tion from  the  sun  was  thrown  onto  the  ceiling  by  the  mercury 
and  as  the  street  cars  passed,  it  was  noticed  that  the  reflec- 
tion on  the  ceiling  moved  several  inches,  thus  greatly  mag- 
nifying the  movement  of  the  building  and  vindicating  the 
contractor. 


tween  the  first  and  second  floors,  to  still  further  reduce 
convection.  This  treatment  will  also  tend  to  decrease  the 
fire  hazard  of  the  building. 

One  of  the  worst  conditions  to  meet  is  the  bungalow  with 
one  or  two  second  story  rooms.  These  upper  rooms  are 
frequently  hard  to  heat  and  special  precautious  should  be 
taken  in  the  design  of  the  structure.  The  principal  difficulty 
lies  with  the  attic  spaces  beside  and  above  these  rooms. 
Usually  no  attempt  is  made  to  floor  over  thes-  spaces,  and  it 
is  often  found  that  the  heat  losses  in  this  type  of  house  are 
(121) 


/  g  and  <  'ontracting  for  Jm 


than   in   a  "■  '•  essary   to   floor 

9UI  i,  -.,.,,  osulatlng  material. 

Tin-            -■  od  place  ti>  us.-  w  ard. 

Summary.     Tut    off   all    -;  tUddillg,   from 

Dl  and  the  attic 

i  outer  walls  Bhlp-lap  or  tongue-and- 
tiding,  well  laid. 

•!    q  lildlng    papei   over    the 

layer  of   building   p. ■.•  laid   over   the   Inside   oi  the 
immended. 

Floor  over  all  attic  spai  tight   Boor. 

th   with   ship-lap  or     ■  :i   board,  or   other  equivalent, 

.  Btudded  walls  betwe  n  upper  Boor  rooms  and  attic 

Insulate  all  doors  that  come  in  contact  with  cold  aid,  where 
-  are  to  be  need  for  other  than  sleeping  porches. 


Freight    Rates  on   Sand    and   Gravel    Reduced    in 

Michigan 

Michigan  Public  Utilities  Commission  has  Jusl  handed 

ons  iMi  .hi  action  brought   bj    the  Michigan 

Sand  .v  Gravel  Produce)  odiflcation  of 

the  order  oi  the  Commission  which  went  Into  effect   m  May, 

i:i.  new  decision  reduces  the  Michigan  mileagi 
an  average  of  17  per  cent,  and  also  reduces  the  carload  weight 
from  l(X  per  cent  to  DO  per  cent  oi  the  capacity  of  the  car. 
Taken  In  connection  with  the  reductions  ordered  into  effect 
•  ago,  this  order  will  reduce  the  rates  on  sand  and 
gravel  In  Michigan  to  or  below  the  basis  in  effect  prior  to 
the  Increase  of  Aug.  26,  1920.  The  new  rates  in  Michigan, 
which  are  to  be  effective  July  1.  assuming,  of  course,  that 
action  is  not  taken  by  the  railroads  either  before  the  Inter- 
l  lommerce  Commission  or  Michigan  courts  to  suspend 
the  Commission's  order,  are  as  follows: 

MICHIGAN   MILFAHI-:  SCALE  ON  SAND  AND  GRAVEL. 

MIlCB. 

10 50 

■     1"    M 

IE 58 

-'" fi2 

30  and  over  25 66 

A0  and                                " 

'.ver  40 "5 

•     ■" SO 

70  and  over  60 "5 

over  th fl0 

•  ■    56 95 

•   3  line,  20  ct.  per  ton.     Minimum 
weight,  90  per  cent  of  capacity  of  car. 


Appraisal  Schedule  of  Detroit  Real  Estate  Board 

In  a  recent  issue  of  The  Constructor,  F.  S.  Robinson,  Secre- 
tary. General  Builders'  Asaoi  latlon  of  Detroit,  gives  the  fol- 
lowing information  regarding  the  appraisal  of  buildings: 

In  fire  loss  cases  generally  the  firm  that  makes  the  ap- 
praisal is  the  one  that  does  the  repair  work  and  the  fee,  if 
any.  is  absorbed  in  the  work.  The  only  definite  fee  of  which 
I  could  learn  is  that  of  a  firm  of  contractors,  and  they  were 
not  sure  that  It  was  on  condemnation  proceedings.  This  fee 
amounted  to  1*4  per  cent  of  the  value  of  the  building.  Where 
complete  estimate  of  quantities  and  value  is  made  I  would 
think  that  It  should  be  double  that. 

The  following  y  of  charges  for  appraisals  by  mem- 

bers of  the  Detroi'  ite  Board: 

For   making  valuations  on  real  estate,  members  shall  not 
charge,    when    a    '  less    than    the    following 

anion] 

On  amounts     ;    I  $25 

On  amounts  50 

i>n  amounts  of  $F, and  upwards,  charge  $50  on  the  first 

0  and  $1  per  I  the  excess  up  to  $300,000  and 

from   $300,000  to  $500,- 
ith  a  furth.  r  thousand  on  excess 

""0." 

nlmum  fees  to  be  charged   for  ordi- 
nary valuation  l   member  is  called   upon 

judgment  as 
amount  of  '  shall  in  no  case  be  less 

than  the  am.  .r  I  forth, 

description. 
Minimum    <  1 .    •  |    court,    $ln,    payable    In 

advance." 


Business     Buildings     Designed     in     Three 
Dimensions 

in  an  article  "A  New  Type  ol  Aui.-rn.iii  Architecture,"  In 
The  Improvement   Bulletin,   Rollln  C.  Chapln,  architect,  ex- 
iii-  views  b  on  the  nev«  type  of  skyscraper 

now   being  en  i  Vork  City: 

"Probably  no  one  who  has  visited  New  York  City  during 
the  past  year  or  two  ha  failed  to  notice  s  aev<  type  "i  sky- 
Bcraper  has  come  Into  being.  Instead  ol  the  cut  ami-dried 
:  to  which  w.  bavi  been  bo  long  accustomed,  with  its 
L'u  to  i"  stories  of  facade  rising  unbroken  from  the 
and  crowned  bj  a  hu^.-  projecting  cornice,  we  observe  that 
these  newer  building  begin  t"  step  back  from  the  building 
1 1 ii,  at  a  certain  height,  something  In  the  manner  ol  super- 
imposed blocks  of  diminishing  sizes.  These  tower-like  upper 
are  treated  In  Interesting  variety,  not  one  Bide  only, 
but  all  four  as  a  unit,  and  the  great  ugly  cornice  i  conspicu- 
ously lacking.  What  a  relief  to  at  last  see  business  buildings 
designed  in  three  dimensions! 

"This  new  type  of  building  is  the  result  of  .New  York's  new 
zoning  law.  This  law,  broadly  stated,  operates  in  two  ways  to 
bring  about  a  more  harmonious  development  of  the  city. 
First,  by  its  'use  regulations,'  it  segregates  the  manufacturing 
from  the  retail  sections  and  both  from  the  residence 
districts.  Second,  by  Its  'height  regulations,'  it  divides  the 
city  Into  districts  in  each  of  which  the  allowable  height  of 
the  street  facade  has  a  definite  relation  to  the  width  of  the 
street,  varying  from  Btreel  width  to  two  and  one-half  times  the 
street  width.  This  limit  is  not,  however,  on  the  total  height 
of  the  building,  but  on  the  vertical  height  at  the  building  line. 
Above  that,  limit  buildings  may  be  extended  to  a  height  lim- 
ited only  by  economical  considerations,  but  the  portions  above 
the  limiting  height  must  not  extend  beyond  a  diagonal  line 
drawn  through  the  center  of  the  street  and  the  limiting  height 
at  the  street  line.  Other  provisions  affect  the  height  on  the 
rears,  on  courts,  side  streets,  etc.  In  a  general  way,  this 
means  that  above  th-  height  limit  all  buildings  must  be  con- 
tained within  a  pyramid  whose  sides  have  a  slope  of  about 
75  degrees.  Therefore,  a  large  building  may  rise  to  consider- 
able height  above  the  facade  height  limit,  while  a  smaller 
building  cannot  economically  he  built  much  higher  than  that 
limit. 

"It  will  be  seen  that  this  law  has  given  the  architect  a 
new  problem.  He  must  use  greater  skill  in  planning  in  order 
to  make  it  economically  desirable  to  build  to  great  heights, 
and  at  the  same  time  he  is  given  almost  unlimited  scope  to 
his  imagination  in  designing  in  three  dimensions. 

"While  not  a  great  number  of  buildings  have  been  erected 
since  this  law  was  passed,  the  few  that  have  been  built  are 
so  satisfactory,  both  economically  and  aesthetically,  as  to 
fully  justify  the  law.  A  notable  example  is  the  Heckscher 
Building  near  Columbus  Circle,  designed  by  Warren  & 
Wetmore. 

"To  the  writer  it  seems  that  this  style  of  tall  building  is 
destined  to  become  the  prototype  for  all  American  cities.  The 
idea  could  be  applied  on  a  smaller  scale  to  our  moderate- 
sized  cities.  We  need  some  remedy  for  the  oft-repeated  crime 
of  treating  architecturally  only  the  street  facades  of  our 
buildings,  and  allowing  the  other  sides,  perhaps  more  con- 
spicuous than  the  embellished  one,  to  glare  at  us  with  their 
bare  common  brick  surfaces,  ugly  signs,  and  what-not.  Some 
such  regulation  as  New  York's  would  help  to  answer  this 
need,  and  would  do  much  to  beautify  our  business  sections." 


A  Cheap   Board  for   Large   Drawings. — The  high   price  of  a 
large  drawing  bo. ml  and  the  still  higher  price  demanded  for 

a    large-size    drawing    table    are    items    that    must    be    seriously 

considered  when  the  board  is  required  only  for  some  special 
piece  of  work,  write:  C.  Nye  In  Popular  Mechanics.  An  idea 
that  represents  an  economical  and  practical  solution  i 
use  of  a  variety  of  wallboard  that  can  be  optained  in  panels 
Of  almost  any  dim.  D  Ions  up  to  4  to  12  ft.  The  type  Of  wall- 
hoard  best  suited  for  the  purpose  is  that  which  is  built  up 
of  wood,  n  strip  together  to  make  a  continuous 

board,  with  a  smooth  surface  of  tough  brown  paper.  The 
cost  of  this  material  is  but  a  few  cents  per  square  foot. 
Wall-board  Of  this  kind  is  made  Vi  in-  thick,  and  the  large 
panel  ore   flexible  and  should  bo  well   supported 

when   used   horizontally;    when    used    vertically,   this   is  un- 
necessary.    A   standard    Vi-in.    metal    channel,   fitted    to   the 
of  the  board,  makes  a  fine  sliding  edge  for  the  T-square. 
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Garden   Cities   and    Model   Dwellings 
as  Conceived  by  the  French 

A    Remarkable    Reconstruction    Effort    Achieved 

by  the   French   Northern    Railway  Company 

Bj    \V.   P.  MITCHELL. 
1G  Rue  Delambre,  Paris,  I 

The  name  of  the  inventor  of  garden  citle  and  model 
dwellings  is  lost  in  oblivion,  though   thi  Dot   so  very 

far  remote.  With  the  rapid  march  of  events  during  the 
years  of  »ar  in  Europe  and  since  we  and  ideas  have  aged 
considerably. 

Soap  and  sewing  machine  makers  and  cocoa  manufacturers 
have  vied  with  each  other  in  advertising  features  born  of  the 
garden  city  idea,  almost  always  to  the  financial  benefit  of 
their  stockholders  quite  as  much  as  to  the  well  being  of  their 
employes. 

In  a  measure  all  these  efforts  have  sue  ei  ded.  In  the  United 
States,  in  Great  Britain,  in  Switzerland,  in  Holland,  in  Ger- 
many, in  Italy  even,  but  it  has  remained  for  a  railway  com 
pany  in  France  to  first  tackle  the  housing  problem  of  its 
employees  on  a  grand  scale. 

A  Great  Railroad  Project. — The  Chemin  de  Fer  du  Nord, 
the  Northern  Ry.  Co.,  of  France,  has  conceived  a  whole 
battery  of  garden  cities  flanking  its  ravaged  line  which  came 
forth  from  the  war  as  but  a  mere  skeleton  of  what  it  once 
was.  This  railway  is  the  chief  instigator  of  the  garden  city 
movement  in  France.  French  ingenuity  and  taste  have  ac- 
complished wonders  without  in  any  very  great  measure  fore- 
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Plan  on  Which  Tergnier  Is  Being  Rebuilt. 

going  the  traditions  which  have  done  so  much  to  make 
France  what  it  is  today.  Nowhere  is  a  man's  house  more 
his  castle  than  in  republican  France. 

From  Armistice  Day  to  1922.— On  Armistice  Day,  Nov.  11, 
1918,  throughout  a  length  of  2,123  kilometers  of  this  railway 
there  did  not  exist  a  single  station  building,  a  locomotive 
roundhouse,  a  car-shed,  bridge  or  culvert,  not  a  kilometer 
even  of  solid  roadbed,  or  a  single  dwelling  in  which  to  house 
the  employees  who  were  to  put  things  in  order. 

Since  that  day  the  company  has  done  the  impossible,  as  the 
French  have  it,  to  reconstruct  the  line,  a  fundamental  ele- 
ment for  the  re-establishment  of  a  normal  active  life  through- 
out its  district.  For  its  accomplishment  a  large  staff  was 
necessary,  the  first  problem  of  all  to  follow  being  that  of 
housing  and  feeding  them  and  their  families,  and  this  amid 
a  devastation  as  bare  and  arid  as  a  desert.  A  permanent 
shelter  was  deemed,  and  rightly,  the  first  requirement  of  an 
established  civilization. 

Since  1919  the  company  has  obtained,  from  the  French 
Ministry  of  Public  Works,  the  authorization  to  realize  several 
successive  projects  for  housing  its  employees  in  these  re- 
claimed districts.  The  soil  was  virgin,  practically  nothing 
more  than  clearing  was  required,  practically  nothing  re- 
mained of  a  former  debris  which  might  be  incorporated  into 
new  structures. 

The  first  houses  were  scattered  here  and  there  along  the 
line  following  the  timely  needs  of  the  service,  as  often  as 
possible  being  grouped  as  a  nucleus  of  what  later  would  be 
developed  into  a  garden  city  community — something  difficult 


ol    conception    ;it     first    thought    l'i  i-il     railway    juihiihii 

like  Tergnier  and  still  more  so  of  a  big  coal  mining  com- 
munis like  i. ens. 

Types  of   Houses. — Most  of  the   wooden   houses   first   built 

lour   roomed,     Contrary  to   what   is  applicable  to  most 

of   France,   families  are  large  in   the   north.     These  houses 

have  a   general  living  room  and  a   kitchen,  a  room  for  the 

parents  and  one  each  for  the  boys  and  girls. 

These   first   houses   were   more   or  less   of   the   knock-down 


The  Docthor's  House,  Tergnier. 

order,  roofed  with  rubberoid  and  later  with  tiles.  In  general, 
they  were  all  lighted  with  electricity  and  their  doubled  walls 
served  as  a  satisfactory  method  of  insulation  against  the 
cold  and  damp  of  this  rather  humid  region  of  north  France 
where  they  were  all  located. 

In  1920  the  program  for  the  construction  of  wooden  houses 
was  considerably  enlarged  in  spite  of  the  opposition  through- 
out Europe,  even  in  England,  against  the  wooden  house  per 
se  as  being  something  neither  durable  nor  efficient  against 
cold  and  storm.  The  marvel  is  in  this  respect  that  old  Eu- 
rope has  not  taken  a  leaf  from  the  book  of  American  experi- 
ence. Up  to  Jan.  1,  1920,  there  had  been  built  2,600  houses 
of  this  nature;  up  to  July  1,  1921,  3,765,  and  up  to  the  first 
of  January,  1921,  4,700.  The  continual  rise  in  the  prices 
of  building  materials,  especially  wood  work,  made  it  evident 
that  cement  and  brick  built  edifices  might  better  serve  the 
need  and  the  possibility  of  rapid  and  economical  construc- 
tion  at   this  time. 

The  first  cement  constructed  houses  were  put  in  hand  in 
July,  1919,  to  the  number  of  160.  These  were  at  Tergnier 
and  Ailly-sur-Noye.  By  the  first  of  April,  1921,  there  were 
1,551  such  houses  already  occupied  and  by  the  end  of  October 


of  the  present  year  (1921)  the  total  will  number  6,054  indi- 
vidual dwellings. 

The  average  apartment  is  composed  of  four  rooms  with 
a  porch,  cellar  and  toilet.  The  apartments  for  large  families 
are  of  five  or  six  rooms,  these  numbering  about  10  per  cent 
of  the  construction  erected  to  date. 

The   Garden    City    and    Its    Inhabitants. — These   groups,    or 
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mmui 

only   with  the   l<  the  labon  rs  and 

....  remen, 

Ddenta    made 
•    •  ,  ■    ..    •  Imili 

perior  to  anything 
the}    had  ev<  i  the  war 

I  ol  the  living  room 
....      •  ttlni    room,   there    was 

-.1.1]  bed  rooms 
room, 
mportanl    are   Tergnier, 
.    i, .mi,:  the  i 
.    .... 

ii   the 
i  in,  ii  aboul  four- fifths  Is 
itructioi  the   remainder  being    I 

Ishment  ol  watei 

rounds, 
..,1  twentieth  c<  ntu  •  well 

immunit) . 

■    ,  stent  these  lati  -    bi  usi  -  are  buill  ol  agglom 
ind  cinders  I  -  the  Freni  ii  call  it 

d    finally    with    ., 

a  hall  tiiu  k.  the  uppei    walls 

■•■  than  30  •  '■   '" than 

fifty  homes  («Mrich  the  Frencl  I  which 

have   bi  I   Into  being,  unq  osl   im- 

untj  tow  n.  a  court- 
house town,  as  may  well  be  described  a   French   sub-prefec- 

ith  a  population  ol  well  above  8, >ugh  it 

the   war.   which   left    it   the  most  de- 
plorable  wreck  ol  a  town  Imaginable. 

In  all  this  town   is  nol  I  e   war  inhabitable  house 

still  above  ground.    All  Is 

em   H  rden  City  here  covers  220  acres 

ii  this  time  and  by  Octo- 

'musing  in  all  over  6,000 

employ-'?  ol  this  busy  railway    capital.     In  all  the  company 

build  with  its  proper  resources  more  than  10,000 

bouses,  distributed  all  along  the  line. 

Beauty  Required,  Even  in  Reconstruction. —  No  special  type 

that  each  ahall  present  certain  salient  features 

•  mm, illation   ami    ■  With    the   object   in   view 

that  these   conditions  shall   be   fulfilled   with  due  regard  for 

ml  charm. 

A  worker's  four-roomed  house  may  be  rented  for  900  francs 

at  normal  dollar  exi  hange,  say  $180. 

It   is    worth   mentioning    in    passing    that    the   outer   color 

wash  given  to  then  put  on  with   the   well-known 

can    paint   sprayer  common   enough   in   use 

but  the  first  I  have  Been,  an  exiled  American  of  more 

than   a  quarter  of  a  century   i  road,   in  operation 

here.     It  is  a  worthy  companion  to  some  Pennsylvania  made 

•teel  ore  cars  which   I  also   saw   being  hauled  over  the  line 

•o  a  big  steel  mill  in  the  Mi  urthi   el  Moselle. 

Perhaps    It    Is   true   that    the    Northern   Ry.   Co.   of   France 

first  got  their  garden    city   idea   from   America;    if  so,   they 

•    :     ■  ly  and  adapted   it   in  a  marvel- 

•it   of  understanding  any  other  railway 

id  genial  hous- 

it  -  employees  than  this   it  certainly  does  not   exist 

[t  ;       holders'    Alt  idends    tem- 

•    it    will   pay   In   the   long   run.  and   it   is  only  long 

1  lay. 
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Expansion  and  Construction  Joints  in 
Concrete  Highway  Bridges 

ollowing  notes  are   taken  from  the  report  of  the  Com- 
mittee on  Relnforci  i  i 

\  i:  Cohen,  chairman,  presented  at  the  last  annual  meeting 
ol  the  American  Com  reti    Institute: 

Expansion   Joints.     The   disti 
in    concrete   construction,    which    are    necessarilj    at 
Intervals    than    would  In    Bteel    structures    ol 

similar  magnitude,  depends  upon  the  ;  and  no 

e  thereto  <  an  be  aafelj  given 
bj  the  committee 

dlj  spi  .■kin.  -i  highway  bridge 

design  requiring  expan  ion  joints;  first,  the  arch  type,  with 
superstructure  comi  longitudinal  walls 

supporting  a  Boor  system  or  with  back  nil  ol  earth  where 
the  sidewalk  construction  is  cantilevered  from  a  parapet 
wall;  second,  the  T-bi  im  or  rectangular  slab  design,  sup- 
ported on  columns  or  bents;  third,  the  multiple  way  rein- 
forced Mat   slab  structui  as.     The  tatter  i>pe  has 

•  n  extensive!]     i  ed,   but   there  is  a  wide  field  for  its 
i  ion 

in  the  development  ol  expansion  Joint  details,  the  following 
rations  should  be  borne  in  mind,  in  the  arch  type, 
with  superstructure,  expansion  joints  in  the  superstructure 
inn   i   providi  a   both  a  vertical  and  horizontal 

direction  up  and  down  for  rise  and  tall  ol  the  arch  ring 
and  in  a  horizontal  direction  due  to  elemental  changes  ol 
length  in  tii  embers  of  the  floor  system. 

Where  transition  tor  these  non-concurrent  movements  from 
n  in  another  is  ai  tempted  in  the  superstructure  by 
sliding  or  vertical  surfaces  in  contact,  there  is  the  imminent 
danger  ol  a  shearing  failure  in  these  sections  in  contact, 
caused  by  excess  of  trictional  or  tortional  action  over  the 
strength  of  the  section  in  shear. 

Joints  placed  at  the  quarter  points  ol  the  span,  approximate- 
ly at  the  point  of  contraflexure  in  the  arch  ring,  and  at  the 
pilasters  adjacent  to  the  piers,  have  proved  successful  for 
ol  90  ft.  to  200  ft.  This  arrangement  divides  the  floor 
system  over  each  arch  in  three  sections,  and  eliminates  an 
extremely  large  moment  in  the  floor  system  over  the  haunch 
of  the  arch,  due  to  a  maximum  vertical  movement  at  crown 
of  arch.  The  amount  of  moment  or  tension  in  the  floor  system 
due  to  vertical  movement  of  the  main  arch  ring  varies  with 
the  ratio  of  rise  to  span;  the  flat  segmental  arch  causes 
greater  moment  than  the  semi-circular  arch  of  equal  span. 
The  principle  or  effect  of  the  cantilever  joint  in  floor  system 
can  be  secured  in  the  parapet  wall  construction  of  a  barrel 
arch  supporting  earth  fill,  by  vertical  joint  through  the  walls 
and  sidewalk. 

For  the  second  type,  the  T-beam  or  rectangular  slab  design 
supported  on  columns  or  bents,  the  action  to  be  controlled  is 
in  the  horizontal  direction  only.  In  the  T-beam  type  there 
arises  the  difficult]  ol  transferring  the  movement  due  to  tem- 
perature changes  from  the  larger  through  the  smaller  mem- 
bers as  from  the  de,  p  beams  through  the  slabs.  Regardless 
length  of  structure,  the  slab  should  be  substantially 
reinforced  in  transverse  direction  to  distribute  stress  or 
■    i  cumulative  strain  at  i  hange  id'  sections. 

i  i.in, i  of  sp.m  length  io  height  ol  columns  or  bents 
should  be  taken  bat d  Idei  ai  Ion. 

I'm  -inline  joint  plate  ol  Bteel,  copper,  /inc.  or  lead, 
tipl  iiiirs  or  combination  of  these  differ- 

•  ii    plates    have    been    used    to    reduce    friction 

a    H  nie  area   there    is  the  dan. 

plates  are  nol  u  ed,  that  the  sliding  medium  or  plate  will 
contort]  irface  •  •:   a   bridge  scat  and 

i  crack      Tl  i   be  exercised  in 

preparation  of  the    tiding  Joint  or  bridge  seal    a--  it  is  gen- 
erally call.  .1 
Tin-  third   type,  the   Bat-slab  construction,  can   be  built  in 
expansion  Joints  than  either  of  the 
preceding  typi  orm  cross  section  every- 

•  •'    both  COni  "  te  and   Bteel,  the  slab  offers  better  reslst- 

temperaturi   changes,  Hi,   movement  being  distributed 
more  uniformly  throughout  Its  entn-e  length.  Expansion  joints 

in    this    COnstrUCtlOl  med    by    double    row    of    columns. 

and  in  food  practlci    il mts  should  be  spaced  at  distances 

• 
Construction    Joints.     The    location    of    construction    Joints 
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should  l"'  shown  on  the  plans,  since  thi  detail  is  a  decided 
help  to  the  contractor  in  his  analysi  ol  the  construction 
problems.  The  designer  should  bear  in  mind  the  capacity 
of  plant  commensurate  with  the  magnitude  of  the  work. 

The  lengths  ol  reinforcing  rods  should  be  predeterinin.il. 
bo  that  tin  excessive  lengths  of  rods  pn  eel  beyond  the  con- 
struction joint.  The  rods  should  project  beyond  the  bulkhead 
forming  the  construction  joint  far  enough  to  develop  bond 
strength  with  the  next  lift  of  bars.  In  beam  or  slab  construc- 
tion, the  joint  is  placed  at  point  of  least  shear,  or  maximum 
moment,  and  no  lap  of  bars  should  be  mail,   at  this  joint. 

Gravity  walls  should  be  built  in  one  operation  from  footing 
course  to  the  underside  of  the  coping.  Construction  joints 
should  be  placed  at  intervals  not  greater  than  3D  ft.  By 
addition  of  temperature  steel,  sections  tan  be  increased  to  50 
ft.  in  length.  Vertical  joints  are  more  desirable  than  hori- 
zontal joints,  which  tend  to  become  unsightly  cracks,  due  to 
the  resulting  efflorescence  and  gradual  disintegration  at  the 
joint.  Dovetailing  adjoining  sections  and  placing  copper 
flashing  in  the  joint  arc  added  precaution  tending  to  seal  the 
joint  against  percolation  of  drainage  water  Construction 
joints  should  be  avoided  along  any  plain  in  the  structure 
where  water  is  liable  to  be  concentrated. 


A     New    Light     Aluminum    Alloy    Having 
Strength  of  Soft  Steel 

Among  the  most  important  disclosures  in  the  recently  issued 
report  of  the  Alloys  Research  Committet  ol  the  British  Insti- 
tution of  Mechanical  Engineers  are  methods  of  fabricating  a 
so-called  V-alloy  (containing  about  4  pel  i  >  nt  of  copper,  2 
per  cent  of  nickel.  1%  per  cent  magnesium,  and  the  remain- 
der aluminum),  which  in  cast  and  heat-treated  form  develops 
strengths  as  high  as  47,000  lb.  per  square  inch,  or  when 
rolled  and  heat-treated,  54,500  lb.  per  square  inch  with 
elongation  of  24  per  cent  in  2  in.  We  are  indebted  to  Chem- 
ical and  Metallurgical  Engineering  for  the  following  informa- 
tion regarding  this  new  alloy. 

It  has  been  very  desirable  to  discover  a  light  alloy  which 
would  retain  its  high  heat  conductivity  and  strength  up  to 
at  least  200  deg.  C.  to  be  used  for  pistons  in  airplane  or  other 
high-duty  gas  engines.  A  comparison  with  an  alloy  hereto- 
fore much  used  for  this  purpose  is  given  in  Table  I,  and 
shows  how  well  the  demand  was  met. 

Table  II  gives  a  summary  of  the  tensile  properties  of  rolled 

TABLE  I— TESTS  OF  LIGHT  ALLOTS  SIGH 

TEMPERATURES. 

■    heat- 
, 8S:12   Cu:AJ ,         T alloy,  sand  cast.  treat ci I   rod 


Etc 

.= 

H_ 

- 

20. 

.    30.000 

100. 

150 

200. 

.    14,000 

"..•> 

.      9.000 

800. 

.      6.300 

■ibi). 

.      3,400 

•Conductivi 

TABLE   II 

23, I 

20,000 
11.500 


34.500 

24.0 

50.000 

.'1  6 

48,000 

14.000 

onductivity  of  gray  cast  iron  at  300  deg.  C.  is  0.10. 


Condition.  £ 

%E  I 

Hot-rolled    26,900 

Quenched    from    530    deg. 

C.  and  aged 17,200 

Cold-rolled    from    l*4-in., 

hot -rolled    quenched 

from    530    deg.    C.    and 

i  n  200 

Cold-rolled     from     "s-in.. 

hot-rolled,    que  n  c  h  e  d 

from   520    deg.     C.     and 

aged    33.400 

Hot     -    rolled :     quenched 

from  480  deg.  C,  aged 

Hot     -     rolled:     quenched 

from  530  deg.  C,  aged 

Cold    -    rolled:    ouenched 

from  530  deg.  C,  aged.     22,00m 
Cold    -    rolled:    quenched 

from  530  deg.  C.  aged 


p 

39.400 

So     »£ 

to  o  :o  o 

33.0  23.0 

51,200 

52.000 

....   10.0 

58.200 

....  19.0 

60.200 

....   17.0 

....  17.0 

Y  alloj  rods  and  sheets  after  I  ment.  Table  I  also 
contains  physical  properties  at  ■  rated  temperatures  of  a 
Vin.  rolled  rod.  quenched  from  480  c.  and  aged  4  days.  From 
this  and  a  comparison  of  its  Btrength  in  the  rolled  condition 
given  in  Table  n  it  appears  thai  |  heating  to  some- 
thing over  -uu  C.  will  removi  Ming  effect.  On  the 
Other   hand,   test-pieces   held   1 L50     C.   and   tested 

at  that   temperature  give  the  san  results  as  though 

the  beating  had  endured  bul  30  minuti  vVohler  fatigue  tests 
on  tubular  tost  pieces  at  160°  C.  (designed  to  show  the  ex- 
pected endurance  as  connecting  rods)  g:  re  a  safe  range  of 
alternating  stressor,  oi  18,500  lb  pet  q  In.,  wherein  the 
metal  may  he  expected  to  endun  lefiniti  as  compared 
to  ±23,000  lb.  per  sq.  in.  at  room  i  Table  II  also 

shows  that  an  increased  strength  and  unimpaired  ductility 
may  be  had  by  quenching  in  watei  ;  n  530°  C. — about  50° 
higher  than  the  proper  temperature  for  duralumin.  Even 
higher  strengths  may  bo  had  by  cold  rolling  > ,  - i n .  plate,  re- 
ducing thickness  10  per  cent  in  each  stage,  and  separating 
stages  by  a  qunching  from  480°  C.  Sheet  so  prepared  0.05  in. 
thick,  after  quenching  from  530°  C.  in  boiling  water,  shows 
an  ultimate  strength  of  5S.000  to  61,000  lb.  per  sq.  in.,  and 
elongation  of  16  to  is  per  cent  in  2  in. 

\  channel,  shown  in  the  illustration  was  made  in  a  bending 
machine  from  heat-treated  rolled  strip,  and  cut  into  6-in. 
lengths  with  squared  ends.  This  was  seated  on  ball  centers, 
and  tested  in  compression.  A  buckling  stress  of  30,600  lb. 
per  square  inch  was  developed  by  Y  alloy,  a  figure  13  per 
higher  than   duralumin. 

V  alloy  is  as  light  as  any 
of  the  stronger  aluminum  al- 
loys which  have  yet  been  pro 
duced,  and  is  distinctly  supe- 
rior to  most  in  the  ease  of 
manufacture.  Its  great  su- 
periority lies  in  a  very  re- 
markable resistance  to  corro- 
sion, and  its  entire  immunity 
from  intercrystalline  crack- 
ing under  prolonged  loading 
"ii  cracking).  The  eleventh  alloys  research  re- 
port notes  that  both  in  the  cast  and  rolled  condition  the  Y 
alloy  possesses  considerably  better  powers  of  resisting 
corrosion,  even  when  immersed  in  sea  water,  than  the  other 
high-strength  aluminum  alloys. 
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An  Interesting  Project  for  the  Training  of  More 

Skilled  Workmen 

By   WARREN  H.   McBRYDE, 
di  nt.   Industrial  Association  of  San  Francisco. 

On  Thursday,  May  18,  the  Industrial  Association  of  San 
Francisco,  in  co-operation  with  the  Master  Plumbers'  Asso- 
ciation, opened  in  San  Francisco  a  school  for  the  training 
of  plumbers. 

Each  applicant  for  admission  to  the  school  has  been  rated 
according  to  his  standing  in  an  intelligence  test,  and  placed 
in  one  of  three  groups.  Instruction  and  training  of  the  first 
group,  under  the  direction  of  a  skilled  master  plumber,  has 
already  begun.  At  the  end  of  two  weeks,  members  of  this 
group  will  go  out  on  jobs  or  into  the  shops  of  the  master 
plumbers  for  four  weeks;  and  group  2  will  enter  the  school. 
At  the  end  of  the  second  two  weeks,  members  of  group  3 
will  enter  the  school.  At  the  end  of  the  third  two  weeks, 
members  of  group  3  will  go  out  on  jobs  or  into  the  shops, 
and  group  1  will  return  to  the  school  for  another  two  weeks 
of  intensive  instruction  and  training. 

This  method  of  two  weeks  in  the  school  and  four  weeks 
on  the  job  or  in  the  shops  of  master  plumbers,  will  be  fol- 
lowed until  each  group  has  had  a  minimum  of  eight  weeks 
of  intensive  training  in  the  school.  While  attending  the 
school  (which  is  in  session  eight  hours  a  day,  five  and  one- 
half  days  a  week)  students  will  receive  no  pay.  But  while 
on  the  job  or  in  the  shops  of  master  plumbers  they  will  be 
paid  the  regular  apprentice  wage  of  $2.50  per  day.  Through 
exercising  care  in  the  selection  of  the  students  and  apply- 
ing the  intensive  method  of  training  described,  it  is  believed 
possible  to  turn  out  competent  journeyman  plumbers  in  from 
a  year  to  a  year  and  a  half — a  saving  of  virtually  three  years 
over  the  old  method. 
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New  Systems  of  House  Construction 

Steel    and    Gypsum    House.-  8    consisting    of    a 

structin.il  steel  (nine  with  non-bearing  gypsum  board  walls 
on  Simples  iti  constructed  recently 

at  Tv  by   the  Ontario  Gypsum   Co.     The  work  is 

descrr  Gypsum  I       In  The  Contract  Record,  from 

which  I  Uowing  are  taken: 

difficulty   in   securing    Bteel    lumber   in   Canada 
ind   channels 
which  it  utilized  to  the  best  advantage  In  the  training. 

•vh,  tt  were  i\t  wen  the  stair  well  posts. 

Tno  ,.  L6   I..     The  joists  were 

lolstfl   at    7.7   pound  I  "-    Irani''   Was 

IIKl,l,  n.  channels,  and  the  root  frame  was 

„Kl,i,  I  I-jolst  letal  cross  bridging  was  used 

In  the  tl>  «.r  construction. 

Th.-  Boors  were  constructed  ol  gypsum  board  laid  down 
on  top  or  the  Bteel;  wood  s'T"  put  on  and  plaster 

put  in  between  the  sleepers      Th.'   finish  will  ho  hardwood 
flooring  nailed  to  th.    sta 

Th.'  rool  was  built  up  oi"  gyp  urn  board  on  top  of  the  steel, 
heavj  poultry  netting  on  top  ol  Hi"  gypsum  hoard  and  then 
hardwall  plaster  put  on  in  two  coats,  troweled  smooth,  and 
asphalt  plate  shingles  laid  on  top  "l  this 

All  the  partitions  were  tructed  of  Simplex   stool  stud- 

ding, gypsum  hoard  and  hardwall  plaster. 

ther  innovation  in  tin-  house  was  He'  elimination  of 
lime  mortar  for  finish,  Gyproc  finishing  plaster  being  used 
instead. 

The   following  costs  were   given   in   The   Contract  Record: 

Applying  the  gypsum  board  and  the  reinforcing  wire  on 
the  roof  cost  64  ct.  per  yard.  There  was  a  considerable 
amount  of  labor  entailed,  and  the  method  was  entirely  new  to 
the  men.  Plastering  the  roof  two  coats  to  a  thickness  of 
li«  in.  cost  12  Ct  a  >ard,  and  plastering  the  outside  walls 
on  top  of  the  gypsum  board  with  one  coat  of  neat  pulpstone 
hardwall  plaster  sanded  and  one  coat  of  Pozzo  base  pebbled 
into  the  first  coat  of  hardwall  plaster  cost  28  ct.  per  yard. 
The  applying  of  the  Simplex  studs,  gypsum  board  and  net- 
ting on  the  outside  walls  cost  $1.10  per  yard.  Scaffolding 
on  the  outside  walls  13  ct.  per  yard.  These  are  all  labor  costs. 
Labor  costs  per  yard  follow: 

Fixing  board  and  fence  wire  on   roof   $0.64 

-   l'~  in.  thick  on   roof   42 

Simplex   studs,  boards   ana    chicken    wire   on    outside 

walls     110 

np   outside    walls — one   coat   neat   material,    one    coat 

base   28 

Scaffolding  outside  walls    « 

'tiling  runners  and   boards 2, 

Interior  studs  and  boards 13 

tng   Interior  base  coat 14 

4:> 

board  and  wire  on  floor -'- 

ilng    tl"<irs    16 

ping so 

It  is  stated  that  these  costs  do  not  truly  represent  what 
could  be  done  on  buildings  of  this  character  when  the  me- 
chanics became  more  used  to  the  work. 


Hillman  System  of  Hollow  Wall  Houses. — Monolithic  hol- 
low wall  houses  are  being  constructed  in  Los  Angeles  by  the 
Hillman  System  in  competition,  it  is  stated,  with  frame  con- 
in  the  National  Builder,  from  which  the  matter  following 
details  of  the  system: 

Hillman   system  walls  are   built  with   forms   consisting  of 
M  in.  high  and  of  varying  lengths.     Four  plates 
of  e<iual  length  constitute  a  form  unit  for  pouring  a  hollow 
wall. 

In   practice  the   forms   are  raised   on   standards   of   l%-in. 

galvanized  pipe,  which  are  set  up  on  the  foundation  between 

the  walls,  to  be  constructed   and   removed  when   the  walls 

ompleted. 

Th"   form    ;  made  of   12   gage  steel,  rolled   at    the 

■    the   bottom    with    lV4-in.   angle    iron,    and 

stiffened    at    the    sides    with    two    vertical,    I'-channel    arms 

These    plates    are    made    in 

l    in    high.     The   inside   plates   are 

notched  to  receive  metal  cross  ties,  which  are  set  in  place 

:ng. 

built   with  2-ln.  slabs  and  a  4-in.  air  space, 

In.   wall   wit!  .   and  a  4-ln.   air  space.     The 

forms  thicker  walls.     When  the  standards 

are   set   plumb   no   further   adjustment   of   the   equipment   is 

imb   wall      The  lap  joints  make  the 


wall   continuously   smooth    and    obviate   leakage   through   the 

bottom  of  the  forms.    Th rners  are  built  with  sets  of  four 

right  angle  forms,  which  are  s.  It  aligning.  These  are  hooked 
at  the  top  and  bottom  to  the  wall  forms.  Extension  wall 
plates  to  provide  for  fractional  measurements  are  attached 
in  a  like  manner. 

In  constructing  partition  walls,  or  foundation  and  solid 
exterior  walls,  both  forms  are  suspended  from  the  Bame 
side  of  the  standard.  Sometimes,  in  the  case  of  heavy  solid 
walls,  one  plate  is  so  from  each  side  of  the  standard, 

which  is  left  in  the  concrete  Standards  are  not  required 
on  walls  loss  than  4  ft.  high       In  two  or  more  story   work   Hi" 

thickness  of  the  walls  or  the  thickness  of  the  inner  wall  is 
reduced  at  the  floor  line  When  desired  th"  walls  may  be 
filled  solid  beneath  th.  bearing  of  the  Boor  joists,  inter- 
secting walls  and  partition  walls  are  poured  one  course  be- 
hind   the    main    walls,    and    are    tied    into    the    main    walls    by 

means  of  Bteel  reinforcing. 

Pegs  of  reinforcing  Bteel   8   in.  long  tie  th"  walls   to  th" 

foundation   and    project    the  foundation    lor   the    tonus    to 

clamp  against  for  th"  tn   i  ...urs".    Vertical  reinforcing  Bteel 

is   set   on    L'-in.    centers    In    Hi"    first    cours"    and    is   continuous 

from  the  foundation  t..  thi    i  iquired  height     Horizontal  steel 

is  placed  in  th"  form-  nt  each  course  and  turned  at  Hi.- 
Dor  joist,  m.i\  cither  bear  on  tin  foundation  wall. 
on  studding  built  out  Horn  the  wall,  or  he  received  through 
He  Inner  wall.  Openings  are  framed  at  any  polnl  bj  block 
ing  forms  with  rough  strips  lightly  built  up  to  ;im  required 
size.  Blocks  are  set  in  forms  and  built  in  wall  for  nailing 
permanent  frames  and  trim.  Plumbing  and  electrical  con- 
duits  arc   carried   in    Hi"    air   space. 

The  double  exterior  walls  of  a  one-story  house  2S  ft  bj 
43  ft.,  and  a  garage  20  it  by  20  ft,  comprising  a  wall  area 
"i  2,466  Bq.  ft.,  are  reported  as  being  erected  in  October, 
1921,  at  a  cost  of  $4Ht.  The  walls  were  8  in.,  built  up  of 
two  2-in.  slabs,  with  a  1-in.  opening,  and  were  reinforced 
with  K-in.  square  deformed  bars  placed  vertically  and  hori- 
zontally on  2-t't.  cent.rs  in  both  walls,  and  tied  with  steel 
ties  built  in  the  walls  1  ft.  apart  in  every  22  in.  course.  The 
concrete  was  mixed  in  a  batch  mixer  and  placed  by  hand. 
The  wall  cost,  averaging  17  ct.  per  square  foot  surface  of 
double  wall,  is  distributed  as  follows: 

125  sacks  cement,  at  S"  v. $im;, ■::, 

IS  yd    sand,  .a  *2.5o 57,50 



Steel     49.00 

Labor  (mixing  and  placing) — 

1  man  at    |8,  :i   11  at    -i     i"t    7  .lays 140.00 

Labor  (setting  up  eqi  men,   1   daj .' 

Labor  (taking  down  1  men,  (>  hours 1;.  mi 

Frames  for  blocking  openings i 


Total    ; 

After  forms  were  removed,  the  interior  and  exterior  walls 
were  ready  for  the  plaster  and  stucco,  which  was  put  on  at  a 
less  cost  than  would  be  possible  with  metal  lath.  The  article 
in  Concrete  is  based  on  information  furnished  by  the  Mono- 
lithic Hollow  Concrete  Form  Corp.,  Los  Angeles,  Calif. 

Needham  System  of  Concrete  Building  Construction. — A 
system  in  which  slabs  of  reinforced  concrete,  cast  and  sea- 
soned at  a  central  plant  are  used,  has  been  developed  by 
Needham  Brothers.  Houston.  Tex.  The  system  is  described 
in  the  National  Builder,  from  which  the  matter  following 
is  taken. 

The  Needham  system  01  building  is  composed  of  slabs  of 
pre-cast  reinforced  concrete  L6  in  wide  which  are  made  in 
the  shape  of  a  channel.  These  slabs  can  be  made  in  any 
length  to  suit  the  joh,  and  when  erected  form  dovetail  sockets 
at  the  upper  end,  which  are  locked  together  when  the  con- 
crete cap  beam  or  wall  plate  is  poured.  The  bottom  is  li 
into  the  foundation.  Th"  walls  are  continuously  hollow  with 
culating  openings  through  th"  beam,  which  communi- 
cate with  th.  ■•■li  ih"  opposing  Bide  slabs,  whereb] 
continuous  horizontal  and  vertical  circulation  of  air  1 
tained.  This  is  d<  tssure  th"  elimination  of  mois- 
ture condensation  Therefore  th"  hollow  wall  concrete  house 
"I  th"  test  of  th"  critics. 

Ih"  full  length  1  1  bungalow,  or  one  story  of  a 

teller  building,  arc  sufficiently  light  in  weight  that  they  are 

readily    carried    and    erected    by    four    laborers.      The    weight 

lab  is  about  300  lb.     They  are  delivered  to  the  job  in 

motor  trucks  and  sta.  ked  at  th"  building  site  like  lumber. 

The  erection  of  Hi"  building  proceeds  as  follows:  First  th" 
foundation  is  poured  as  in  ordinary  building  construction      Of 
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course  there  is  a  continuous  toundatj  n  wall  or  bearing  of 
concrete.  The  wall  is  not  less  than  10  in  wide  al  the  top, 
the  outside   of   which   is   flush   with  ol   the  con- 

struction above.  If  a  water  tabic  or  :  i,  ;,t  the  foundation 
line  is  desired,  the  wall  may  be  made  t bicker.  After  the 
foundation  is  poured  to  the  under  side  of  Boor  joists,  the 
joists  are  placed;  those  resting  on  ton  mint  ion  walls  have 
square  ends.  A  strip  is  then  nailed  to  the  top  of  joists 
parallel  to  walls  to  form  the  line  of  inside  wall.  These  first 
floor  joists  must  not  project  beyond  inside  wall  line.  The 
carpenters  then  erect  partitions  and  ceiling  or  second  story 
joists  as  an  ordinary  construction.  After  the  ceiling  joists 
and  floor  joists  are  in  place  the  carpenter  cuts  a  short  piece 
of  board  in  between  each  joist  and  the  depth  of  the  joist 
just  inside  the  face  of  the  wall.  The  building  is  now  ready 
for  the  erection  of  the  Needhaiu  system  walls.  If  there  is  a 
second  story,  the  carpenter  can  be  put  at  work  erecting  his 
partitions  and  if  not  can  erect  his  non  bearing  partitions  or 
such  other  work  as  he  may  have. 

The  inside  slabs  of  the  Needham  System  are  set  first. 
After  three  or  four  inside  slabs  are  set  the  hollow  space  is 
Blushed  with  grout  and  the  outside  slabs  are  set.  So  on  until 
entire  wall  is  built.  As  soon  as  the  outside  slabs  are  set  the 
carpenter  places  a  wood  board  outside  the  wall  entirely 
around  it  to  hold  Needham  slabs  in  place  and  at  same  time 
form  a  mould  with  the  board  cut  between  the  joists  for  the 
concrete  girt,  which  is  run  around  top  of  wall.  The  ends  of 
the  joists  are  notched  so  that  the  form  extends  slightly  below 
the  top  of  the  slabs.  This  concrete  girt  also  fills  up  the  small 
depressions  formed  at  the  top  of  the  slabs,  thus  locking  the 
entire  structure  together.  The  ceilings  or  second  floor  joists 
are  anchored  to  the  wall  construction  by  means  of  the  rein- 
forcing rod  of  the  vertical  rib  which  is  left  projecting  from 
the  end  of  the  slab.  This  is  shown  in  one  of  the  detail 
sketches.  Construction  for  two-story  structure  proceeds 
along  similar  lines  as  for  one-story  structures.  For  two-story 
construction  the  vertical  rods  of  the  slab  project  from  the 
bottom  of  slabs. 

Any  type  of  door  and  window  frame  may  be  used  with  this 
wall  construction;  the  recommended  window  frame  is  that 
used  in  ordinary  frame  and  stucco  construction.  A  small  stiff- 
leg  derrick  of  very  light  construction  has  been  used  to  very 
great  advantage  on  construction  of  this  type  house  in 
Houston. 

To  carry  the  ceiling  joists  during  the  erection  of  the  con- 
crete exterior  wall  temporary  studs  are  spaced  just  sufficient 
to  carry  the  load.  These  are  removed  as  soon  as  the  joists 
can  be  tied  into  the  walls.  Since  the  walls  are  provided 
with  air  space  plaster  may  be  applied  direct  to  the  interior 
surface  of  the  slabs  or  the  usual  furring  used  if  desired. 

The  exterior  is  stuccoed  directly  on  the  concrete  with  any 
finish  or  kind  of  stucco  desired. 

The  following  estimate  of  the  cost  making  and  erecting  the 
concrete  slabs  was  given  out  by  Needham  Brothers: 

Cement,  1  sack  at  $0.83% $  .835 

Oravel.  4  cu.  ft.  at  $0.14 560 

Sand,  2  cu.  ft.  at  $0.04% 090 

Reinf.,  10  lb.  at  $0.04 760 

Total    $2,245 

(The    above    quantities    arc    sufficient    for    three    slabs, 

1'  4"x  10'  0".) 

Cost  per  slab $  .74% 

Cost  per  sq.  ft.  of  slab 05  6/10 

Cost  of  making  slabs: 

One  foreman  at  $3 $  8.00 

Two  men  at  $3 6.00 

One  man   at  $3.50 3.50 

Total  cost  one  day's  operation $17.50 

(Above    gansr    will    make    25    slabs    per    day.     Cost    per 
slab,  70  ct.) 

Cost  of  material  per  slab $     .74." 

Cost  of  labor  per  slab 70 

Labor  and  material  per  slab $  lit.". 

Cost  per  sq.  ft.  of  slab \«  i  5 

Cost    erection    per   sq.    ft.    slab 01 

Cost  per  sq.  ft.  of  wall,  about 23 

The  slabs  and  the  system  of  using  them  have  been  patented. 

An  English  Patent  System  of  House  Construction. — A  sys- 
tem evolved  by  Col.  Kent  in  1919  to  meet  the  housing  prob- 
lem in  England,  by  reducing  the  cost  of  building  and  the 
time  of  erection,  incidentally  eliminating  most  of  the  skilled 
labor  usually  employed  on  the  walls  is  described  in  the 
February  Royal  Engineers'  Journal. 

The  system  is  based  on  the  "Pier  and  Panel"  principle, 
ttte  oiers  being  of  reinforced  concrete,  anchored  into  the 
foundations,  and  the  panels  consisting  of  long  thin  slabs  of 


concrete,  or  other  suitable  mat  I  hii  b  bridge  the  spaces 
between  the  piers. 

The  piers  and  slabs  are  pre-cast ;  the  former  have  bolts  cast 
horizontally  in  them,  projecting  inwards,  and  to  these  bolts 
the  slabs,  door-frames  and  window  names  are  secured  bj 
nuts,  by  unskilled  labor  in  a  very  short  time. 

In  an  ordinary  small  house  thi  et  up  at  4  ft.  6  In, 

Intervals,  and  the  bolts  are  set  at  is  in.  vertical  intervals,  the 
slabs  being  is  in.  high.  In  a  dwelling  house  there  are  two 
skins  of  slabs,  each  2  in.  thick,  with  an  air  space  of  5  in  . 
which  is  practically  continuous  both  horizontally  and  verti- 
cally all  round  the  bouse,  for  the  piers  do  not  block  more 
than  2%  in.  of  the  air-space,  leaving  2%   in.  clear. 

The  outer  slabs  are  secured  against  the  shoulders  of  the 
piers  by  means  of  saddle  blocks  ol  hard  wood  or  woodcrete, 
which  are  threaded  on  the  bolts  and  pressed  by  nuts  against 
the  vertical  edges  of  the  slabs.  The  inner  slabs  are  placed 
against  the  faces  of  the  saddle  blocks  (which  are  5  in.  deep) 
and  are  secured  there  by  nuts  on  the  bolts  or  by  the  cotter- 
pins.  The  nuts  will  usually  be  countersunk,  the  corners 
of  the  inner  slabs  being  rebated  to  1  in.,  and  the  inner  face 
of  the  wall  is  then  plastered  to  a  flush  surface. 


Sliding    Bearings    of    Annapolis-Granville 
Bridge 

The  recently  completed  highway  bridge  over  the  Annap- 
olis River,  connecting  Annapolis  Royal  and  Granville.  Nova 
Scotia,  presents  some  interesting  features.  One  of  these  is 
the  provision  for  expansion  by  the  use  of  sliding  bearings, 
for  all  spans  instead  of  the  usual  nests  of  rollers.  The  bridge 
consists  of  ten  through  riveted  steel  spans,  one  of  which  is 
a  swing  span.  It  provides  a  clear  roadway  of  16  ft.  with 
14  ft.  of  head  room  and  two  4%  ft.  sidewalks.  The  struc- 
ture contains  about  870  tons  of  steel.  The  bridge  is  made 
up  of  six  102-ft.  spans,  one  157-ft.  span  and  one  draw  span 
of  the  same  length,  one  109-ft.  span  and  one  294-ft.  span. 
We  are  indebted  to  The  Contract  Record  for  the  following 
information  regarding  the  sliding  bearings,  details  of  which 
are  shown  in  the  accompanying  illustration. 

The  lower  casing,  which  rests  on  a  steel  bed-plate  on  the 
pier  is  finished  on  its  upper  surface,  and  scored  with  oil- 
grooves.  This  surface  is  raised  %  in.  above  the  remainder 
of  the  base.  On  the  sides  parallel  to  the  center  line  of  the 
bridge,  5  in.  x  3  in.  x  7/16  in.  angles  are  riveted  to  the  base, 
and  the  upstanding  3-in.  legs  are  planed  down  to  %  in.  above 
the  bearing  surface.     These   angles   take   the   lateral  thrust. 


Details    of    Expansion    Shoe 
and    Bed    Plate. 
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Along  the  other  two  sides,  2%  in.  x  %  in.  flats  are  tap-bolted, 
and  all  joints  are  welded  or  packed  so  as  to  complete  a 
shallow  oil-tight  open  box  some  %  in.  deep.  The  bearing 
surface  of  the  upper  casting  fits  into  this  box,  and  2%  in.  x 
%  in.  flats  tap-bolted  to  it  around  its  projecting  sides  com- 
plete a  dust-proof  cover  for  the  box,  with  sufficient  clear- 
ances to  permit  of  the  movement  due  to  the  expansion  of  the 
truss.  An  oil  hole  is  provided  so  that  the  bearing  box  can 
be  kept  full  of  oil. 

The  bridge  was  designed  by  W.  Chase  Thompson,  Consult- 
ing Engineer,  Montreal.  Que.  The  above  type  of  expansion 
bearing  was  used  by  Mr.  Thompson  on  a  highway  bridge 
erected  in  1914  at  Lennox  Passage,  Nova  Scotia. 
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Maintenance   Methods    for    Highway 
Bridges  in  Minnesota 

■     suggi    Uoi  bridge  In  ipection 

and  particular  to    timber    Btruc- 

lures,  wen   given  by  E   J.  Killer,    Assistant  Uriil^i-  Engineer, 
Minnesota  Highwaj    Departim  ol  The 

Improvement  Bulletin,    n  practically  in  full: 

In  order  to  get  the  value  out   ol   eacb  bridge  in  thi 
when  once  it  is  built,  it  is  i  >  at       i"  have  a  definite 

maintenance  policy.    our  Btate  law  requires  thai  eacb  bridge 
Bpan  must  be  bu  annually.    Tins,  in 

-  .1  very  good  law  and  ha        two-fold  purpose:     First. 
Identa  ami.  second,  it  creates  the  ini 
fur  getting  a  dollar's  worth  ol  usi   out  of  every  dollar  spent  in 
bridge  construction. 

bridge  Moors  requln    i'n    frequent   renewals 
having   t>>  !"■   replaced   in   thn  riods      Wood 

and  Btringei  s  are  the  most   li .  ble 

—   may   appear  to  1"-   all   right    on    tin     Bides   and 
■  i"   75  i"T  cent  rotted  away  in  the  center,  leaving  but 
a  thin  shell  outside.     This  ni  ing  up  at   least  one 

floor  plank  in  each   panel  to   turn   the  actual  condition  of  the 
Btringers,  unless  other  in  to   detect    del 

timber. 

Testing  Condition  of  Bridges  with  the  Ice   Pick. — We  have 
usod  during  the  past  year  a  common  ice  pick  with  mi- 

-  in  examining  wooi  I  ires.    This  consists  of  a 

long  slender  steel  prod  tapering  to  a  very  sharp  point,  which 
can  be  nm  down  between  i  inks.     It  is  often  jabbed 

half   a   foot    into   a   defective    Stringer,    il    lotting    is    well   ad- 
Tliis    instrument    also    can    readily    bo    used    to    prod 
timbers  such  as  caps  or  m,   the 

soundness  of  the  wood  itself.    It  will  penetx  wood 

with  surprisin)    ease  and  enables  one  t •  >  make  sure  conclu- 

>undness,  When    t he  eyesight  would  probably  be 

doc-.  : 

Protecting    Tops    of    Stringers.     Winn    renewing    the    wood 

on  wood  stringers,  tin    tops  of  the  stringers  themselves 

should  always  have  sonn  ng,  inasmuch  as   the 

stringers  deteriorate  from   the  top  down.     This,  no  doubt,   is 

due  to  water  penetrating  and   following   the  spikes   down   into 

and    on    account    ol     the    tops    drying    off    last. 

Then     are    several    good    ways    of    protecting    the    tops    of 

rs,  any  one  of  which  ma)    be  used  to  good  advantage. 

One-  may   put   on  a  brush   coat    "t    creosote,    a  swab  coat   of 

hot  pitch,  a  coat  of  tar,  which  may  be  heated  if  it  is  too  stiff 

to   run   properly,    or   galvanized    iron    sheets   which    may   be 

placed  on  tops  of  stringers,  although  this  method  has  gone 

into  the  discard  on  account  of  its  cost  and  inconvenience  in 

placing. 

■ti   or  pitch  treatment  cm  the  tops  of  stringers  is  the 

pensive  and  from  investigation  uii  to  the  present  time 

is  at  least   equal  to  using  galvanized   iron.     Local  conditions 

very  often  determine  what  one  can  use,  as  all  these  materials 

are  not  readily  obtained  if  tl       tate. 

Wood    Bridge    Floors.     I    do   not  believe    that   single   plank 

floors  laid  ol  either  economical  or  practical  for 

I    day    traffic.      We    have    had    very    good   success   with 

;r  Bub-floors  cross'.',  ay.-  and  our  top  door  of  oak  2  ins. 

thick  laid  longitudinally.     This  oak  wearing  course  on  second- 

I-    need    be   onl>  0    ft     wide,    but   on    well 

or  primary  roads  should  be  the  full  width  of  the 

bridge 

Wh(  '  lOUld  he  laid  with  ',4-in  to  %-in. 

drainage-     When  using  an  oak  top  floor  the  sub- 

o  ote  or  hot  pitch 
in  orde,  t,,  retard  decay.    The  oak  wearing  cour  i 

Ith    tar    or    p  anded,    it    desired.      Such 

■    p]      It    and 

[ng  it. 
Tarvia  Concrete  Wearing  Surface.     Another  type  of  bridge 

Tins    i, 

! 

rolled   or  i  ti 
■•  g  thi 

paneli  in  length, 
The 

•id     il 


laid  diagonally,  using  20-fi    planks  on  a  16-ft.  width  roadway, 
ii  rable  added  Btlffni       I    obtained  in  the  floor  system. 
Il    the   sub-floor    is   ordinary    bridge    plank    the    cracks   and 
openings    shall    be    thoroughh     caulked    with    oakum    or    lath 

securely  nailed  ami  all  knotholes  should  have  tin  coverings 
tacked  mi  before  placing  wearing  surface,  if  the  bridge  Boor 
t'|  '"•  covered  with  tar  concrete  is  within  l Ilea  of  the 

Twin    Cities   and   require:    .it    Last    1,000   gals,   m    tar.   it    is  the 

most  expedient  ami  scon leal  method  to  truck  tin-  hot   tar 

In    the-   job    in    a    l.onii-);;, 1     ,1,    ml, i, tor.      The    reason    foi     ! 

that  t. ii'  can  in-  trucked  a  distance  ol  approximately  LOO  miles 
ami  delivered  hot  to  the  job  at   the  same  cost   that   it  can 

Dipped    in    barrels   and    heated    in    kettles, 
(inly    crushed    stones   should    he    used    in    laying    all    lar    con- 
•earing  com    ■  :   pebbles  have  the  disad  I 

of  starting  to  roll  under  direct  wheel  loads,    Seal  coati   on  tar 

Boor   should    i rably    bi     placed   a    month   or   two  after  the 

door  Is  completed  as  this  enables  inequalities  to  be  evened 
up  and  possible  ruts  to  >•■  removed  whicb  have  occurred 
under  heavj  travel. 

Creosote  Block   Floors.     Creosote  block  floors  may  be  laid 

on  plank  or  concrete  buI r     n  laid  on  plank  the  sub-floor 

should  be  tongue!  and  gn  ed  Such  Doors  are  very  satis- 
factory and  have  a  length   of  life  of  from   10  to  16  years.     It 

has  i i  a  matter  ol  ob  ervation  that  creosote  block  floors 

longer  length  ol  I       on  a  bridge  thi □  an  adjacent 

pavement.  This  is  possible  due  to  resiliency  In  the  bridge 
reducing  the  effect  of  thi  impact.  Asphaltic  concrete  floors 
ar.-  only  suitable  on  concrete  floors  and  should  be  laid  in  con- 
nection n  [th  the  paving  pro  eel 

Six  Points  to  Be  Remembered  When  Making  Bridge  In- 
spections.— Itridge  inspections  can  in  made  according  to  no 
set  rui.-s.  The  principal  object  of  the  Inspection  should  be 
io  look  alter  things  that   are  wrong.     The  following  general 

outline'   should   be   follow  ed 

first:     The  condition  of  the  floor  plank  and  stringers. 
Second:     The  conditi ..  the  steel  with  regard  to  rust  and 

paint. 

Third:      The  condition  of  the  expansion  devices. 

Fourth:  The  condition  of  the  railing  and  bridge  rails,  tak- 
e  regard  for  broken  units  and  condition  of  paint. 

Fifth:  General  strength  of  the  entire  structure.  The  maxi- 
mum safe  load  which  the  structure  will  carry  should  be  de- 
termined by  this  inspection. 

Sixth:  Recommendations  tor  repairs  and  method  of  carry- 
ing out  such  repairs. 

Painting  Steel  Bridges.  It  has  been  found  that  nine 
out  of  ten  steel  bridges  require  painting,  since  practically  all 
bridges  are  forgotten  once  they  are  built.  The  average  steel 
truss  will  have  a  length  of  life  of  only  20  years  if  no  attention 
is  paid  to  painting.  Therefore,  this  phase  of  bridge  mainte- 
nance should  be  very  diligently  taken  care  of.  Bridges  should 
be  thoroughly  cleaned  of  all  dirt,  scale,  rust  and  old  paint 
before  any  attempt  is  made  to  repaint  them.  A  structure 
very  badly  rusted  should  receive  a  first  coat  of  red  lead  and 
oil  and  then  a  second  coat  of  a  carbon  or  a  graphic  paint 
ol  the  I, .st  quality  obtainable.  The  old  adage  that  "The  best 
is  the  cheapest"  applies  with  especial  emphasis  to  bridge 
painting. 

A  structure  which  is  Misled  only  in  spots  and  in  local 
pockets  should  be  thoroughly  cleaned  and  scraped  and  such 
had  plans  tone  -bed  up  with  red  lead  and  oil  before  painting 
n uii  the  top  coat 

Steel  structures  si id  mally  be  painted  as  soon  as  the 

protection  surface  begins  to  show  signs  of  breaking  down 
and  rusting  is  about  to  take  place.  It  is  of  especial  im- 
-  thai  all  pockets,  corners  and  grooves  shall  be 
thoroughly  cleaned  ami  painted  .mil  that  the]  are  not  over- 
looked  "A  chain  is  do  Monger  than  its  weakest  link,"  and 
if  such  grooves  ami  pocket  an  overlooked  for  several  years 
one  may  find   that  entirely  rusted  through  and 

the  coll  i  ire  is  imminent, 

The   iii.unii  ii  adopted  olive-  green  as 

tandard  color  foi  ,,  has  adopted  the 

ins  of  a  sti  in  ii  :  ho-,  ing 

the  tin  [fog  i, ridges 

all  way 
maintenance  ol  way  departments  tor  a  numb 

Deductions    Arrived     At     from     Use     of     Pneumatic     P«lnt 

Machines.      Tin-    Mil  i,      Highway    I  ic-partmei)-'    has 

■'■    B    pneumatic     paint    machine-    during    the    laltr    part 
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of  the  last  season  and  the  following       ductions  were  made 
when  comparing  with  hand  painting: 

First:     The  air   brush  painting  has   proved  the   mo  I 
nomical. 

Second:  Painting  with  air  brushes  proves  the  most  thor- 
ough on  account  of  the  ease  of  gettin  Inai  cesslble 
places,  it  was  found,  however,  thai  i  <  verj  essentia]  to 
have  skilled  operators  on  account  of  t  ultj  of  knowing 
just  when  the  paint  coat  was  applied  i     I       proper  thickness. 

Bridge  railings  and  approach  rails  to  the  bridges  are  being 
painted  white  on  the  trunk  highway     s   tern  for  the  ": 
reason  of  reducing  the  possibilities  ol  accidents  and  making 
night  driving  less  hazardous. 

During  the  last  season  the  total  length  of  2.000  ft.  of  bridges 
have  been   painted  and  the  average  cc  I    per  lineal  foi 
all  conditions  was  $1.12.     This  cost  did  not  include  interest 
and  depreciation  on  equipment  used. 


Double  Track  Spans  Placed  on  Single  Track 

Piers 

A  notable  feature  of  the  renewal  of  thr  Cincinnati  Southern 

By.  bridge  over  the  Ohio  River,  now  nearing  completion,  is 
the  utilization  of  the  original  piers,  built  in  1876  for  single 
track  spans,  '"  'any  a  new'  superstructure  several  times  as 
heavj   and  designed  for  double  track. 

The  old  bridge  consisted  of  four  river  spans.  Two  of  these 
were  simple  fixed  spans  of  300  ft.,  the  third  was  a  fixed 
channel  span  of  519  ft.  and  the  fourth  was  a  symmetrical 
swing  span  of  370  ft.  center  to  center  of  rest  piers,  this  swing 


Y~,  — ;  —  t  s  ^f  I  bars  through  ho/qs  in  column  from  fop  fo  bottom 


■vert,  bars  Z4otn.      Sec,,on  AA 

£8-3$ 


■  Top  of  old  pier 


span  being  intended  for  use  at  times  of  high  water  when 
there  would  be  insufficient  clearance  under  the  519  ft.  span. 
All  of  the  spans  were  of  wrought-iron,  Whipple  trusses  on 
limestone  piers  carried  to  rock  (blue  limestone)  foundation 
by  the  open  copper  dam  process.  The  new  spans  average 
8,200  lb.  per  lineal  foot  of  bridge,  while  the  old  519-ft.  span 
averaged   4,500    lb.  per  foot  of   bridge.     The   design   loading 


fur  the  new    span  is  Cooper'*  i     pan     were  de- 
signed ini  a  live  load  of  1,800  w  al  torn  of  bi 

To  support  trusses  spaced  3  enter  I il 

piers  having  a  top  length  of  on  il  28  tl    ovi  c  the  coping 

was  by  no  means  tin'  least  of  the   problems  lm] I 

renewal   of   the   bridge.     Portunatel;     the  over-all   length   of 

the  piers  at  the  top  of  the  stat  below   i be  >  i 

was  about    12   It.,  therein    offering  olutlon   in   the  recim 

tien  hi  the  pier  above  that   point     The  greal   i sentra 


Erecting   One   of  the  Steel   Columns   Used  to   Strengthen   the   Piers. 

to  be  imposed  by  the  new  span,  together  with  the  need  of 
supporting  the  existing  span  during  ere'etion  of  the  new 
work,  called  for  the  use  of  structural  steel  bents  as  a  means 
of  applying  the  new  load  to  the  piers  The  starling  coping 
was  removed  and  enough  of  the  pier  ends  cut  away  to  make 

room  for  heavy  steel  columns  and   grillage   E ings  to   take 

the  end  bearings  of  the  new  trusses.  To  apply  the  load  as 
far  from  the  end  of  the  pier  as  possible,  these  columns  were 
inclined  inward  so  that  the  bases  are  14  in.  closer  to  the 
center  line  of  the  bridge  than  the  tops  of  the  columns,  the 
resultant  outward  thrust  at  the  top  being  resisted  by  tie 
members  extending  across  the  faces  of  the  piers  and  con- 
necting the  tops  of  each  pair  of  columns*.  However,  appli- 
cation of  the  superstructure  load  is  to  be  further  distrib- 
uted (following  the  removal  of  the  old  spansl  by  taking 
down  enough  of  the  pier  top  between  the  columns  to  permit 
the  introduction  of  three  cross  girders.  These  will  serve  as 
diaphragms  connecting  the  two  columns  of  each  pair  and 
will  be  wedged  up  on  the  masonry  so  that  a  considerable 
portion  of  the  column  load  will  be  distributed  to  the  center 
port  inn  of  the  pier. 

The  top  of  the  piers  will  be  jacketed  with  concrete  to 
enclose  the  structural  steel  and  provide  a  bridge  seat  and 
coping. 

At  Pier  :'.  an  additional  complication  is  introduced  in  pro- 
viding a  seat  for  the  lifting  equipment  required  for  the  mov- 
able span.  This  necessitated  a  pair  of  cantilever  girders 
projecting  from  the  side  of  the  pier.  Pier  1  at  the  south 
end  of  the  lift  span  is  on  pile  foundation  and  has  been 
completely  encased  in  a  heavy  concrete  jacket,  also  on  pile 
foundation. 

The  work  is  described  in  Railway  Age,  from  which  the 
above  note  and  illustrations  are  taken. 


San  Francisco  Industrial  Association  Starts  Trade  School. 
— The  Industrial  Association  of  San  Francisco,  which  has 
charge  of  the  labor  relations  of  the  section  of  the  building 
industry  operating  under  the  open  shop,  has  started  a  trades 
school  which  will  eventually  provide  courses  in  most  of  the 
skilled  building  crafts. 
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The  American  Construction  Council 

Th.  the  i  onetruction 

Industry  were  outlined  bj   Arthur   s    Bent,  president   ol  the 

ii  !.. :  al  Contrai  toi  n  an  address 

tmbei  ol  the  United 

from  which  I  Ion  ln|  nken. 

To  Unite  All  Elements.— For  the  first  time  In  the  history 

Of   American    industrial    <!.  \-  great     industry    will 

through   an  organization    known    a-    the    American 
Council  to  unite  all  of  us  elements,  including 
architi  .  I        ■  Dgln   ■ 

of  construction  labor,  maimfact  material  dealers,  repre- 

•  mmem  bur...;.  and  public  Utllit]  depart- 
ments in  an  effort  to  raise  the  standard  and  efficiency  of  the 
construction  industry  and  to  Improve  the  Bervlce  which  that 
industry  renders  the  public.  The  Dearest  precedent  tor  such 
an  effort  is  that  furnished  by  the  motion  picture  Industry  In 
its    a'  ordinate    all    ol    it-    principal    factors   and 

produce  under  able  leadership  the  best  of  which  that  industry- 
is  capable. 

The  American  Construction  Council  will  bring  together  the 
many  component  parts  which  make  up  the  industry  and  will 
carefully  analyze  their  common  problems  looking  toward  a 
better  understanding  of  them  and  toward  a  satisfactory 
solution  of  these  problems. 

I'ntil  recently  each  branch  in  this  great  industry  has 
looked  aft.r  its  own  interests,  unconscious  of  its  co-operative 
responsibility  to  the  other  elements  and  very  often  indifferent 
to  the  welfare  of  the  public.  Since  the  late  war  the  lack 
of  co-ordination  of  mutual  understanding  and  of  consideration 
for  the  public  has  been  more  evident  than  in  previous  years. 
It  was  necessary  to  postpone  all  but  essential  construction 
during  the  war,  leaving  at  the  close  of  1918  an  enormous 
deferred  volume  of  construction  work.  In  1920  we  began  to 
catch  up  only  to  fall  back  again  in  1921;  today  we  have  a 
deferred  program  in  construction  amounting  to  over  $15,000,- 
000,000.  Of  the  housing  shortage  the  general  public  is  well 
aware.  A  similar  shortage  exists  in  every  branch  of  con- 
struction We  have  not  enough  office  buildings,  or  schools, 
terminals,  railroads  or  highways,  while  water  supply  systems, 
hydro-electric  power  stations  and  reclamation  projects  are 
far  behind  present  needs.  The  230  national  associations  in 
the  industry  have  discovered  much  duplication  of  effort  and 
also  their  inability  to  grapple  effectively  with  the  problems 
that  extend  beyond  their  own  special  fields.  Each  is  ready 
and  anxious  to  submit  its  common  problems  to  an  all-embrac- 
ing organization  which  will  strive  for  an  elimination  of 
duplication  and  waste  and  for  more  effective  work.  These 
organizations  appreciate  that  the  public  has  a  right  to  de- 
mand immediate  action  through  such  an  effective  movement 
as  just  described — a  movement  dedicated  to  the  improvement 
of  the  service  which  construction  renders  the  community, 
states  and  nation. 

The  tremendous  possibilities  of  such  an  organization  natur- 
ally appealed  to  Secretary  Hoover's  passion  for  efficiency  and 
standardization  and  have  induced  him  to  consent  to  presiding 
at  the  formal  organization  meeting  and  Mr.  Franklin  D.  Roose- 
velt to  accept  the  presidency  of  the  organization. 

What  the  First  Efforts  of  the  Council  Will  Be.— The  first 
efforts  of  the  council  will  be  devoted  to  a  solution  of  the  more 
pressing  of  the  many  problems  which  await  settlement. 
Among  the  most  important  of  these  are: 

The  formation  of  a  code  of  ethics  acceptable  to  the  industry 
and  to  tbe  public; 

The  gathering  of  adequate  statistics  so  that  the  industry 
may  operate  Intelligently.  While  there  are  partial  statistics 
collected   by  many  sour  ,  ve  not  been   brought  to- 

gether and  interpreted  In  the  light  of  all  the  facts; 

ii  Hon  "i  the  n  itlona]  shortage  of  building  mechanics 
and     the     establishment     of     the    necessary     apprenticeship 

study  of  building  codes  and  the  working  out  of 
a  program  for  carrying  ri  tlons  into  effect; 

A   revision   of   the  existing  freight  rates  on   construction 

tion  of  the  construction  industry  to  mitigate  the 
■  i  ade   migration   of 
labor; 

nent  of  local  building  shows  and  the  adop- 
tion of  a  publicity  |  pable  of  giving  the  public  an 


adequate  conception  of  tin-  magnitude  and  work  of  the  con- 
00   industry. 

In  a  r.cent  letter  to  II  M  I1  Ugbi  rtj  attorney  General  of 
the  United  States,  Secretar>  Hoover  made  \\w  following  com- 
ment on  the  Importance  i  d  ol  the  above  mentioned 
it. 'ins     Die  aeed  ei  .-tan  ii. 

Commercial  progress  in  Industry  has  always  been  meas- 
ured by  the  advance  in  knowledge  of  those  engaged  in  indus- 
try. It  is  impossible  for  men  to  acquire  or  secure  all  possible 
knowledge  at  one  time,  its  acquisition  is  a  growth  resulting 
from  continuous,  Intelligent  Inquiry.  The  knowledge  of  an 
industry  that  is  necessary  and  essential  to  its  success  must 
embrace  all  facts  and  circumstances  that  will  in  any  way 
influence   that   industry. 

The  Council  will  not  aim  to  set  up  another  association, 
but  rather  to  be  a  council  .it  existing  associations  for  the 
del  elopment  of  the  best   standards  in  the   industry. 

Organization  of  the  Council.  In  its  organization  the  Coun- 
cil will  be  made  up  of  th.  following  groups,  each  with  equal 
voting  power:  Architects,  engineers,  construction  labor,  gen- 
eral contractors,  sub-contractors,  material  and  equipment 
manufacturers,  material  and  equipment  dealers;  bond,  in- 
surance and  real  estate  interests,  construction  departments 
of  public  utilities,  and  the  construction  departments  of  fed- 
eral, state  and  municipal  governments. 

The  value  of  this  form  id'  super-organization  has  already 
been  proved  by  the  success  of  the  National  Board  for  Juris- 
dictional Awards  and  the  Joint  Conferences  on  Estimating 
and  Standard  Construct nm  Contracts.  The  American  Con- 
struction Council  will  be  the  result  of  a  natural  economic 
demand  for  an  effective,  fully  representative  medium  neces- 
sary for  the  growth  and  prosperity  of  a  great  industry.  It 
is  a  logical  step  in  the  evolution  of  our  industrial  system 
and  it  is  significant  that  construction,  the  key  industry  of 
the  country,  is  the  leader  in  this  movement. 

A  few  of  the  250  national  associations  which  have  been 
invited  to  become  represented  in  some  one  of  the  ten  groups 
of  the  American  Construction  Council: 

American  Institute  of  Architects, 

Federated  American  Engineering  Societies, 

American  Association  of  State  Highway  Officials, 

Associated  General  Contractors  of  America, 

Building  Trades   Division,  American   Federation   of   Labor, 

National  Building  Trades  Employees'  Association, 

National   Federation  of  Construction   Industries, 

National  Building  Congress, 

National  Association  of  Supply  Dealers, 

Associated  Tile  Manufacturers, 

National  Builders'  Supply  Association, 

National  Association  of  Builders'  Exchanges, 

Contracting  Plasterers'  International  Association, 

National  Association  of  Real  Estate  Boards, 

Heating  and  Piping  Contractors'  National  Association, 

Common  Brick  Manufacturers'  Association, 

National  Association  of  Sheet  Metal  Contractors, 

American  Railway  Engineering  Association, 

Bureau  of  Public  Roads, 

Insurance  and  Bonding  Companies, 

National  Banks  and  Trust  Companies, 

American  Bankers'  Association. 

That,  gentlemen,  is  the  great  idea  and  its  tentative  set  up. 

It  is  felt  that  the  American  Construction  Council  through 
the  strong  support  of  these  great  national  organizations,  will 
make  a  very  important  contribution  to  the  industrial  pros- 
perity of  tbe  nation. 

The  keynote  of  this  convention  has  been  the  vital  need  to 
recognize  that  the  business  era  of  individualism  has  definitely 
passed,  and  that  our  success,  indeed  our  very  existence,  can 
be  insured  only  by  co-ordination  and  co-operation.  The  suc- 
cess of  the  American  Construction  Council  will,  it  is  hoped, 
point  the  way  for  every  other  American  industry. 


Weight  of  Roof  Covering  Materials. — The  following  weights 
of  roof  coverings  have  been  published  in  connection  with  a 
campaign  for  fire  prevention,  and  are  accompanied  by  the 
statement   il.       Hi  fhth  of  all  fire  damage   in   this 

country  results  from  fires  communicated  through  roofs.  The 
weights  are  all  per  loo  square  feet  of  roof  surface.  Pre- 
pared roofing  in  rolls  :ir>  to  100  lbs.,  wooden  shingles  about 
200  lbs.,  fire  resistant  asphalt  shingles  about  220  lbs.,  slate 
660  to  BOO  lbs  .  lib-  B50  to  1,200  lbs. 
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Trend  of  Prices  of  Building  Material 

and  of  Building  Wage  Rates 

Since  1913 

That  the  years  during  and  since  the  World  War  have  wit- 
nessed radical  changes  in  the  wage  rates  of  the  building 
trades,  and  not  only  radical  but  spectacular  changes  in  the 
prices  of  building  material,  is  forcefully  brought  out  In  an 
article  In  the  May  Monthly  Labor  Review,  published  by  the 
D,  S.  Department  of  Labor  through  the  Bureau  of  Labor  Sta- 
tistics. To  show  relatively  the  changes  that  have  taken 
place  since  1913,  the  accompanying  chart  and  table  of  index 
numbers  are  drawn  from  the  Review 

Wholesale  prices  are  available  month  by  month,  but  union 
wage  rates  are  available  only  as  of  .May  15  each  year,  con- 
sequently their  change  from  month  to  month  cannot  be  shown. 
However,  the  building  trade  wage  rates  have  experienced  no 
such  wide   fluctuation  as  have  building  material  prices.     So 


far  as  the  large  cities  are  concerned,  the  union  wage  rate  is 
the  prevailing  rate,  if  not  the  only  rate,  for  the  city. 

Beginning  with  1917  building  mat.  rial  prices  constantly 
advanced  above  building  wage  rates  until  1920,  in  the  spring 
of  which  year  building  material  as  a  whole  had  reached 
triple  the  prices  of  1913  and  w ;.  a  whole  had  nearly 

doubled  the  level  of  1913.  Beginning  with  the  spring  of  1920 
and  continuing  through  into  1921  there  was  a  heavy  fall  In 
building  material  prices.  Building  wage  rates,  however,  more 
than  held  their  position  between  and   1921.     The  change 

in  the  carpenters'  wage  rate  practically  coincides  with  that 
of  all  building  wage  rates  combined. 

In  the  table  one  column  shows  the  change  in  building  mate- 
rial prices  as  a  collective  group  and  another  shows  the  change 
in  building  wage  rates  as  a  whole.  Other  columns  relate 
to  two  of  the  principal  materials  used  in  home  building  and 
two  of  the  principal  trades.  The  Review  does  not  give  fig- 
ures for  each  of  the  other  items  of  building  material  or  the 
other  building  trades.     The  section  of  the  table  applying  to 


19)4  19J5  1916  1<5|7  19|8 

Trend   of   Building   Trade  Wage   Rates  and   Wholesale   Prices   of 


1919  \9{0 

Building    Material. 


INDEX   NUMBERS   OP   THE    LOWEST.   HIGHEST   AND   AVER- 
AGE   WHOLESALE     PRICES     OP     BUII.I  >ING     -MATERIALS 
IX    EACH   YEAR,    AND   OP  UNION    MAGE    RATES    PER 
HOUR  IN  MAT.  1913,  TO  1921. 
Building   Material,    Average,    1913    =    100.     Union    Wage  Rates, 
May,   1913   =   100. 

All  building 
All  trades      Brick-  Carpen- 

building  Brick,     combined  layers        ters 

Year.  materials.  Lumber,  common.   (May).     (May).     (May). 

1913— Lowest     ...       96  95  99 


Highest     . 

.     103 

104 

101 

Average    . 

.     100 

100 

100 

1911 — Low  est 

88 

87 

99 

HigheS'      . 

.       94 

94 

99 

Average    . 

92 

92 

99 

1915— Lowest     . . 

.       8S 

87 

96 

Highest 

.      1"! 

97 

102 

Average 

94 

89 

99 

1916 — Lowest    . . 

.     110 

99 

101 

Hi3hest    . 

.     132 

108 

125 

Average    . 

.     120 

102 

108 

1917— Lowest 

.     138 

113 

125 

Highest    . 

.     169 

114 

139 

Average    . 

161 

135 

132 

191S — Lowest     . . 

.     161 

148 

149 

Highest    . 

.     179 

161 

194 

Average     . 

.     172 

155 

176 

1919— Lowest     . . 

.     169 

158 

202 

Highest    . 

.     248 

292 

213 

Average    . 

.     201 

210 

■      206 

1920 — Lowest     . . 

.     204 

209 

21.". 

Highest    .. 

.     300 

373 

295 

Average    . 

.     264 

307 

279 

1921 — Lowest     . . 

.     156 

151 

204 

Highest    . 

.     192 

194 

272 

Average    . 

.     165 

163 

232 

1922 — January     . 

157 

i*;t; 

204 

Februnrv 

.      156 

I6S 

202 

March     . . . 

.      155 

164 

200 

100 


100 


100 


prices  is  abridged  to  give  only  the  lowest,  highest,  and  average 
index  numbers  for  each  year. 

In  presenting  these  figures  it  is  stated  that  a  revision 
back  to  1913  has  been  made  in  the  index  number  of  wholesale 
prices  of  building  material  previously  published.  Prices  of 
lumber  have  been  obtained  in  more  representative  markets. 
In  addition,  structural  steel,  nails,  pipe  and  a  number  of 
other  articles  are  now  included  under  building  material. 

American   Machines   and   Structures  in   Foreign 
Fields 

Equipment  for  the  electrifications  of  the  Chilean  State 
Railways  under  a  contract  for  an  initial  installation  amount- 
ing to  about  $7,000,000,  was  shipped  by  the  Westinghouse 
Electric  &  Manufacturing  Co.  early  in  June.  Among  ihe 
items  of  the  shipment  are  three  8,125  kva  generators  for 
the  water  power  plant  on  the  Rio  Colorado.  There  will  be  a 
37-mile  transmission  line  of  110,000  volts. 

The  Siam  State  Railways  have  transmitted  to  the  United 
States  Department  of  Commerce  through  the  TJ.  S.  Counsel 
at  Bangkok  a  form  of  tender  and  specifications  for  the  supply 
of  superstructures  for  steel  railway  bridges  totaling  35  spans 
and  1.485  meters  in  length.  Tenders  must  be  in  the  office 
of  the  Siam  State  Railways  in  Bangkok  not  later  than  Oct.  1, 
1922.  Copies  of  the  papers  submitted  for  the  use  of  Amer- 
ican bidders  may  be  obtained  from  C.  P.  Sandberg,  143  Lib- 
erty St.,  New  York  City. 
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Proper   Finishing   and    Protection   Against 

Rapid  Drying,  Important  Features  of 

Concrete    Floor  Construction  * 

By    .1      K     FH  \\ 

Th.  onstructlon  of  the 

gi  ii- 1 .illy  Hi,.  ■  es  v.  in.  h  at.    given  i  "ii 

m  bj   the  architi  ■  •  I :  ■    little 

thougl  to  •  i   finishing  ol  the  Boor 

•   ■     Influi  ■ 
upon  •  i  pected  trom  thi 

Many  ■  no  more  than  a  perfunc- 

thi  ers. 

al  Ions  and    repori      how  ei  er,   ha\  e    Bhow  n 
.  ■  ■;  ■  ■    Rnl  hlng   and    protection    .-. 
trying  during  early  hardening,  bo  it  la  righl  to  expecl 
thai  more  attention  will  be  given  this  pari   ol  the  work   In 

I  lo  the  ov.  ner  ae  wi 

•  ngl i man  maj    h:i\ e  excellent 

plant  I  he  essential 

atributed  to  thi  Another  »»  ner  In 

■   maj   And  thai  .1  Boor  laid  in  his  building 

trouble    trom    dusting   and   he   assu a   thai    there    is   some 

Inherent  difficulty  in  the  construction.     Yel   be  walks  ever; 
rm,  durable   sidewalks  01    travels  miles  over  con- 
lubjected  to  much  traffic  and  showing  little  or 
■   ol  wear  un  li 

imparing  Boors  with  sidewalks  or  roads  this  Cai  1  should 
•  i     a  sidewalk  or  road  is  continually  being  wetted 
on  the  surface  by  rain  or  melting  snow,  while  a  floor  within  a 
bulldinf  uiiial  moisture  within  the  '"ii 

ler  also   thai   experience  has  shown 
tance  to  ma. is  and  streets 

under  heavy  traffic  to  be  due  In  large  measure  to  the  reten- 
ture  in  the  concrete  while  hardening  during  the 
first  two  w.-..ks  after  construction,  either  by  pounding  or  by 
an  earth  blanket  kept  wet  Ponding  means  dividing  the  sur- 
face area  into  short  sections  bj  dykes  and  covering  it  with 
water  to  the  deptt.  Practicallj    all   state 

highway  dep  squire  som<    such  method  ol   protect- 

ing thi  luring  early  hardening,  usually 

for  twi  t  a  too  early  1  vapora- 

tion  of  :  by  rapid  drying. 

Few  Concrete  Floors  Properly  Protected  During  Hardening. 

protect  Ion 
during    this    period.      They    may    I"  U3     sprinkled 

during  the  fit sr  two  or  ii.  ■     i         ,  hed,  but 

nd  n  the  weather  is  hot  they 

11  industrial  plants 

but  indoor   p  ten   to  heavj    traffli    and 

ton  treatment    which 

l-.c*  ■  bile  hardening  has  even 

travel  I  ices  Buch   as 

porch  floors    n  is  strange  that  the  net  .1  [01 
In   thi  as   not    been    more    tall] 

brought  about  by  comb) 
■'  and  this  change  1 

mixing   watei    Is    removed   by 
•  fore  the  proper  time. 
Thia  men!  Moors  often  Beem  to  be 

harder  than  •  ■  ,,„,  below  ground  p 

rapid  an  evaporation  of  moisture  In  the  concreti 
with  md     v,t   e\  en    1 

d  during  warm  weather,  somi 

Proper   Protection    Increases    Resistance    to    Wear-   I' 

ban 
■  ngth  of  the 

11    other 

• 
■n.  1  li  an  Ci  - 
Institute   ami    •nil. 


practice  In  Boor  construction    require  that   the  surfaci 

• 'ete  Hour  be  covered  with  damp  Band,  eti  .  tor  a  period 

1st  ten  days  artei  Bi      ilng    This  practice  « ill  produ<  1 

•">  Increase  ol  over  7B  pei    cent   In  c pressive  Btrength  and 

a  similar  in.  res  a  ni  resistance  to  wear. 

on    1:2    cement    mortar    such    as    ordinarily 
Bpecifled  tor  floor  surfaci  •■■■    ring  .1  90-daj   test   period 

thai   10-da]  protection  to  keep  the  water  In  th 

mixture  trom  evaporating  will  produce  a  50  per  <  •  - n t  in 

trength  and  al  least  a  corresj ling  lm 

In  resistance  to  wi 
Protect  Ion  tor  20  daj  1       till  great  1  and   in 

te  road  construction  .vhere  great  strength  and  resist 
ance  to  abrasion  are  di  Ired  Buch  protection  is  generally 
Bpecifled. 

Clear lj  this  feature  ol  protection  during  earlj   hardening  is 
decidedly   worthwhile.    For  a   slight   additional   care   h 
Btruction  the   returns  mea  tired   In   service   rendered   bj    the 
floor  are  Increased   bj    ovi      iO   per  cenl   for  practicallj    the 
sain..  Investment  In  materials  and  labor  Involved  In  the  con- 

>|  ol   the  11 [dent,  tor  It   li    thi 

sen  Ice  given  and  not  thi    Bi   1  cost  that  desei  ve 
consldi  1 

Economy    of   Good    Floor    Finish.— The    1921    Report    of  the 

1  mittee  on  Cement  Floor  Finish  of  the  American  concrete 

Institute  contains  the  following  paragraph  with  reference  to 

this  BUD  lei  1 

"It  maj  be  urged  that  conditions  as  to  money  and  time 
available  for  ordinary  commercial  structures  as  usually  built 
do  not  allow  the  carrying  out  of  the  provisions  given  below 
tor  Insuring  proper  floors,  but  all  Interested  Bhould  lose  no 
tunitj  ol  urging  upon  architects,  engineers  and  owners 
the    ultimate    Bnancial    tain    possible    for   the    owner 

'ii    with    the   original    installa- 
tion.   For  instance,  a     urface   constructed   according  to  the 
■ . .nun. 11, 1.  d  pi  .n  herein,  namely,  ■"•,  to  1  in.. 

wearing  course  applied  ome  time  after  the  supporting  sin I. 
is  poured,  can  probablj  be  produced  under  1920  conditions 
tor  15  cts.  per  square  foot,  while  the  poorest  surface  described 
would  .nst  at  least  :.  cts.  per  square  foot.    Under  ordinarily 

traffic,  thi    lattei    sui  face  will   no  doubt   at   oni 

tor  the  application  of  a  liquid  hardener,  paint  or  other  remedy 

1  ol  trom  3  to  5  cts.  per  square  toot  and  In  the  course 

to  ti\c  years,  for  the  renewal  of  the  surface  at  a  cost 

10  to  25  1  1      per  squan    foot,  thus  making  the  Bnal  cost  of 

the  poor  finish  much  greatei     [J  properrj  managed  practically 

no    time    need    be    lost,    but    even    though    the   recommended 

method  moans  a  postponement  of  the  use  of  the  building  for 

od  of  two  weeks  to  one  month,  which  Bhould  be  ample 

time   tor   pr n    application    and   curing,  assuming    that    the 

rental  value  of  the  spaci  i  iO  ci  pel  qu  ire  foot  per  annum. 
this   means   an   addition;  ol   about    2   to    1   cts    l"'i 

square  toot,  while  thi  m  ease  In  wearing  qualities  may 
rane,.  up  to  50  per  cent,  to  say  nothing  of  the  loss  and  incon- 

arising  froi  n  uption  of  operations  to 

and  replace  defective  sui  faces." 

Wet  Mixtures  Not  Needed.  The  arguments  advanced  for 
the    protection    of    floor    surfaces    during    early    hardening    to 

retention  of  moisture  in  the  concrete  mixture  do  not 

■    point  to  a  need  for  wel  mixtures.    On  the  contrary, 

ona  have  shown  the  great  detrimental  effect  which 

Ci     B   Of    water   in    mixing    concrete   or   mortar    will    have 
upon   its  strength   an, I    n     Istance   to   wear. 

it  has  been  found  that  one  definite  quantitj  of  water 
combined  with  a  given  mixture  oi  cement  and  aggregates  will 
produce  the  maximum  trength  possible  tor  that  mixture,  and 
thai    Increasin  a     this  quantity  is  accomi 

by  a  rapid  reduction  in  the    trength  of  the  com  rete 
F01   example,  if  the  amount   ol    water  used   le 

ni  required  foi    maximum  strength,  the  streu 
tilting  concrete  will  be  reduced  bj  about  80  pei 
should  slightly  over  30  per  cent  excess  of  water  be  used,  only 
about  on.  ball   tin    po    Ible  Btrength  of  I         oni  rete  will  be 
obtained, 
While    too    little    water   also    has    the    effect   of   reducing 
th,  the  tendency    In  construction  has  been  to  use  an 
of  water,  pri  oupj    mixture,  par- 

'    floor  topping.   Thia  an ata  practically  to 

Ing  cement,  for  thi  1   nl   1 water  than  aei  1 
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in  a  1-sack  batch  to  make  a  plastic       ocrete,  produces  the 

s"ame  reduction  in  strength  as  if  2  or  ::  lbs.  of  cement  had 
been  left  out  of  the  mix.  While  in  most  types  of  construction 
the  quantity  of  water  required  for  maximum  strength  would 
not  make  a  concrete  sufficiently  workable,  strength  must  be 
sacrificed  as  little  as  possible  and  the  safest  rule  to  follow  is 
the  use  of  the  smallest  quantity  of  i  in  water  thai  will 
produce  a   workable,   plastic  mixture. 

The  mortar  for  tloor  surfaces  should  be  mixed  and  p 
in  a  stiff  plastic  condition  such  that  it  must  be  handled  from 
the  barrows  with  shovels.  Methods  of  proportioning,  mixing. 
nl. i.  ing  and  finishing  that  will  enable  the  builder  to  keep  the 
water  content  within  the  lowest  practicable  limits  are  of  the 
utmost  importance  because  of  the  increased  strength  and 
resistance  to  abrasion  thus  obtained.  The  gist  of  the  matter 
might  be  summed  up  in  the  following  rule  as  applied  to  floors 
or  to  any  other  concrete  work:  Put  the  exci  ss  water  on  the 
concrete  during  early  hardening,  not  in  the  concrete  when 
mixed. 

Architects  and  engineers  should  find  out  whether  contrac- 
tors' bids  on  floor  construction  include  provision  for  proper 
protection  during  early  hardening,  etc.,  when  they  realize  the 
greater  returns  thereby  secured  on  the  owners'  money  invest- 
ment. Contractors  should  realize  also  the  benefits  of  estab- 
lishing a  reputation  for  firsi-class  floor  construction  by  care- 
ful, conscientious  workmanship. 


Discharge  and  Tower  Chutes  Operated  by  Eleva- 
tor  Bucket 

A  device  for  operating  the  discharge  chute  of  the  concrete 
mixer  by  means  of  the  elevator  bucket  is  -hewn  in  the  accom- 
panying  sketch,   reproduced   from    Successful    Methods: 

As  the  bucket  descends  it  comes  in  contact  with  a  channel 
iron  hinged  at  the  bottom  of  the  tower.  A  I1;  in.  by  %  in. 
steel  flat  connects  this  channel  iron  to  the  tower  chute  by 
which  the  tower  chute  is  tilted.  Another  flat  used  in  connec- 
tion with  the  shafts  and  levers  which  arc  furnished  with  the 
mixer  for  hand  operation  pulls  down  the  discharge  chute 
Of  the  mixer.     When  the  bucket  is  raised,   a  counterweight 
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"ortt/  0/>er-af/o/r 


typf 


'Mfre, 


>Ycr  Orum 


ex/er't/ad  pat/  miter 
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Preliminary  Estimate  Figures  for  Factory 
Buildings 

Figures    intended   to   serve   g  ■.  ,    the    rapid   prep- 

aration ol  a  preliminary  estimate  of  the  cost  of  a  factory,  of 
either  the  standard  mill  construction   type  oi    the  usual 
ol   reinforced  concrete  construe!    i  iven  by  Charles  F. 

Dingman  of  Palmer,  Mass.,  in  thi  April  issue  of  Concrete. 
\\v  quote  as  follows  from  Mr.  Dini       a 

It  is  not  intended  that  this  mi  be  used  as  a  sub- 

tor  the  detailed  quantity  survey  method  of  estimating, 
though  it  may  be  u  'ck  on  the  results  obtained  in 

that  way,  but  this  method  is  much  more  accurate  than  the 
usual  method  of  using  the  unit  cost  per  square  foot  of  one 
building  to  estimate  the  cost  of  a  building  of  similar  con- 
struction, but  of  different  dimensions. 

When  it   is  remembered  that  the  relative  amounts  of  floor 

ill  costs  change  with  every  change  in  the  shape  of  the 

building,  it  will  be  appreciated  that  a  square  foot  price  which 

might  apply  for  a  small  square  building  might  not  apply  at 

all  for  a  larger  oblong  building. 

This  method  of  preliminary  estimating  was  not  originated 
by  me;  all  1  claim  for  the  present  figures  is  that  they  have 
been  computed  on  the  basis  of  current  prices  and  verified 
by  comparison  with  prices  for  buildings  actually  placed  under 
contract.  I  usually  find  that  a  preliminary  figure  made  this 
way  will  come  between  the  high  and  low  figures  submitted 
as  final  bids.  It  is,  therefore,  safe  for  use  for  the  purpose  for 
which  it  was  intended. 

PRELIMINARY    ESTIMATE    FIGURES 

i  K.  \  isi  (3    to    Nov.    2       1921.) 
F.   Dingman,   M.  Am.   Soc.   C.   E.,  and   verified 
mpanson  with  costs  ol  bu 
under  conn 
MILL  CONSTRUCTION— WALLS    \Nl>   FOUNDATIONS— 
i   :.   LINEAR   FOOT. 

le.  Inside. 

:  ory    ;    18  30 

>  v    28.60 

Three-story     51.70  3S.40 

Four-storv     

ry     

123.10  106.00 

Tar-rok.  hm.  and  maple  floor 

Floor   construction 58   per  sq.   ft. 

Lining   floor,    extra 06    Per   sq.    ft. 

Roof    construction r, 4   per  sci.    ft. 

Saw  tooth  roofs,  wood  sash 69   per  sq.   ft.   additional 

Saw  tooth  roofs,  G.  I.  sash 90   per  sq.   ft.   additional 

Stairs    ft.  rise 

Plumbing    $200.00  for  first  2.500  sq.  ft. 

100.00  for  each  added  2.500  sq.  ft. 
REINFORCED   CONCRETE   BUILDINGS— OUTSIDE   WALLS, 
INCLUDING   FOUNDATIONS.    COLUMNS,    ETC 

i  i   ■    story  his* %  16.10  per  lin.  ft. 

Two  stories  high 33.40  per  lin.  ft. 

Three   stories   high 53.20  I'.-r  lin.  ft 

tories  high 74.26  per  lin.  ft. 

Five   stories   high 98.50  per  lin.  ft. 

Six   stories   high 126.00  per  lin.  ft. 

INTERIOR  COLUMNS 

high $  80.00  each 

Twi     stories  high 141.00  each 

Three   stories   high 190.00  each 

Four    stories    high 274.00  each 

Five  stories  high 355.00  each 

ries   high 450.00  each 

Stairs  $35.00  per  ft.  of  rise 

FLOOR    AND    ROOF    CONSTRUCTION. 

■  men',  on  earth $0.23  per  sq.  ft. 

L.  L 97  per  sq.   ft. 

Reinforced  floors,  Inc.  topi  L.  L 1.09  per  sq.  ft. 

150  lbs.  L.  L 125  per  sq.  ft. 

300  lbs.  L.  L 1.37  per  sq.  ft. 

Reint    :  350  lbs.  L.  L 1.46  per  sq.  ft. 

R.  ■  •  ring 3  per  sq.  ft. 

add 22  per  sq.  ft. 

1  louble  wood  floor,  add 29  per  sq.  ft. 

Hardener,  add    06  per  sq.  ft. 

INTERIOR  PARTI'I 

Per  linear  foot 
1    sty.    high. 


$3.24 

4.32 

3.60 


Arrangement    for    Operating    Chutes    by    Elevator    Bucket. 

raises  the  chutes  to  allow  the  elevator  bucket  to  pass.  Should 
the  batch  not  be  ready  when  the  bucket  is  descending,  the 
hoisting  engineer  merely  holds  the  bucket  until  the  batch  is 
ready.  "  The  Terry  &  Tench  Co.,  general  contractors.  New 
York  City,  have  used  this  arrangement  successfully  on  sev- 
eral jobs. 

This  device  saves  the  time  of  the  man  who  ordinarily  con- 
trols the  discharge  chute.  The  elevator  bucket  is  raised 
and  lowered  in  a  vertical  line  without  its  course  being  di- 
verted at  the  bottom  of  the  tower  back  toward  the  mixer. 


6.36 

5.40 

;..... 8.10 

this  article  are  based  upon  the   following 


4-m.  gypsum    

6-in.  gypsum    

4-in.   hollow   tile 

6-in.    hollow    tile 

hollow   tile 

1»- in.    hollow   tile 

12-in.   hollow   tile 

<.-in.  brick    

12-in.  brick    

The  figures  given 
unit  pr  .,  „.  , 

P.ricklavc-rs'    time    5 '•'"_'  Per  hour 

■tors'    time    v:  per  hour 

■  I  s'    time .45  per  hour 

Portland  cement  *  3.00  per  bbl.  delivered 



c;'Pn(i     '  1.50  per  yd.  delivered 

Gravel'  or  stone   •  ?&  delivered 

Tlmhfr  61 per  M.  fbm  dehv. 

HSUr  .  -u-  <hm  aeIiv- 

*fA  rin  M    fbm  d2li* 

.ns  of  these  costs  will  affect  the  figure"  '- 
follows: 


in  the  tables  as 
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Mil. I.  ■  ONSTRUi 

el    per  hour  in  .  ai  0  81 

'  <i   per  M    on  iimU-r  0.31 

:   tl  per  M    on  plank  0.78 

:'  J!   par  M    tin  Oooi  ll  t'21 

Mil. I.  CONSTR1  •  VULS 

Percent 
'I    per  hoar  In  bi 

I    per  hour  in  I  0.65 
■   bbl    oi 

•   J!    per  M    <■:.   I  •  in 

RE  ION 

hour  li  n M 

•     per  hour  In  1  '-'•"• 
0.4fi 

......  0.23 


Organization    and    Program    of    American 
Construction  Council 
Franklin    i>     Roosevelt,    formerly    Assistant    Secretary    of 
. -. .   was  formally  elected    President  ol  t li«-  Ami 

li  in>n  Council  today,  at  the  end  of  a  two  days' 
held  June  19  and  -"  in  Washington,  at   which  leaders  of  the 

industry    gathered    t ganize    a    t  ><  >■  t  >    repre- 

II  construction  elements.    John  B.  Lamer,  Vice- 
Imerlcan   Bankers'  Association,  and   Presi 
dent    of   the    Washington    Loan    &    Tins'    i  elected 

irer. 

During  the  two  'lays'  session  200  architects,  engineers, 
ontrai  tors,  construction  labor,  ma- 
terial ami  equipment  manufacl  dealers,  financial, 
bond,  insurance  and  ret  rests,  public  utility 
departments,  Federal,  State,  county  and  mu- 
nlcipal  associations  met  to  consider  what  could  be  done  to 
put  the  i 'instruction  industry  as  a  whole  on  a  higher  plane 
and  to  determine  ways  and  means  of  working  together  to 
that  end. 

The  immediate  program  of  ai  tion  suggested  for  the  new 
council  as  a  result  of  these  deliberations  include: 

The  formation  of  a  code  of  ethics  acceptable  to  the  whole 
industry  and  to  the  public; 

The  gathering  of  adequate  statistics  from  all  sources  and 
resulting  interpretation  having  all  the  facts; 

The  reduction  of  the  national  shortage  of  building  trades 
mechanics  and  the  establishment  of  the  necessary  appren- 
ticeship system; 

Co-operation  in  establishing  uniform  building  codes  through- 
out the  country; 

Co-operation   with  the  railroads  in  expediting  the  revision 
of  existing  freight  rates  on  i  onstruction  materials.     The  es- 
tablishing and  strengthening   of  local   organizations  through- 
out  the   country   to  bring  about   the   co-operation  of  all   ele- 
in  conformity  with  the  principles  of  the  council; 

The  mitigation  of  the  evils  of  seasonal  employment  and 
trade  migration  of  labor; 

The  encouragement  of  local  building  shows; 

Simplification,  standardization  and  elimination  of  waste; 

Education  of  the  public  to  the  distribution  of  its  construc- 
tion and  maintenance  requirements  more  evenly  throughout 
the  year; 

The  promotion  of  health  and  safety  of  workmen; 

The  reduction  of  loss  of  life  and  waste  of  construction 
materials  from  preventable  fires; 

The  study  of  old  buildings  in  order  to  establish  superior 
methods  of  construction; 

The  education  of  the  public  as  to  the  necessity  and  econ- 
omy of  properly  ma  isting  structures. 

Tio  board   ol   tl ncil  elected   ai    ibis   first 

annual   meeting   is   :ih   tol 

Architects:       W  '.•■■•■     fori!    City;     It     K. 

Philadelphia;    Abram   Garfield,    Cleveland;    Roberl    D 
i  ork;  h.  P.  V  hi 

Engineers:  BiOD  .1.   Arnold,   Chi 

Peter   Junk  fork;    Charles    P.    Loweth, 

General   Contractors:      '■'■     0     Winston,    Mlnneapoll    .    I'     I. 
ooklyn;  N    :  Me w  York;  n.  n    Wilson, 

Pa 

Sub-Contractors.  man,    Chicago;     J     R      Alpine, 

New    York.    I 

Labor:      John    Donlin  D.  (  fohn    I'oefleld, 


Chicago;   John   J.   Bynes,  Win    J    McSorley.  Cleve- 

land. 

Material  and  Equipment  Manufacturers:  Wright  D.  Goss, 
New  York;  f  w  Walke i  i  iver  Kalis.  Pa.;  W.  If,  Wood, 
Decatur,  111.;  William  Bitter,  Columbus,  O. 

Material  and  Equipment  Dealers:  W.  T.  Rossiter,  Cleve- 
land; ED.  L.  Jahncke,  New  Orleans;  John  ED,  Doyd,  l'hiladel- 
phla;  M.  T.  Bannigan,  i  I 

Financial  Bond.  Insurance  and  Real  Estate  Organizations: 
Willis  Booth,  New  York:  Harrj  \  Wheeler,  Chicago;  Irving 
li.  iii.tt,  Toledo;  James  T  Hoveland,  Philadelphia;  Charles 
A.  Hennery,  New   York 

Public  Utility  Construction:  Gano  Dunn,  New  York;  Fran- 
i  is  Blossom,  New  York  i  \ li ixander,  Cleveland;  C.  H. 
Markham,  i  Chicago, 

Federal,  Mate,  County  and  Municipal  Construction  Depart- 
ments: Rudolph  1'.  Miller,  New  York;  Chan,  Upham,  Raleigh. 
N.  c.  J    M.  cries.  Washington,  D.  ('.;   W.  T.  Sargent,  New 

York 

Federated  Associations  Win  F  chew.  Baltimore;  Walter 
Klie,  Cleveland;  EC.  W.  Reaugh,  Cleveland;  G.  C.  Mills,  Web- 
ster City,  la. 

The  lii  t  meeting  of  the  Exec  utive  Hoard  was  held  in  New 
York.  June  23,  at  which  nine  Mr.  Roosevelt  formally  took 
office 

Methods  of  Erecting   410  Ft.    High    Radio 
Towers 

In  Uie  recent  erection  of  tiie  towers  for  the  New  Y'ork 
Radio  Central  Station  al  Rocky  Point,  L.  I.,  some  very  un- 
usual methods  were  used.  Twelve  towers  have  been  erected 
and  the  plan  calls  for  the  erection  of  sixty  more  some  time 
in  the  future.  There  are  to  be  twelve  wings  of  six  towers  each, 
all  connecting  to  a  central  radio  center.  When  completed,  it 
will  be,  it  is  said,  the  largest  and  most  complete  station  in 
existence  and  will  be  able  to  communicate  with  all  parts  of 
the  world.  The  erection  methods  are  described  as  follows  in 
The  Contract  Record. 

The  towers  are  square  in  plan.  410  ft.  high  with  a  150-ft. 
cross-arm  on  the  top.  The  base  of  the  tower  is  60  ft.  square 
at  the  bottom,  70  ft.  high  and  38  ft.  square  at  the  top.  The 
height  of  the  base  made  is  suitable  for  erection  by  an  80  ft. 
gin-pole  composed  of  four  20  ft.  sections  of  10  in.  gas  pipe. 
Each  of  the  four  legs  was  supported  by  a  guy  wire,  running 
back  diagonally,  until  they  could  be  joined  together  and 
become  self-supporting. 

The  body  of  the  tower  was  composed  of  10  panels  of  30  ft. 
and  one  of  40  ft.  It  is  3S  ft.  square  at  the  bottom  and  10  ft.  at 
the  top.  This  part  of  the  tower  was  erected  by  means  of  a 
floating  gin-pole,  the  same  so-ff.  section  of  gas  pipe  being 
used  with  special  fittings  being  placed  on  both  ends.  In  erect- 
ing the  first  six  panels  the  tower  legs  were  erected  singly 
and  the  bracing  in  panels.  In  the  upper  five  panels,  where  the 
steel  was  lighter  two  tower  legs  and  a  panel  of  bracing 
were  erected  at  the  same  time.  The  heaviest  piece  in  the 
body  of  the  tower  was  3,400  lb.,  but  the  heaviest  lift  was 
4,850  lb. 

The  erection  of  the  cross-arm  was  the  most  difficult  prob- 
lem and  a  very  ingenious  method  was  used.  It  was  thought 
very  inadvisable  to  put  any  eccentric  loads  on  the  tower  and 
the  erection  of  the  cross-arm  by  the  cantilever  method  would 
have  been  unsafe  and  very  costly  due  to  the  height  above 
ground  and  the  top  of  the  tower  being  only  10  ft.  square.  The 
rigging  devised  to  erect  the  cross-arm  a  two-boom  guy  derrick 
with  the  gin-pole  acting  as  the  mast.  Each  half  of  the  cross- 
arm  was  assembled  on  the  ground  and  connected  to  the 
booms  on  the  top  of  the  tower.    Bach  half  was  then  raised 

simultaneously  oil    the    ground    and    thus    balanced    each   other. 

One  was  raised  to  n     proper  i lion  and  bolted  so  thai   its 

weigh!   was  still   balancing   the  other  half   which    was  then 

raised    into    position.      Each    half    of    the    cross-arm    weighed 
10  lb. 
The    bracts  roughoul    consisted    ol    rolled    angle 

in  place  of  the  usual  rod  bracing  ol  the  previous!] 
constructed  radio  |  250  fl    pari  was  riveted 

.:nd  painted  while  the  remaining  160  tl  height  and  the  cross- 
arm  weie  bolted  and  galvanized.  All  rivets  were  %  in.  in 
diameter,  the  galvanized   portion   being  bolted   with  sherard- 

'  i  tiecked    With   a   diamond    point  to  lock 

them 


(134) 


Engineering  and  Contracting  for  June  28,  1922 


625 


Device  for  Spacing  Reinforcing  Bars  in  Concrete 
Slabs 

\V.  A.  Green,  designing  engineer  ol  the  Trussed  Concrete 
Steel  Co.,  Ltd.,  London,  gives  the  following  notes  and  dia- 
gram in  a  recent  issue  of  Concrete  ami  Constructional  Engi- 
neering, London: 

It  is  sometimes  necessary  to  set  out  on  a  drawn: 
ment   spaced    at    regular   intervals.     The    illustration    shows 
a   device  which   has  proved   useful.     It    consists   of  a   frame 
constructed   of   thin  celluloid  which  is    laid   on   the   drawing 
with  the  bottom  edge  at  right  angles  to  the  reinforcing  liars 

If  a  scale  is  placed  so  as  to  pass  through  the  point  O  and 
lie  along  the  inclined  line  marked  \vi:  iquired  spacing  of 
the   bar  centers,  the  foot  marks  on   the   scale   will   show   on 


was  moved  along  on  top  of  tin    I  the  work  progressed. 

The  tool  found  to  give  the  best  results  considered  from  all 
standpoints  was  a  cross  (  +  ).  The  surface  of  the  spandrel 
walls  and  the  recessed  portions  of  the  retaining  walls  were 
treated  in  this  way  giving  a  pleasing  contrast. 


Z34-56TS9 
Device   for    Spacing    Reinforcing    Bars. 

the  drawing  the  position  of  the  centers  of  the  reinforcing 
bars,  and  if  the  unit  mark  on  the  scale  coincides  with  the 
position  of  the  first  bar  the  number  of  bars  can  be  read 
from  the  scale  without  calculation. 

The  lines  drawn  outside  the  frame  in  the  illustration  will 
help  to  make  clear  the  simple  construction  for  drawing  the 
inclined  lines,  e.  g.,  the  inclined  line  for  5  in.  centers  is 
drawn  by  joining  O  with  the  point  of  intersection  of  a  vertical 
line  5  units  from  O  and  a  circle  of  12  units  radius  with  its 
center  at  O. 

The  device  can,  of  course,  be  used  for  drawings  made  to 
any  scale. 

If  the  frame  is  made  in  thin  cardboard  the  point  O  should 
be  at  the  intersection  of  the  inner  lines  of  the  frame  at  the 
bottom  left-hand  corner,  but  in  the  deviser's  experience  an 
opaque  frame  usually  hides  the  portion  ol  the  drawing  one 
wishes  particularly  to  see. 


Surface    Finishing  Concrete   Bridge  with   Pneu- 
matic Chipping  Hammer 

Excellent  results  were  obtained  by  using  a  pneumatic 
chipping  hammer  for  tooling  concrete  on  the  Broad  St. 
viaduct,  connecting  Mount  Vernon  and  Yonkers,  X.  Y.  The 
contract  called  for  22,000  sq.  ft.  of  tooling.  When  the  time 
came  to  start  this  it  was  thought  by  the  engineer  that  a 
better  appearance  would  be  obtained  if  the  surface  were 
rubbed  rather  than  tooled.  Various  power  machines  with 
which  carborundum  stone  was  employed  were  tried,  but  as 
the  concrete  was  about  three  years  old  and  very  hard,  this 
method  did  not  prove  successful.  The  sand  blast  was  next 
tried.  It  removed  the  outside  film  satisfactorily  but  carried 
the  board  marks  back  into  anotTTer  plane.  It  did  not  seem 
possible  to  manipulate  the  blast  in  any  way  to  overcome  this. 
Tooling  with  a  pneumatic  chipping  hammer  was  then 
resorted  to  with  very  satisfactory  results.  Compressed  air 
was  supplied  by  a  small  gasoline  driven  air  compressor  which 

(1 


Engineering  and  Executive  Types  in  Industry 

Two  distinct  types  are  constant  l\  being  recognized  in 
industry,  namely,  the  engineerim.'  type  and  the  executive 
type. 

The  engineering  type  of  man  works  for  the  solution  of  a 
single  technical  or  engineering  problem  and  is  concerned 
with  the  determination  of  the  solution  rather  than  the  appli- 
cation ot  thai  solution  to  practici  I  ictivitie  The  true  type 
has  the  capacity  to  concentrate  continuously  on  a  single 
problem  until  the  solution  has  been  reached.  He  is  inter- 
ested in  the  determination  of  cause  and  effect  and  the  laws 
that  govern  phenomena.  He  is  disposed  to  be  logical,  analyt- 
ical, studious,  synthetical  and  to  have  an  investigating  turn 
of  mind.  The  predominating  characteristic  that  distinguishes 
him  from  the  executive  is  his  ability  to  concentrate  on  one 
problem  to  the  exclusion  of  others  for  a  protracted  period, 
to  become  absorbed  in  that  problem  and  to  free  his  mind 
of  the  cares  of  other  problems.  He  does  not  submit  readily 
to  the  routine  performance  of  a  given  quantity  of  work.  He 
deals  with  laws  and  abstract  facts.  He  works  from  text- 
books and  original  sources  of  information.  Such  men  are 
Edison,  Steinmetz,  the  Wright  brothers,  Curtiss,  Bell,  Pupin, 
Fessenden,  Browning.  These  men  are  the  extreme  of  the 
engineering  type,  they  have  enormous  imagination,  initiative, 
constructive  powers. 

The  executive  type  takes  the  conclusions  of  the  engineer 
and  the  laws  developed  by  the  engineer  and  applies  them  to 
the  multitude  of  practical  problems  that  come  before  him.  His 
chief  characteristic  is  that  he  works  with  a  multitude  of  con- 
stantly changing  problems  at  one  time.  He  concentrates 
on  one  problem  after  another  in  rapid  succession.  In  many 
instances  he  has  not  the  time  to  obtain  all  of  the  facts  and 
he  must  arrive  at  a  conclusion  or  make  a  decision  based  upon 
partial  knowledge.  He  must  rapidly  assimilate  available 
facts  and  fill  in  what  is  lacking  from  the  ripeness  of  his  own 
experience,  frequently  calling  upon  his  powers  of  judgment, 
and  even  intuition.  He  is  a  man  of  action,  boldness,  inge- 
nuity, force,  determination,  aggressiveness,  courage,  decision; 
he  is  possessed  with  a  desire  to  get  things  done,  impatient 
of  delay.  He  works  from  a  handbook,  a  newspaper  or  noth- 
ing at  all.  Such  men  are  Schwab,  Goethals,  Pershing,  Farrell, 
Hindenburg,  Hoover. — J.  E.  Otterson.  President  Winchester 
Repeating  Arms  Co.,  in  Mechanical  Engineering. 


Standardization  in  the  Building  Industry 

Some  contractors  have  made  time  studies  and  know  approx- 
imately the  number  of  brick  a  good  workman  should  lay 
in  eight  hours  for  different  types  of  wall  and  under  different 
conditions,  but  the  great  majority  operate  on  guesses  only. 

Standards  of  work  should  be  determined  for  many  different 
operations.  We  should  know  more  about  the  laying  of  hollow 
tile,  the  work  of  the  tile  setter,  the  time  required  for  per- 
forming certain  units  in  framing,  roofing  and  siding. 

We  cannot  establish  standards  for  work  as  long  as  the 
builder  fails  to  schedule  his  work.  One  of  the  first  essen- 
tials is  to  have  materials  on  hand.  If  the  management  fails 
to  order  the  work  properly,  if  it  makes  the  carpenter  wait 
for  the  framing,  if  it  makes  him  walk  100  feet  to  get  the 
studding,  you  can  neither  expect  results  nor  establish  stand- 
ards in  which  both  an  employer  and  employee  will  have 
confidence. 

With  the  closer  co-operation  of  every  element  in  the  con- 
struction industry,  we  will  soon  speak  the  same  language. 
We  must  accept  a  common  terminology.  Furthermore,  cost 
accounting  must  be  more  uniform  than  it  is  today.  What 
two  producers,  what  two  vendors,  or  what  two  contractors 
have  the  same  definitions  for  ledger  accounts?  Many  will 
say  that  all  agree.  You  think  the  other  fellow  uses  your 
terms  and  he  in  turn  thinks  that  you  use  his.  I  have  exam- 
ined many  sets  of  books  and  found  that  even  among  those 
who  claim  to  have  the  same  system  that  the  definitions  of 
accounts  differ. 

When  contractors  compare  with  each  other,  I  become  skep- 
tical. Why?  Because  I  have  so  often  found  that  the  defini- 
tions  of  labor   accounts   vary    widely,    that   contractors   are 
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talking   ..bout   entirely  different  tl  ni        The   account    may 

bear   0                 i  une  but   the  •     lendlturea    charged   to   the 

account  are  not  the  Bame     [  1  •  barged  to  .<■ 

to   the  month'a  vhlle   others   have 

equipment    Son,.  onual  depreciation 

D<       I    |  . 

i>r   John  M.  Gries,  Chief,  D  ind   I  to 

■  ■  in  ol  Commeri  ■  eton   convention 

i  ld<  ra'  Ei(  h 


Housing  Shortage  Estimated  at  2'.  Years 

Production 

i  aaed  buildin;         •  Itj  In  the  United  States 

lx    monthB,   '   •    housing  oi    the 

whole    w.is    estimated    as    somewhat    more 

than  2  production  bj    John   Ihlder,  manager  ol  the 

mi  at  Department  ol  the  Chamber  ot  Con 
of  ill.  ire  thi    National  Conference  ol  Social 

io  .Mr.  rhlder  thi    situation  is  not  the  same 
in  all   American  cltiea.     tn 

irlj    four  rears,   be  said,   while   in   others   it    is 
: 
Mr    thlder  stated  that  from  the  bousing  point  of  view,  the 
Dcouraging  development  ol  the  past  two  or  three  years 
•   sonlng   regulation   in   the   Onited 

oning  gripped  our  Imagination 
ami   as   soon   as    peace   returned    American   fit. 
apply  have  or  are  drafting  zoning 

ol    these   zoning   regulations   thi 
ng   in  their  n  tricts  the  open   Bpaces   which 

art-  tin.  fundamentals  of  v I  housing." 


Drainage  Provisions  for  Concrete   Bridges 
The  report   submitted 

at   the   last   annual   .  :ii, .  te   In- 

mmittee  on  te    Highway 

Bridges  and  Culvi 
Tl;,'  outstanding  consideration   in  detail  of  a 

Boor  is  to  load  the  water  to  down  -pouts  pi 
Intervals  so  that  no  largt  amount  ol  water  is  carried  ovei 
long  distances  or  no  large  amount  leads  to  on,,  single  down- 
spout, which  would  tend  '..  ili.i,.  up  by  ice  in  freezing 
if  possible,  dykes  should  be  built  integrally  with 
the  floor  slab  adjacent  and  •  ats     Various  meth- 

ods may  be  used  to  maki  oints  water  tight. 

Several  piles  of  tar   pa|  d   around   down-spouts  in 


Old    Doc    Statntiei    Knew    What    He    Wa»    Talking    About. 


concrete  sections  win  provide  tor  possible  expansion  of  the 

drain   pipe      Icicles  can  be  prevented  io  large  extent  by 

placing  perforated  copper  baskets  tilled  with  rock  salt  at  the 
top  oi  eacb  drain  pipe 

in  retaining  wall  construction,  where  backfill  carries  an 
unusual  amount  of  watei  trench  drains  built  up  around  the 
weep  hoi,.;  at  ground  level  will  facilitate  flow  of  drainage. 
r7eep  bob-  should  be  madi  large,  and  so  that  they  can  be 
readll]   cleaned. 


A   1200-Year-Old   Slate    Roof.      According    to   Oliver   Howies. 
mineral    Technologist,    i      S     Bureau    of    Mines,   there   is   a 
ol  .i  chapel  In  Bed  ford-on  Won,  In  Wiltshire.  BJngland, 
rooted   with  slate  In  thi    ?th  i  entury.     After   121 
climatic    exposure    the    rool  red    but    In   good 

i  ondil 


Personals 

L.    O.    Hopkins,    whl  in    the 

Straus  to  l  he   Strai  rier  Co., 

connected         hi  he  latter  comi 
pith  both  comp  i 

B    Strau   -.  pn  ■  Ident  and 
barge 
assistant 
E.  Palm  I   niiif.-  engh  • 

which   the  companj    has   main! 

•    Room   603,    ah...- 
man. 

F.    S.    Altni.'o 

the  VII 

eed  W.  E.  Hart,  i   office 

■  •■  ruieapolis  ,,tllce,  lo- 
ropolll  m  i.ii  Ion 

i  am 

principally  li 

i 
S.  Ajrmy,  and 

L.  s.  Tralnor  ba     b, 

it  rlct  of  thi    Portland  Cement    A 
■  v    vi.   i-.iu .  n.  resigned.     Thi     office,  located   In 

charge  of    i  sociation  work    In  Illinois.     Mr.  Tralnor 
aected  with  thi    Portland  I  ror  the 

i    principally    in   southern 
[llinoi! 

.i.iii   of  bn-ii  pays.  Marion  County,  1 
neer  of  Centralla,   111. 

William    Hooker.   i.  ngineer   for   tl 

department   ol   Hlbbl  ned  to  go  with  the  C 

Foster  Consulting  Eni  I  mint h. 

C.   Howard   Crane  and    Kenneth    Franzheim,  architei 

lened       brand 
James  O.  Wanzer  of  Santa  Cruz,  Calif.,  has  been  appointed  eitj 

Marysvlll,  .   i  lallf. 
Henry   B.  Crawford,  a   contractor,   I-  ted  city  man- 

i   .i  ...   Colui  ibus,  i  la 
James   I.    Vincent 

•'...  with  offices  at  30  Church  St  .  New 
Y..rk  Mr.  Vincent,  who  was  graduated  from  the  Universltj  of 
Michigan  in  189  ■  ars  with  bridge  fabr  cat  In 

ned  thi    Scherzer   Rollli 
Co.,   where,   from    1905 
x,  v.    STork  office,  except   during    1908,   which   yi 

bridge  In  Bui  ma  and  In  - 
mg  ordors  In  Europe.     From   191  recently   Mr    V 

was  eastern   represi  ot   the   Strauss   Ba  Co.,   In 

..|   the  New   fork 
Frank  B.  Hunter,  an  architect,  has  tn  i  n  appointed  architectural 
advisor  to  the  cltj  adn    til   (ration  ol   Indianapolis,  [nd 
John   H.   Parker,  ol    the   firm  of  Parker,   Tho 

■  i.       been  appointed  a  member  of  the  Munici- 

pal  Art    Comml 


Obituaries 


Z.   E.    Moncrieff.  B  died   last   month  at   his  hon 

i  igden    tve.,  Denver,  i  SI 

Wm.   M.   Courtis,  a    well   known  Ineer,   died    Ji 

norm     820  Parkview     We.,   Detroit,   Mich.,  aged  BO 
Russell   Condon,  a   contractor,    died   June    l*>  at   his   honv 
South  26th  St.,  Omaha     \,  I,     ai:,-.l  B2, 
George   Wievrl.   rll 
Joseph    P.    Duff,    for    the    past    20    years   assl 

■     .i    rum     16  at    in-    1609    Bi  Iknap    \.V9 

Walter  L.  Hull,  i  N    J      died  June  20. 

Alvln    E.   Gravelle  r,   dli  ■! 

recentl]      He  was  b   gTaduati    ol    McGUl   LInlversltj       Mr    Gravelle 

.      i  ■  -i  ii    ae\  •  i.,i    » ears  and 

to  that   w  ■  of  t  he  I  Irand  a  i 

at    Milwaukee 

Maj.    John    A.     Brr  N« 

,  ,i  Jum    19  a  Bei  nards^  llle.  N     I 

.  .  of  the 

neei    Batti i  In     I  hi    v\  oi  Id   w  ar      He  was  former 

i  Clt>    and 

later  '    N'ew    Fork      s 1919    M.n     Bensel   bad 

conaultli  I  he    New    Vork    and    \.w 

Ineer  in 
a  number  of  muni,  i,  In  New  Fork  t 


Industrial  Notes 


The    Fulton   Co.,    manufacturers   of    hi  Knox- 

v  ill.  .    'I 
pany  are  W    M    Full  er:  Wan  en   CT 

executive    a  Henry 


fune  28,  1922 
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Bids  Asked 


Roads-Streets 


Calif.    Los   Angeles  -1'ntil    In   a.    in.    Jul 

3.  bj    board  of  public  works,  citj    hall,   f«>i 

n  ing   street    work:    t  lurbs 

ding  and  piled  roadway  on 
i  St  from  the  northwesterlj  curb 
line  "i  Westlaki  u.  to  the  southeaster^ 
line  of  Alvar.nl. •  St.,  and  portions  of  thi 
flrsl  allej  wesl  of  Westlake  Ave.  and  Al 
varado  St. 

Calif..  Sacramento— Until  2  p.   in..  July   3 

■  lira     Bldg  .     tor     Portland 
'  one      paving     In    Santa     Barbara    count] 
'  pprox    10  S  mi  .   Portland  cen 
ml  .   and    Port  land   cement    com  ,    shouldei 
and  asphalt  cone,  surface,  5.6  mi.  hi  Orang 
county.      lustin    B.    Fletcher,    Stati 
gineer. 
Colo.,    Denver-    Until    J    p.    m.    Julj    5,    b) 
.1     W.  ,i  S.  Depl 

ulture,  301  Custom  l  tousi  I  u  n\  i  • 
Colo.,  for  constructing  the  Aladdin  Hulet 
Nat  lonal    Foi  ■        I  Project,   <  !ounty   ol 

Crook,  State  of  Wyoming,  appros        185  m 
Work    includes    the    following    items:     14.5 
clearing    and    grubbing,    «.036    cu. 
yds.    rock   excavation,   22,037   cu.   yds.   com- 

avation,    I. station   yards  over- 

S5  mi.  finishing,  ■ . 7  cu,  yds.  cement 
rubble  masonrj  SS2  lln.  ft.  ir.-in..  180  lin. 
.  174  lin.  ft.  j-i-in  corrugated  mi  tal 
culverts,  745  lin.  ft.  rustic  guard  rail,  l  20- 
it  log  span  bridge  in  place,  and  1,500  so,. 
tt.   log  cribbing. 

Colo.,    Denver     Until    2   p.    in..   July   7.    by 
state   highway   department,    lieuvci     I'n'o 
for  construction  of  Colo.   Federal  Aid  Proj- 
ect  No.   7-i '.    10.526   mi.   of  grs 

Fla.,  Qulncy— Until  July  is.  by  .1.  P. 
Smith.  City  Clerk,  for  paving  certain 
curbs  and  gutters, 
21,800  s'i  yds.  pavement,  16,075  lin.  ft.  cone, 
curb.  J.  B  McCraj  Eni  i  o  Atlanta, 
Ga. 

Del..  Wilmington — 1'ntil  noon.  Julj  5,  bj 
Chas.  E.  Grubb,  Stati  Highwaj  Comm'r., 
for  the  construction  of  a  cone,  pavement 
on  Hamburg  road. 

III.,     Belleville— Until     10    a.    m.,     July    5, 
by  board  of  local  improvements  of  the  city 
of    Belleville,    for    improving    Pennsylvania 
\v,     by  grading  and  paving  and  construct- 
ing   necessarj     drainage    structures;     Vir- 
ij     grading    and    paving    and 
ting      necessary      drainage      struc- 
ilso    Douglas    Ave.    and    -McKinzie 

III..    Moline—  I'ntil    10    a.    m..    July    3,    by 
ol   local  improvements.   Moline    Robt 
M.      Bendell,      secretary,      for      improving 
Eighteenth   Ave.   from    16th    to    18tl 

nth  street  from  17th  to  imIi 
Ave.,  Eighteenth  street  \  from  l  K t h-  to 
18th   Ave     and   Eighteenth  B      ror 

No.   line  of  l"t   14.   Bausch's   First  Addition, 
to    Eighteenth   Ave.,    by    grading,    draining. 
and  paving  with  asphaltlc  concrete 

III.,    New    Lenox — Until    L'  p.    in      June   29, 
by    Seward    Batson,    town    clerk,    for   con- 
on   of  5,270  it.   of  macadam   paving. 

Ill,,   Peoria — Until   10  a.   m.,   June    30,    by 
,  lerk,     supers  Isor's     n  iom 
for  furnishing 
gals,  road  oU.     W.  E.  Emerj     count]   supt., 
highwaj  s 

III.,  Rock  Island— Until  9  a.  m.,  July  1. 
by  H.  M.  Schriver.  Mayor,  for  resurfacing 
Third  Ave  from  Ninth  St.  to  Thirteenth 
St..   with   asphaltic  concrete. 

III.,  Springfield— Until  10  a.  m  .  July  t',. 
artment  of  public  works  and  build- 
ings, division  of  highways.  Springfield,  111.. 
for  construction  of  highways,  of  Portland 
cement  cone,  monolithic  brick,  bituminous- 
filled  brick,  bituminous  cone  with  hinder 
course  and  bituminous  cone,  without  binder 
course,  as  follows:  Macon  county,  6.33  mi.: 
Greene  county.  3.64  mi.:  Peoria  county.  3.21 
mi.:  Peoria  county,  2.86  mi.:  Hamilton 
county.  4.SL'  mi.;  Marshall  county.  4.62  mi.; 
Franklin  county.  4.13  and  4.60  mi.;  Wil- 
liamson county.  1.8  and  10.46  mi.;  Bond- 
Fayette  counties.  0.SS  mi  :  McLean  county, 
6.49  mi..  5.21  mi.  and  5.28  mi.:  Woodford 
county.  3.14  mi.:  Tazewell  county.  5.28  mi.; 
Clinton    county,    5.71    mi.:    Marion    county, 


I  91    mi  61  inty,  4.81 

.   s5  ml. .   Macoupin  count] 

Ind.,    Angola      Until    2    p.    in.,    ,lul\     3,     b] 
.!  mt] 

fa  gravi  i  n  ad, 
107 ,212    ft.    in    I,  ngth,  as    the 

■i     L     Smith 

•  i  I      Frank  ( I    u  atkins,   Auditor. 

Ind..    Bloomtield     Until    2    p.    in..    July    5, 

bj     coramissioi  mtj .     at 

id.    Ind..    for    the    construi 

two    roads    tO    be    known    as    the    J.-litl    Hess. 

•  i   al,  road,  and   the  J    t  !uj    i  lutein  r  road 

Bin,   Auditor. 
Ind.,    Bloomington—  Until   2   p.    m  .   July   5, 
bj    i  [orace   Blakelj  .  audit  ot     kfonroe  coun 

•  lourt    I  iousi  .  i  II ilngl  on,  for  grading, 

draining,  pavinj  with  gravel,  macadam  ce- 
ment .  brick  or  cerl  ain   highway. 

Ind..     Boonville-  Until  2    p      m.     July     5, 

bj      commissioners     ol  Wan 

le,    [nd.,    fot    t  he  const  t  ucl  i<  m    of   a 

ltd  gravel  road,  to  bi 

is     the    Carter    road     in    Boone    tup         ESti- 
-  17.717. 
Ind..  Cannelton — Until   1    p.    m.,  July  3,  by 

commission!  i  P unty,  <  !annelton, 

Ind..  for  the  construction  of  two  gravel  or 
<-rushed  limestone  roads.  5.6  and  3.02  mi.  in 
lergthr;  estimated  costs,  (34,944  and  (20,056. 
T.   A.   Lasher,  Auditor. 

Ind..  Columbia  City  -I'ntil  July  6,  by 
board  of  commissioners  of  Whitley  county, 
Columbia  City,  fot  "■  improvement  of  a 
certain    highway,    23,484    ft.    in    length,    by 

grading,   drs tig   and    paving   with    gravel 

estimated    cost.    $43,096,      Walter    K      Bui 
well,    Auditor. 

Ind.,    Columbia    City— Until    Julj     6,    1922, 
oard  of  commissioners  of  the  coun- 
■  hitley,  Columbia  City,  tnd„  for  the 
following  highway  improvements:    10,600  ft 
of  gravel   pax  In  -s.855,  in 

Troy  twp.;  5,920  it.  of  gravel  paving  in 
Troy  twp.,  estimated  cost.  (5,965.  Walter 
K.   Burwell,  Auditor. 

Ind.,  Crown   Point — Until   1    p.    m.,  July  5, 

i  oa  rd  of  i  otnmissiom  i  -  of    I  a  tc<    County, 

Ind.,     Ceo.    M.     Foland,    Auditor,     for    road 

patching,  carpet  coal  and  penetration  work 

el  road  repair 

Ind.,    Ft.    Wayne— Until    7::!n   p.    m.,    Juno 

29,  bj     board    of   public    works,    Andrew    J. 

city   hall,  for  construct! f   the 

following  street    improvements:     Pai 
French    Ave,,    from    west    line    of    Webster 
in.     ol    Hoagland    Ave.;    paving 
ol   Gumpper  Ave.  from  the  west  line  of  "Web- 
■  -.  .   St.  to  •  ast  iin.    of  Hoagland  a.  i      pa 

.11  gess  St .  from  east    line  i 
man   St.  to  east   line  of  St.    Mary's    \\.. 

Ind..  Greencastle — Until  10  a.  in..  July  3, 
by      commissioners      of      Putnam 

stle,   Ind  .  for  the  construction  of  a 

gravel    road     in     Floyd     twp       5,656    ft.    in 

00      i      E.  Knoll. 

Ind.,    Indianapolis — Until    10    a.    m.,    June 

30,  by  commissioners  of  Marion  county,  In- 

in   Center  and   Wayne   twps.,    to   bi 
as   the  Lloyd  W.  Durbin,  et  al.  roai 

I  •       i    esll  r.    Audi- 

tor. 

Ind.,   Kentland-  Until   1    p.   m.,   Ju 

.   R  K  •  111 

d.,  for  the  con 
road  in  Jackson  twp.,  3  mi    in  len( 
mated  cost,  S10.959.     John   G.    Davis,  Audi- 
tor. 

Ind.,    Knox — Until   noon.   July   3.    b 
missioners    of    Starks    county,    Knox.    Intl.. 
for    the    , 

to  be  known  as  the  R.  R.  Wl 
Washington  twp.,  and  Baughman  and  r.liss 

u  aj  n.      and     i  !ali a     I  h  p- 

Henry   A.   Smith.    Auditor. 

Ind.,  Lawrenceburg — Until  noon.  July  3. 
by  commissioners  of  Dearborn  county, 
Lawrenceburg,  Ind..  for  the  construction  of 
a  broken  stone  road  in  York  twp 
ft.  in  length,  to  be  known  as  the  Jacob 
Hoffmeier,  et  al,  road.  A.  E.  Jackson, 
Auditor. 

Ind.,   Logansport — Until   10  a.   m..   July  5. 
by  commissioners  of  Cass  county.   Logans- 
port.    Ind.,    for    the    construction     of    two 
gravel   roads,    estimated    costs.    (23,828    and 
Harry  M.   Gardner,  Auditor. 


Ind..  Mcntu eiiQ  i  mil  10  a.  m„  July  ■"•. 
h>  commissi 

t.e,  li,,.     in, i  tructloi 

gravel   i 

Ind.,    Prince! 

ton,    Ind       fOI 

ol     highwa  y  I        Hen 

iad    I 
ing  with  si. .i  ■  her  pa\  me.  ma- 

i.  rial. 
Ind.,    Princeton     I  i 

iibson       county, 

I '.   i I 

13,200   ft.   of  a  known    a 

the    l.    lin 

draining   a  nd   pi  ■■■.        stom     gravel  ot 

ol  her  pa  vlng  matei 

Ind..    Princeton      i   rttil    II    a     in..   July    IL'. 

ty,   I  '..in  i    rlousi      Princeton     I 

draining  gravel 

or    other    material     2V6     mi      ol     highway. 
ki  "\\  n  as  t  he   \ 

Ind..    Princeton      Until    11    a.    m..    Ju        I 

bj     board     ol     missioi 

County,   Court    House,    Princeton,   Ind.,   for 
grading,    draining   and    pai  in 
■i  •  i  ■-  ■     

I  I.  I  in  in      \\         Hal  r,  It 

Road.      Alfred    M     Johnson     I  !o  int  i     Vudl 

tor. 

Ind.,    Rennselaer  -Until    -    p.    m„    July    3, 

by  > mission,'!       -    Jasper  i  lountj     Rem 

selaer,   Ir.d..  for  the  coi  of  a  road 

!,,   be   i  ■  ■  i  '     '''-•      i  '•  w ' 

Road.     S.    C     Robinson,    Aui 

Ind..  Rockville  I  mil  I  p.  m.,  July  ■".. 
i,  board  ol  commi  ionei  it  Parki  Coun 
i        Roc-kvilli  i        ading,    draining 

and  paving   v,  mi  gra  ,  it   a   ci  r- 

tain   highwaj    km  irn  •  llle  and 

Road      :.     i       i      Porter,   Auditor. 

Ind..  Salem— Until  2  p.  m„  July  3,  by 
ci  minissioneis    of    Wa  nty,    Sa- 

lem.    Ind  .    for    the    .  "ii   'I  net  ion     of    two 
:l  1171    ft.    and    1IM7    ft.    in 

the  1  '.Kin   and 
i  owman    Road    and   the  Organ  springs  and 

Adams      School      HOUSI  RO! 

■  ■;  613    and     (12  109       El      I 
Auditor. 

Ind.,    Shelbvville     Until    10   a.    m..    July    7.. 
Shelbj    Count 
byville,   iii.ii..      i  '    ■ 

■  oads,    9, 146  130  ft.    in 
length.      Walter    W.    Leslie.    Auditor. 

Ind..  Shoals— I'ntil  2  p.  m.,  July  3,  by 
oners  of  .Martin  County,  Shoals, 
[nd  i"i  Hi.  construction  of  four  unit 
count  v  roads,  7,439  19,008,  18.383  and  17,765 
fi  in  length.  Bertie  L.  Newland,  Audi- 
toi 

Ind..    Tipton  — Until    10   a.    m..   Jul 
commissioners    of    Tipton    i    mnt    .    Tipton. 
construction  of  a  tra 

st,    (2,242    ft.      Chas. 
Grimshaw,    Auditor. 

Ind..  Versailles— Until   1    p.  m.,  July  3,   by 

commissioners  of  Ripley   County,   at    Ver- 

in.i,,    for    Hi.     '   instruction    of   two 

ft.    in   length.   W.   L. 

on,  Auditor. 

Ind.,   Wabash— Until   10  a.  m..  July  5.  by 

loners     of    Wabash     County,    Wa- 

bash,    Ind.,   for  the  construction   of  a  hard 

Twp.,  2,- 

640  ft.   In  length.     Ben   Banister,  Auditor. 

Ind.,  Washington  — Until    2  p.   m.,   July  3, 

.missioners      of      Daviess     County. 

ii  ,i  instruction  of  a 

Bogard   Twp.,   to  be  known  as   the 

Wm.    T.    Barlow,    et 

21,241.      Dan']    I.    M 
Ind.,  Williamsport     Until   9  a.    m.,  July  3, 
arren      County. 
Williamsport,   Ind  .    for   I  hi 
a   travel   road   in  Pik.    Twp  .    4.422 

■.  (11,900.     W.  II.  Stephens.  Audi- 
tor. 

la..   Davenport — Until  -  p.   m.,   Ju 
Harry    W.    Phillips,    Supt     of    Public    Con- 
trui    Ion,    City     Hall,     Dav.  nport 

ng    two    alleys    by    excavating    and 
paving  with   concrete. 

la.,  Des  Moines— Until  9  a.  m.,  Julj  3. 
bv  citv  council  of  Des  Moines,  A.  E.  Mc- 
Glothlen.    city   clerk,    for   curbing   3,791    lin. 
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'  I    v.. ik    Bl     " 

:  HI    lin.    fi     ,.f    \\ 
th  Bl 
la..    Des    Moines     Until    9    a     in  .    July    3. 
i  I    I  ••      Holm  -     \ 

clerk,   for  curbing   i 

■  ii  i  .-.  mi  in.  ■ 

West        U'lli       St. 

straight 

St.,    straight   curl.. 
'.ii     ft. 
la.,   Dubuque     Until  I   p.   ■>..  Jui 
City   M        .  bucju       i  ,      : 

'     :  • 

with    bltumlnoua 
and   154    ft     with  Asbcstophalt 
Md..     Baltimore— Until    noon.    Ju 
1        ... 
1 

I  |  a 

county,  -'   ml.  cone;    Frederick   county.  0.4 
unty.    1.34    m 
i    Charles    counties,    4    ml. 

Md..   Baltimore  -Until    11   a.   m      Juno   11, 
\  a  ,r.is.  offloe  .'f  City  Regis  - 
g   and   paying 

.1  pav- 

... 
Mass.,   Boston     Until  2:30  p.   in.  June  30. 

public   land 

w  .  ■ . 

I   ■:  Ion      '•     ' 

0  1 
Prank    \v.     Hodgdon     Chief 

Mich..    Adrian— rntil    10    a     in  .    July    12. 

Road   Commissioners. 

mrl 

pro*  ng   i.  ISO   ml    of   road   by 

tructlng     i  ■  drainage 

■  inn   wit  h   wa 

:  alll 

Mich..    Ann    Arbor-  1  *n t  il    7:30    p.    m.,    by 
Cltj   Clerk    foi   I 
urn    an.l    putter.      (Ad- 
ent  in  this  issue.) 
Mich..    Bessemer— rntil   10:3n   a.    m..   July 
ssloners, 
Com  ti  ssemer. 

lor    Impi  ml.    road,    bj    surfacing 

with     bituminous     macadam.     Bhaping,     and 
constructing  drainage  structures. 

Mich..  Cadillac— Until  1:30  p    m  ,  June  SO, 
highway    department,     I 

•   •    Impi  19  ml.  of 

road  inly. 

Mich.,  Crystal  Falls 
July  11.  by  board  of  County  Road  Com- 
ra,  Iron  County.  Court  House. 
Crystal  Falls,  Mich.,  for  Improving  11  L' 7:, 
mi.  of  road,  three  sections,  by  shaping, 
constructing  ncwis.iry  drainage  structures 
and  surfacing  with  bituminous  macadam 
and  one-course  gravel. 

Mich.,    Escanaba — Until  10:30  a.    m..  June 
80,  by  i  |   road  i  omr 

Helta     county.      Court     Hon 
Mich.,  for  surface  treating  with  bituminous 
m  13.261  mi.  of  road  in  Garden   and 
Nam.i    ■ 

Mich.,  Gladstone— Until  10:30  a.  m..  June 
ommlssloners, 
i  .  for  Improv- 
ing   1.187   mi.   of  road   in   the   cltj 

Work     consists     of 
Btructlng     and     necessary    drainagi 
turea  and  surf  I  rough- 

ened   cone. 

Mich.,    Grand    Rapids—  1'ntil    9:30    a.    m. 

t,\-     hoard    of    • 

ml      Bldj      Gi       i    Rapids,    for 
'  ■  if  i  k-  ni  county. 

Mich.,    Hastings  —  1'ntil    9    a      in  .    July    7. 
ssloners. 
Court       Hou  Hastings. 

Mich  .  for  improving  I  '.ad,  two 

i-    neces- 
sary'  dl  I   surfacing. 

Mich.,   Houghton— 1'ntll  11   a    in  .  June  30. 
■  ■ 

[oughton. 
ml.     of 
Highway 
Commissioner,   Houghton 

Mich.,  Iron  Mountain  in  .  July 

I 

Dickinson  com  •  .  Moun- 

tain, Ml 

■ 

facing   with   i- 

Mich.,  Jackson— 1'ntll    1    i 
I 

' 


Mich..    Jackson-    1'ntil    9    a     in.    June    -'.' 

.  ..i  counts  road  i  ommisslon< 

on  St.,  .inks. .n.  Mich.,  for  Improv- 

ml     "i    road    in    Jackson   county. 

era,  State  Highway  Commls- 

mslng,  Mich, 

Mich.,    Marshall— Until    1:30    p.    m..    June 

SO,    b)    board    of   count)    oommisfl ra   <»f 

■  'ill. ,, in,  irt    House,     •■ 

ii    provln      I  S01  mi.   "i 

mar)     drainage 

Ing   with   reinf.  cone. 

Mich.,    Marysville     Until    1    p     in ..   July   6. 

i:  ssloners 

df    St.    chur    I  Courl     ll.. use.    Port 

Huron.    Mich      foi    Improving    0.941   mi.    of 

road   in   the  village  of   Maryi 

Mich.,    Munlsinn      1  no  .    July 

ird  of  county   i  oad  i  omm 

Courl      House,     Munislng, 
Mich.,   f..r   Improving   I.0M   mi.   "f  road   in 
count]      by     shaping,     constructing 
i    surfac- 
ing with  bltum us  macadam. 

Mich.,  Sandusky— Unlil  1  p  m  .  July  11, 
In  Prank  F  Rogers,  State  Highway 
i '..innrr.  Lansing,  Mich.,  for  Improving; 
1.241  ml.  of  road,  sum 

Lining    and    surfacing,    gravel    and 

Mich.,    White    Pigeon—  1'ntil    1:30    p.    m., 
Clerk,  i 
White    Pigeon,    ror   Improving    6.S67    ml.    of 
road  in  Si    Joseph?  county,  bs  shapii 
structing,  drainage  structun 

itlL'. 

Mont..    Helena     Until    1"    a.    in..    June    -'.'. 
tat<    highwaj    commission,   Capitol 
for  the  gradli 

with    all    n< S8ary    drainage 

structures,    of    a    distance    "t    3.87    ml.    on 

I  lutte-  A  I  d    ProJ- 

i,    N.   Edy,  Chief  Bn- 

N.  J.,  Elizabeth— I.  July  5, 

Board   i  Courl 

i  beth,  N.  J.,   for   the   Ii 

Mountain   Ave.,  for  a  tots 
BO    n     Work    to    includi     concrete 
i    gutters    and    asphaltlc    concrete 
on    cemenl    ci  ini  n 
for    the    improvement    of    Springfield    Ave., 
length  of   10,374   fl      l.-mtorced  ce- 

,         .  :       : 

0   Broad  St.,  Elizabeth, 
N.   J.  ' 

N.  J.,  Elizabeth— Until  2:30  p.  m.,  July 
."  by  board  of  chosen  freeholders,  ..unity 
of  Union,  court  house.  E  Izabeth,  N.  J., 
for  improvement  of  Springfield  Ave.  bor- 
ough  of  New  Providence,  a  total   length  of 

N.  J.,  South   Orange-  -Until  8  p.  m.,  June 

30.   by  Board  of  Trust..-     villagi    of  South 

Orange,    for    the    improvemenl     "f    Hassel 

Marshal]    Court    and     Rldgewood 

[ra    T.    Redbern,   Villagi-    Engineer, 

South  Orange.   N".   J. 

N.  J.,   Tuckerton — Until   11   a,   m..  July  7. 

by   J.    M.   Abbott.   Countv   Engineer,   State 

Highway    Dept.,    Toms    River,    X.    J.,    for 

iruction  of  State   Highway,  Route 

1     Sec,   18.   in   the  borough  of  Tuckerton. 

N.    Mex.,    Raton— Until   8    p.    m  .   June   30, 

Council,   at    City    Hall,    Raton,   for 

the    construction    of    pavement,    curb    and 

gutter,     approximati  1\      17,89  i  I       sq.     yds. 

paving.     .Mrs.   Alfred   Jells,   City   Clerk. 

N.   Y.,  Albany— Until  3  p.  m.,  July  3,  by 

Ol     contract    and    supply.    City    Hall, 

for  Improvemenl  of  Tlvoll  St.,  from  Broad- 

t.rly     1,460     ft.;     improvement     of 

\\.      from    Xew    Scotland    Ave.    to 

Helderberg  Ave.;    Kent    St.   from    Partridgo 

SI      to    Main    Ave.:    repaying   of    Morris    St. 

from   S.   Lake   Ave.   to  Quail   St. 

N.  C,  Burlington— Until  noon,  June  29. 
by  city  of   Burlington,   for    the  construct  ion 

ol    appro*     13 so     s  'is     i  om 

«iili  iii s ■ar\    grading      The  l.udlow  En- 

■   •  in.     N      C. 
O..   Akron— Until  noon.   July  5,    by   M.   P. 
Public    Service,    3rd 
flooi     I ..  Lawari    Bldg  .   Akron,  o.,    I 
■  n  Btreets  and  avenues  and 

:  g  sidewalks  on  two  Btreets; 

O.,    Genoa     Until   noon.   June    29,    by   Vll- 

rk  Earl  i  hamper  foi   n  ■     n     ol   West 

to    first 

all.  \     north    of    Sixth     St.,    approximate!! 

pavement     In- 

.  In. ling    grading,     pipe     sewers,    manholes, 

curbing  and   other  api 

bi    . 

Sec  -I  Ilerk  'ion     of 

embankment  and  graveling  road  al   Smltli- 
VTamp 

Ore..    Portland— Until    10 

Ion,  Multnomah 
i  land,     for    the 

following    rornl    work         DOUI 

' i     yd 


mook  County,   3.1  mi.   rock  surfacing.  7,500 
L' mat  Ilia   County.    13.5    mi     grad- 
ing and   rock  surfacing,  .sii.iiiiu  cu.  yds.  ex- 
cavation:   Wallowa  County,  7.9  mi.  grading 

i.  mg.     TO. mi      yds 

vatlon. 

Pa.,  Scranton — Until  11  a.  m..  June  89, 
by  City    Controller,   for   furnishing   and    de- 

ar-    .ii    Municipal   Asphalt 

Plant  l-iovnicnce  Rd.  and  W.  nliv  St.. 
:;iin    !..■ 

■ii!,    cars. 
S.    D.,    Beresford— Until   7:30   p.    m..    June 
29.    bj     Dakota    Engineering    Co.    for    ap- 
i.   '..is    pavement 

Tex.,    Georgetown-l'iit.l    2    p     m.,    J«ino 
City   Clerk,    for   Im- 
certaln  Btreets.     W.  N.  Har- 
ncer. 
Tex.,    Gonzales— Until    2    p.    m.,    July    12. 
J.    C.     Roml'ir;.     county    judge. 
■  rk's  office,   for  the   Impri 
I.  of  section  C.  F.  A.  P.   138.  State 
Hlghwav    No.    -'.'.    by    clearing   and   gravel 
ll  with   work    Incidental    thereto. 

Tex..     Houston — Until    noon.    July    3,    by 
n.   for   the  foi- 
st,    from 
i  St.   t"  South    End;    Vila   St.   from 

Main  SI     to  Lou  St  fi  "in 

to    South    End,    Milan    St.    from 
to  Portland  St. 
Wash.,  Olympia      Until    10  a.  in..   July   11. 
i  Highway  Committee,  for  grading 

.Lout     0.76    ml,    "f    Pacific 
Highway  in   Lewis  County:  clearing,  gra.i- 

Rock,  Cowlitz  County. 
Wash..    Seattle— Until    10    a.    m..   June   ?.'>. 
tj  .        i.l   of    Public  Works.   R.  234. 

POUnty-CltJ  Bldg.,  by  grading  and  paving 
with  suitable  material,  constructing  cone. 
or  armor. "I  cone,   curbs,   reconstrui 

utters    with    such    appurte- 

for  the  proper 

lage,    water    service    and    lire 

protection,   also  In   Bome  cases  constructing 

walks,   portions  of   thirty  streets 

and   alleys. 

W.  Va..  Charleston— Until  10  a.  m..  June 
11.  I'v  state  road  commission.  Kanawha 
County  court  house  Charleston,  for  the 
construction    of    2  .'•    mi.    "t    gradli 

ins,  1  lughcs  Cri-t-k  t"  Lock 

oi     ;  nglneer,  Fayettevllle,  w.  Va, 

Wis.,   Superior-    Until   1:10   p.    m.   July   6, 

for    the     Improvemenl     and     pavement     of 

Hammond  Ave.  from  south  line  of  N.  Third 

Ave.   to  north   line  of   Broadway  St. 

Ont.,  Toronto  Until  noon.  July  7.  by 
W.  A  McLean,  Deputy  Minister  of  High- 
loitto.  for  approx.  3  ml.  concrete 
pavement,  twp.  of  Scarboro;  AVi  mi. 
mac. i. lam  roadway,  twp.  of  Ernest  town: 
t\  ml.  macadam  base  course,  twp.  of 
i  macadam  base  course,  twp. 

oi   Leeds  and  Lansdowne;  5%  mi.  macadam 
lurse,    twp.   of    North   Elmsley:   6ts 
arse,  twp.  of  Ramsey; 
macadam     base     course,     twp     of 
Thurlow:    2  "•,     ml.     grading    and    macadam 
has.-,     twp.    of    Amcliashurg;    and    grading 
In      twps.     of     Scarboro.      Townsend      and 
o  concrete  abutments  and 
doors    in   twp.   of  Hope. 
Ont.,     Toronto — Until    noon.     July    3.     by 
Frank  Barber,  Township  Engineer,  40  Jar- 
vis    St.,    Toronto,    for    construction    of    bi- 
tuminous macadam  pavement  on  Dunvegan 
Rd    and  Forest  1 1 ill  Rd.,  also  asphalt  pave- 
ment   on    Normanna    Ave.    and    grading    on 
BlckneU  Ave. 
Que.,   Quebec — Until    l    p.    m,,   July   7.    by 
ei   of  Roads,  '  krvernment  i  cldg  .  Que- 

I"'-,  for  constructing  a  gravel  roadway  in 
the    parish    of    St.    Michel    "f    Bell, -chase.      J. 

i.     Boulanger,    Deput]     Minister. 

Que.,  Quebec— T'ntil  1  p.  m..  July  8.  by 
ol  Roads,  city  of  Quebec,  for  con- 
struction of  a  gravelled  roadway  on  por- 
tions of  I.amlitoi.  i";,.l  situated  In  the 
municipalities  of  the  parish  of  St.  VlctOT- 
de-Tring. 


Biidges 


Calif..    Los  Angeles     Until    10   a     m.,   July 
7     by    board    of    harbor   commission 

Angeles,     for     furnishing 
CUle   bridge. 
Calif..  Monterey     I   mil  Julj    8,   by  county 
supervisors.    Salinas   e, unity,    for   construct- 

i  [llltown; 
1100,000. 

Cahf.,   Salinas    Until   Julj    8.   by   county 

■  ■  I    span 
'     and  abutments,  711 
ft     I'.ni:  er  at  1  [llltown. 

i.ooo. 
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*And  Now — 
TheBarrett 
Specification  Rpof! 


•KS  ^ 


From  corner-stone  to  cornice,  the  modern  struc- 
tures that  house  the  nation's  business  are  built 
to  endure.  The  foundations  rest  on  bed  rock. 
Steel  frame-work  and  steel  girders  support  the 
weight  of  walls  and  floors.  And  when  they  are 
ready  to  be  roofed  the  great  majority  or  them 
are  covered  with  Barrett  Specification  Roofs. 

That  these  roofs  should  be  the  almost  unani- 
mous choice  of  owners  and  architects  of  such 
buildings,  is  not  surprising  when  you  consider  — 

That  we  can  name  many 
roofs  of  this  type  in  good 
condition  after  forty  or 
more  years  of  service.  Their 
durability  is  proved,  not  esti- 
mated. 

Ti  i  i         i    j  •  Cross-section,  actual  size, 

1  hat  they  are  bonded  against 
maintenance  expense.  Barrett  Inspection  Service 
during  construction  insures  strict  compliance 
with  the  roofing  specifications,  and  a  Surety 
Company  Bond  absolutely  protects  the  owner 
from  all  roof  repair  during  the  bonded  period. 

That  moderate  first  cost  and  guaranteed  freedom 
from  maintenance  make  them  the  most  economi- 
cal roofs  it  is  possible  to  build. 

That  they  provide  a  degree  of  fire  protection  not 


exceeded  by  any  other  roof.  They  always  take 
the  base  rate  of  fire  insurance. 
The  Barrett  Specification  Type  "AA"  20-Year 
Bonded  Roof  represents  the  most  permanent  root 
covering  it  is  possible  to  construct,  and  while  we  bond 
it  for  twenty  years  only,  we  can  name  many  roofs  ot 
this  type  that  have  been  in  service  over  forty  years 
and  are  still  in  good  condition. 

Where  the  character  of  the  building  does  not  justify 
a  roof  of  such  extreme  length  of  service,  we  recom- 
mend the  Barrett  Specification  Type  "A"  Roof,  bonded 
for  10  years.  Both  roofs  are 
built  of  the  same  high  grade 
materials,  the  only  difference  be- 
ing in  the  quantity  used. 

The  Surety  Company  Bond, 
absolutely  protecting  the  owner 
from  maintenance  expense,  is 
issued  free  of  charge  on  Barrett 
Specification  Roofs  of  50  squares  or  larger,  in 
towns  of  25,000  or  more,  and  in  smaller  places  where 
our  inspection  service  is  available. 

Copies  of  The  Barrett  Specifications  sent  free  on  request 
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Colo..    Dtnvr- 

I .     I  ■     l 

Colo.,  rt.   Morgan— I'ntil   I   p    m 

■ 
Ind.,    Rockville     Unl 

kltll     ' 

III..    Springfield— I'titll    in    a.    m 

Springfield,   for   i 

in      10 

la..   Sioux   Cil . 

Sioux  Rh 

.  Mk       K. 
Clark. 
Mass.,    Boston — I'm 

■i     I  'istrict     . ' 
'■' 

Charles 
■    R    Rabun,  i'Ii., 
Mich..   Cadillac     Until   1:30  p    m     July   5, 

fur   furnishing  an 

low   truss   st.-.  1    span   for  a 
ii  Trunk  I. in, 
Mich..    Grand    Rapids 

High- 

•     :i     40-ft.     B| 

Trunk 
•  hrei  K 
Mich..    Grand    Rapids     Until     I     0    p     in. 
Hlgh- 

•  n   Trunk   Line   Route 
Buttermilk   Ci 

Mich.,     Mt.     Clemens— I'ntil     1:30    p.    m.. 

■       -     M  t.  < 

r.ink    F.     Ro-  Highway 

■  g     Mich. 
N.    J..    Elizabeth— ''ntil    2:30   p     m  .    Julv 

sinn     of    present     22-fl 

Wood   A'.. 

N.    J..    Plainfield— I'ntil   2:30    p     m..    July 
.  .       ■ . .  . 

Plainfield, 
■if.  deck 

N.     Y.,     Binghamton  —  Unl 

ngham- 

l 

"Ore..    Portland     I'ntil    1" 

for    the 

i 


Drainage  -  Irrigation 


Ark.,   Little   Rock 

■ 

Ark.,    foi 

Mich..    Detrct 

for    I 
-  n.     known 

• 

Minn..    Duluth 

?•  r.il    A  l«l 
■ 


N.  C.i   New   Bern  -Until   noon,   Ju 
in. it.     i  'ommlsslom  i 

trains ipi 

B     M 
■  w    Bi  i  n.    N     C 
O..    Toledo     Until    l"    a     m  .    Jul 

widening    of    couni 

Count)    Sur- 

Ont..    Atwooil 

I,  ik,    l'»  p     ol    Ell 
truction    "t    tit 

Drali       id    South 
River    lmiir,.\  .in.  • 


Waterworks 


Calif..    Berkeley  -I'ntil     I    p     in      June    L".' 

bj    Board  o(    Education.   2133   Allston  Way, 

'  "--.iii  .    for   thi    Installal 

tration     plant     in    the 

School    gj  mnaslum       W  m 

tfat'l  Bank   Bids;.,   San 

■ 

III..    Mollne— Until   1"  a.    m..   June   30,  by 

pi    rements,    Clt  y    of 

for   improving  12th   St.,   ft 

Veil litlon     by    lax  Ing 

Ind..    Hammond      Until    2    p.    m.,    Julv    .",. 

bj    Board   ol    Public    Pi  irnishing 

In    liquid    chlorine    ol 

I  hi    .-ii  >.  ■      i     for  .i    pel  ""I  of  one 

Mies,  Clerk,   Water  Dept. 
Ind..    Ft.   Wayne — T'ntil    10  a.    in      Julj 
al      \ml  ■  ...  ,| 

ipply   sys- 
thi    Iri  i"    i  '■<■  i  mi   San  Itai  lum. 
Mich.,   Grand    Rapids — T'tit il   2  p.   m      July 
6,  bj   G.  .i     Pi  - 

■    furnishing  Ii 
thi   rm:-  ■  e  conduit,  cleai 

ii  in.  ■!   pipe   drain.   C. 
\     Pa     •  Ini  ■  i 

Mich..     Middlevllle— T'ntil    2    p.    m.,    June 
E.    Harrison.    Engineer.  :;.",l   Sura- 
mil  -'  :hi  rrj    Bldg.,   Toledo.   I  ».,    foi 
of  a  steel  water  tank  and  tower. 

Minn.,  Duluth— T'ntil  Tl  a.  m.,  .1  ■■ 
manager  of  thi 
m.  nt   for  furnishing 

Mass.,    Boston — T'ntil    2    p.    m..    June    2!>. 
I,   1    Ash- 
it  ■  i  i     ii 

with  the  construction 
■  ni    Arlington   Heights,    town    ol     \ 
Minn.,    Royalton— T'ntil   3  p.    m.,    3 

Chihart,  village  clerk,   fur  drilling 

LO-ln.   well. 

Minn..    Royalton — Until  m      June   30. 

b;     .1     .1     Chirhart,    village    clerk,    for   fur- 

nishing    labor   and    material    for    the    inslnl- 

::    wati  r    w orks    sj  stem.      R.    E. 

Borrowman,      Consulting      Engineer,       St, 

Cloud,   Minn. 

Minn.,    St.    Paul— T'ntil    11:30   a.    m..    Julv 
W.    Austin.    I 
Hall,    fur    furnishing     12     niter     operating 
tables   for  wati  nenl 

N.    Y.,    Buffalo— t'ntil    July    11,    by    Com- 

i  structlon 

of  the  ■  i  plant . 

•  stimati  .000. 

N.  Y„  New  York  Until  11  a.  m..  June 
"".  by  Nicholas  I.  Hayes,  Comm'r  of  Water 
Supply,  Gas  and  Electricitj  R  351  Mu- 
nicipal Bldg.,  Manhattan,  for  transferring 
tapi    ami   arranging   i 

Ludlow.    Suffolk,    K. 

Ol    Maul 

n.  y..  New  York— Until  n  a.  m„  June 
ipply,  gas 
pal    Bldg., 

i  -      . 
i  ■  Teromi       Vfurdocl 

Spencer,    Vin- 
hltlock,   and    Wilder  Avi  B  .    E     171st 
■ 
SI       White    li 

Blvd.,  ,1  iorough    of 

Brooklyn 

mine.    Sheffield    and    20th     avi  b 
Hemlock,    Noi  tli    Henry,    Rli  he  <  d  on     i  la  - 

14th.  E    l- 
3rd,    W.    6th,    W     29th,    W.   87th, 
68th     and     TTtli     8U„     and     In     Dahill     Rd., 

O.,    Akron— T'ntil    nnnn.    Julv    3.    * 

ng    Am        I  ■•  lawari       Bldg. 

O..    Akron — T'ntil    noon.    July    7.    by    PUT- 
,,f    Akrnn.    for 
furnishing  one  minim 


O..     Bexley     I'ntil      noon,      Julv     1".     by 
Pul  ns.    VII- 

B     I  ■     Bai  in  ti.   cli 

ron     water    main 
i  ii    hydrants    to 

^.im. 
O.,    Cleveland     Until    noon,    June    an,    by 
pui  uppllea, 

i  Cleveland    for  supplying 

publ  urnlshlng    sul- 

dlvlBlon  of  « 
O..    Cleveland     Until    nnnn.    Juni 

and    supplies, 
.;  Hall. 

O..    Geneva      Until    muni.    July    7.    by    Vll- 
■ 
real  meni   plant   and  pumping 
.-. 
\\      E     Morgan     Village   Clerk. 
.1    In    tins    i- 
O..    Toledo     Until    10    a.    m  .    July    10,    by 
B  Lucas 

• 

,i:.l    labor    t"   construe!    two 

319  lin.   ft.  bj 
lively. 
0..    East    Youngstown — T'ntil    noon,    Julv 
ol    Public  Safety  and  Serv- 
urnishing    the    follow  Ini     supplies 
Voungstown   water   work*   depart- 
0   tons    more   or   less    of    B     S    S 
i    pipes.    6    in 

Clals;     l'l 
Ii    s  ,,f  pjK  lead;   26,  more  or 

l,'ss    in,-   hydrants;    it)    i r   less,   6-ln. 

ii  .    ,.i    less,   valvi 
His    hen  p      John    I  il  ko    din 
Wyo..    Basin     Until    July    7.     by    P.    C. 
vn  Clerk,  foi 

'     Prince 
Nixon    Engrg     m  iha,    Neb. 


Sewerage  -  Sanitation 


Colo..    Ft.    Collins — Until    8   a.   m  .    July    B, 
hy  city   o 
of    a    $13, reinforced    concrete 

i    gal.   • 

V.  1  t  ! .  ,  m,  lit     ill     tllis    : 

la..     Dubuque -T'ntil    2    p,     in..    June    30. 
hy    City    Manager.    Dubuque,     la.    f.,r    fur- 

labor    and     material    f«,r     tl 
■truction  of  approx.   1.540  ft.  6-in.  sanitary 
sewer:    610    ft.    6-ln.    and    320    it      ,if     l-in. 
sewer;     240    ft.     C-in.     sewer     in 

V.-llinllS 

La..    Shreveport-- l"n  Julv    1, 

by    ,  [tj     secretarj  -treasurer,      City      Hall, 
i  ion  of  a  sani- 
tai  v  sewer  line  from   end  o 
S    Window  Gl         i 
Mass..    Boston — Until    noon.    .Turn 

Jus      \      Burl oner    of    Public 

■■  18   I  [al       Bostoi 

age    wink    In  SI       bi  tween 

Auburn   and    Beech   Sts.,    West    Roxbury. 
Mass..    Mllford— T'ntil    S    p.    m.,    J 

Town    of    Mil- 
constructlon    of    a    Bewage 
■  'I,  is.     p.     Cahill,     Clerk. 
F     \     Barbour,    1120  Tremont   Bld| 

Mich..   Ann    Arbor— T'ntil  7:3(1  p.  m..  July 
•;     Reynolds,   City   Clerk,    fur 

i  i  u,  I  Ion    'd    a    lateral    sew  I  I 

meni   In  this  I 

Minn.,    Belle    Plalne— T'nt  il    ."    p.    m..    June 

29,    bj     council    of    the    Borough    ol    Belle 

Plaine,   foi    the   construction  of   five  blocks. 

ei    i     ewei      Donald  Childs, 

Shakopi  •       Minn 
Minn..    Graceville     I'ntil    I    p     m..    July  7, 
bj    J     .i     i  i'i  lonno  i  lei  k,    t"r    the 

Ini   In, III;:'      I  i  in  ■ 

N,    J.,    Bloomfield— l'niil    B    p     m.    July   3. 
i,      Donald    I'     Peck,    Town   Clerk,    for   the 
hi,  nt    of   Watsesslng    \\  • 

:  i  ii,l  i, ,n      of  W  OTS 

wiii    Includi     i  pavi  ment,    500 

.I'at 1  200    lin     it     80- 
ln     i  Hi    pipe;    I-  -ii   pip'  : 
i'   in     tile    plpi  ,    220    it     16-in     tile 
0  1 1    12-  m    tile  i'Ii"-.  12  •  at.  h  basins 
manholes. 
N.  Y..  Syracuse     Until   1:80  p.  m..  July  3. 
and  Supply,  fur  for- 
mat) rial    and    labor    fur    I 
Btructlon  Of  a  pipe  drain  and  com  :- 

,  -, net,,,  i,    Ave      south  of   B. 
St.,  city  of 

O..    Cleveland— I'ntll    noon.    Jim, 

onei      •   pun  ha  •     and  supplies.  R. 

■ 

1  ft. 
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CRANE    POWER    PLANT    EQUIPMENT 

adds  to  the  life  of  the  installation  and  reduces 
the  cost  of  maintenance,  because  of  its  proper 
design  and  sufficient  strength,  and  is  suitable 
for  the  service  for  which  it  is  recommended. 


SALES     OFFICES 

WAREHOUSES 

AND 

showrooms: 

BOSTON 

ATLANTIC    CI 

rv 

MEMPHIS 

SPRINGFIELD 

NEWARK 

LITTLE    ROCK 

HARTFORD 
BRIDGEPORT 

BALTIMORE 

MUSKOGEE 
TULSA 
OKLAHOMA    CITY 

ROCHESTER 
NEW     YORK 

WASHINGTON 

SYRACUSE 

HARLEM 

BUFFALO 

WICHITA 

ALBANY 

SAVANNAH 

ST.     LOUIS 

BROOKLYN 

ATLANTA 

KANSAS     CITY 

PHILADELPHIA 

KNOXVILLE 

TERRE     HAUTE 

READING 

BIRMINGHAM 

CINCINNATI 

CRANE 

MONTREAL.  TORO 

CRANE  CO. 

836   S.    MICHIGAN   AVE. 

CHICAGO 


We  are  manufacturers  of  about  20.000  articles,  including  valve?,  pipe  fittings  and  steam  specialties,  made  of  brass,  iron,  ferrosteel.  cast  steel 
and  forged  steel,  in  all  sizes,  for  all  pressures  and  all  purposes,  and  are  distributors  through  the  trade  o!  pipe,  heating  and  plumbing  materials. 


ORK9.    CHICAGO 

AND    BRIDGEPORT 

tNDIANAPOL 

a 

ST.    PAUL 

SEATTLE 

DETROIT 

MINNEAPOLIS 

TACOMA 

CHICAGO 

ROCKFORD 

OSHKOSH 

WINONA 
DULUTH 

PORTLAND 
POCATELLO 
SALT    LAKE    CITY 

GRAND    RAP 
OAVENPORT 

DS 

WATERTOWN 

OGDEN 

DES    M01NE1 

ABERDEEN 

SACRAMENTO 

OMAHA 

GREAT     FALLS 

SIOUX    CITY 

BILLINGS 

SAN     FRANCISCO 

MANKATO 

SPOKANE 

LOS    ANGELES 

CRANE-BENNETT.  Ltd. 

LON 

DO 

•J.    ENG. 

lllil!lll|lllllllllll!llllllllllll||lllllllllll!lllllllllll!, 
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O..    Toledo     Until    10    .i      m  .    .1 
nty   Commissions! 

]    :•■'■■    :    ■ 
195  lln.  ft.  of 
Si      oltl      I 
Wyo  .    Cheyenne- -l'ntil    ni 

•    erk    Cltj   .,- 
for    the   oonati 


Buildings 


Af.:.    Flagstaff     Until  3  p.   m  .  J 

.        ■■:     > 

n  shine    labor   ■ 
romplel 

\ 
u  . 
•' 
•      II      arcl 
Ariz  .   Mesa-   Until   11  a.   m..   Jul 

ad  1111:1111     nni  ral     nl     the 
1    ■ 
■    the   construction   •  ■• 
\'  li      Leai  hi  1 
trcht*..     Arizona     Nat'l      Bank 
oenlx.  Arlx. 
Am..    Phoenix— Until   10  a.    m  .    .lure    20. 
bj    \\     S.    tngalls,   adjutant  general   of  tl»> 
■    iiiitol    BIdg.,    i 

:,..ry    :it 

•  %    HI. Ik. .    Phoenix     Ariz. 
Calif..   Berkeley— Until   4  p.   m  .   June    -'K 
by    the 

.hard.    Se.        8183    Allston    Way,     Berkeley. 
■    furnishing   materials   and   labor 
tlon  "f  shop 
W  ,!•.  r    ii     Ral    ' 
Bank  Hide   1 
Calif..    El    Monte— Until    2    p.    m 

11    High 

brick  manual  train  ii 
H     ■'     Thome,   Archt.,   620   Mutual 
'     s-.les.  Calif 
Conn.,    Hartford— Until   11    a.    m..    July   7. 
troller  Harvey  P.   Blssell,   of  state 
of    Hartford     Capitol    BIdg  .    Hartford     for 
the  following  named  buildings  f..r  I 

-  immlssto]         \ 
and    offlce    building,    located    at     I 
roi  m    hall   an.l    !. 
•    Herlden,    I  '■  nn  :   a    first-floor 
auditorium     at      Norwich      Conn.:     and     a 
ulldlng  at  Nlantic.  Conn. 
Fla..     Macclenny— Bid*    ari 

by  the  board  of  public  instruction. 
'„.-r.    for    the    erection    of    a 
brick  and  frame  school  building.     Jefferson 
II.    Archt.,    Bisbec    BIdg  .    Jackson- 
ville   Fla. 

III.,  Springfield— T'ntil  I  p    m  .  July  1,  by 

school  district   No    96.   for  the 

1    of    two    rooms    t.,    thi     Highlands 

.I.,hn   I.   Rinaker.   Archt.,   1  r. ?.  1   No- 

rtngfleld,   111 

Ind..     Ft.    Wayne — Until    10    B      m.,    June 

tor    Allen 

ii     Wayne,   Ii 

i    detention   1 
Ind.,   Ft.  Wayne— l'ntil  2  p.  m  .  July    .... 
'     Adams 
Two.,      Wayne     Ti 
Ind  .    for    the    erection    and    com- 
of    a    Joint    hleh    and     elet 
building,    Inclo 

'limbing  and  electric  wiring.    Hen- 
1  615  W.  Jefferson  St.. 
Ind. 
Ky..   Louisville— Until   8   p.   m      .' 
1 
■m'l     1)      Jon. 

1  lumbing, 
trlclty  at 

Boston— Until  2  30  p    m  .  June  3n. 
vision   of 

■ 

of   labor 

fi  '1  .ink    W. 
Mass..    Boston— Until    1    a.    m 

I 
u  6  gaa     ■ 
Mali.,     Northamptor 

Mich.,     Elolie 


Minn.,    Albert    Lea— Until    "    p.    in..    July 

12,   t»    Jai    a    Wetmore,   Acting  Supervis- 

Ti wesiii y    Department,    Waah- 

1 '.  C,  for  ab.  post  offlce 

building. 

Minn.,    National    Falls— Until    1:10    p.    in. 
.Tuly    6. 

1,  Koochiching  County,  International  Palls, 

.Minn.,    lor   Furnishing   labor    and    materia] 

on  "f  a   inch  school  building. 

Ave.,  Minneapolis,   Minn. 
N.  J..  Newark— Until  B:80  p.  m 

il  Ion  of  the  town  ..f  Nutley 
hool    building,    Nutley,    N.    J.,    for 

furnishing     labor     and     material     for     con- 
si  •  u, t  ion    of    a-    SO-rootn    addition    to    tin- 
hool    building,   Including   plumbing, 
ventilating    and    electrical    work, 
1  has.   61  lones,  Archt  .   2*u   lir.ia.l- 

« ay,   New   JToi 

N.  J..   Newark    -Until   B:16   p.   in  .  July  12. 
i,\   boat  ;  in,  for  repairs  t..  1  oofs, 

gutti  rs,  etc,  1  -  hools. 

N.  J.,  Newark— Until  2  p.  m.,  July  7,  by 
board  of  trustees  of  the  Free  Public  Li- 
brary of  Newark.  1-11  Washington  St., 
for  construction  of  an  addition 
tei  Itlon  of  the  library  building. 
John  11  &  Wilson  C.  Ely,  Archts.,  Fire- 
men's  BIdg.,   Newark,   N.   J. 

N.   Y..  Cortland— Until   11  a.   m.,  June  29. 

by  spe<  t.e  of  the  board 

1       40   Main   St..    Cortland.    N. 

tectric  work  and  eleva- 

tor  ins.  ■  .  w  courthouse  and  jail. 

R    Qordon     \i.!it,  507  Fifth  Ave.,  New 

.  My. 

N.    Y.,    Oswego — Until   3    p.   m..    June   19, 

.1  a  s 


rk;    work    includes    the   following: 
work,      roofing     and 
irk,     plumbing,     steam     heating, 
1  Ing 


Rivers  -  Harbors 


D.    C.    Washington      I  nttl    I    p     m  .    July 
1  !  I  Ustrict 

■     1  ■      for    r,  moving 
is    of   pi.-r   and    driving 
old   ferry  wharf  on   Water  St. 
La.,    New    Orleans— Until    11    a.    111 ..    July 
-      1 
New    Orleans,    for   constructing 
1    ladder,    pip. 
and  ting  for  0    s.  dredge,  "Gulfport." 

La.,    New   Orleans     I  rune   M, 

of  the  Port  of 


Archt.,  Treasury   Department,  for  restora 
lion    of    stone    cornices    and    replacing    of 
for  U.  S.  post  office  and  custom 
house. 

N.  C.  Llncolntown— T'ntil  2  p.  in.,  June 
30,  by  Dr.  I.  K  Self,  chairman  of  the 
board  of  trustees,  High  School  BIdg.,  lin- 
v  C,  for  the  erection  of  a  high 
s.  hool  building.  Jas.  A.  Salter,  Archt.. 
Raleigh,  n.  C. 

N.    D..    Litchvllle—  Until    2   p.    m.,   July  7, 
Nelson,    Clerk,    for    the   erection 
and  completion  of  a  school  building.     W.  D. 
■  .    Archt.,   Fargo,    N.    D. 

Pa..  Amblei — Until  July  1.  by  board  of 
education,  ror  construction  of  a  high  school 
building.     S.  S.  Conover,  Archt. 

Pa.,  Carbondale — l'ntil  9  a.  m..  June  11, 
by  the  Armory  Board.  Benj.  W.  Demining. 
Sec,  Adjutant  General's  offlce,  Harrisburg, 
Pa.,  for  th,  erection  of  a  drill  ball,  state 
Armory.  Carbondale.  Fred  A.  and  John 
Nelson,   Archts.,  Scranton,  Pa. 

Pa.,  Geistown  —Until  2  p.  m.,  July  1,  by 
D.  S.  Yoder.  Sec.  Richland  twp.  school 
ilist..  R.  D.  No.  3.  Johnstown.  Pa.,  for  the 
oi  a  two-story  brick  school  build- 
ing. Including  system  of  heating,  electric 
wiring   and    plui  Hersch    &    Holler, 

Commerce    BIdg.,    Altoona, 

Pa..  Philadelphia— Until  July  fi.  by  Board 
of  Education,  for  the  erection  of  Carroll 
school  building. 

Pa.,  Philadelphia— Until  July  3.  1 

11.  1,1.  s  w.  cor.  16th  and  Chestnut 
Sis  .  for  the  erection  of  a  bank  offlce  build- 
ing and  power  house.  Hoffman-Henon  Co., 
Archts. 

Pa..    Philadelphia— Until  noon.  July   6,  by 
Bureau  of  Hospitals,  34th  and  Pini   sis  .  for 
tlon    "'    a    res  Idenci     bu  Id 
,   Including  construction,   plumbing, 
rlcal    work.      Philip    H. 
-ser  BIdg.,  1713 
SI  .   Philadelphia 
S.    D..    Dell    Rapids— Until    11    a.    m..   July 
.1     Bai  ii.    cl  dd   Fellows' 

Home,  ror  a   tw  o-story  ston 

Schwarz,   ArchL,   Sioux  Falls.  S.   D. 
S.    D..   Trent— l'ntil   July    10,    by    Buettler 
A   A  rn.. Id.    Ai  City,   S     D.,  for 

a   $50,000  school  build- 
ing. 

Tex.,  Sherman  Until  7:30  P.  m..  July  1, 
by  O.  D 

..f  a   high 
H       Page     &.     Bro.. 
Arcl 

Tex.,    Taylor     l'ntil    8    p     m..    .Tulv   3,    by 

Taj  I01 .  Tex.,  for 

high      .  hool    building. 

'rChtS.,    Austin.    Tex. 
Ont..    Inglewood— Until    .".    p,    in ..    July    4. 
rd    of    education      T     11 

tion  of  a 
111         -,  h    ■■!    building. 
Ont.,    Toronto     Until     n....n.     July     4.     by 
Magulre,    M 

>  r,  of  a  Nurai  s'   Homi   at  Rh 


for     furnishing     creosotcd 
piles.   an<  mbers. 

N.    J  .    Elizabeth— Until    8    p.    m..    July   6, 
1  II,   city  ball,  for  repairing  and 

rebuilding    the   dock    at    the    foot   of   Eliza- 
beth  Ave. 

N.    Y.,    New   York— Until    noon,    Jim.     80, 
I  nlssloner   of    Docks,    Pier   A,   foot 

rv    pi..    North    River,    Manhattan, 
for   building   a    ramp   and    dumping   board 
at   the    to         I    w      ISd    SI      1  tones    island 
rough   of  Brooklyn,  and  dredging 
tncldi  ntal   thereto. 

N.  Y.,   New  York— Until  11   a    m..  Friday. 
iv  Commissioner  of  Water  Sup- 
ply.  Gas   and    Electricity,    1;    2361,   nfunlci- 
Voti'ng    Supervising     pal    BIdg.,    Manhattan,    for    furnishing    and 


new    pier    lines    and    dock    hy- 
:    Pier    No.    6,    Pier    No.    33.    liist 
River:    Pier  No.  43.   North   River,  and   Pier 

No.   69.   East  River:   and   for  replacing  ex- 
isting pier  lines  and  dock  hydrants  at  Pier 
Baal    River,    and    Pier    No.    114. 
North    River.   Borough   of  Manhattan. 


Power  Plants 


Ala.,   Dothan — Until    2  p.   m ..   Aug.   15,   by 

ouncll   of   the  city  of 

pothan,    for    constructing    a    hydro-electric 

with    all    appurtenances.      (Adver- 

tlsement   in   this   issue.) 

Fla.,    Green    Cove   Springs — Until    July   5, 

by  bond  trustees,  F.  Lon.   Robertson,  Sec, 

r   house   equipment   to  cost  about 

III..    Peoria— t'ntil    2    p.    m..    July    3,    by 

R     30fi.    City 

Hall,     for    an    ornamental     street     lighting 

N.   J..   Perth   Amboy — Until   7  p.    m..  July 

i.-il.   city  hall,  A,   E.  Graham. 

city   clerk,   for   one   cylinder   for  oil  injec- 

to  be   used  on  360-hp., 

Bolinder    I 


Miscellaneous 


Ala..    Tuskegee— Until    3    p     m.,    .Tulv    IS, 
A.    Wetmore,    Acting    Supervising 
Architect.    Treasury     Department,     Wash- 
fire    alarm    system   at 

1      s    Veti  r.-iiis'    1  [ospitaL 
Ga..  Augusta— Until  3  p    m  ,  June  19.  by 
\\ .  :  more,     Act  Ins     Supervising 
Washington,  D.  C. 

foi  furnishing  wire  grilles  for  D  S.  Vet- 
erans' Hospital,  Aug  1  ivcrtlse- 
ni. lit  in  this  1 

Mich.,    Detroit  — Until    insn    a.    m.,    June 

30     by    1  1  lorrectlon,    1441 

Alfred  SI  .   Detroit,  for  furnishing  one  only 

Eontal  tubular  boiler,  72  In.  by  16 

nplete   with   boiler   front. 

N.   Y.,   Buffalo-    Until   10  a.   111  .  .!■ 

-,;  count)    :  for  fur- 

ft.   of 

of    :!'  j -in.     Internal 
oven,  rubber  lined- 

.     with    couplings    at' 

N.    J..    Midvale     Until    8    p.    111  . 

1       .1      1.     l'l,  ,  m I,    liistri,  t    Clei 

ool    Midvale,  Pa.,  r..r  the  installa- 
,   1  olli  r  in  public  school 

O..    Akron  — Unl  II    noon.    July    3.    ' 

■  >  .    for    furnishing 
■  1   dump  truck. 
O.,    Cleveland     l'ntil    noon.    Jun. 
office    of    Com  Pun  liases    and 

1  'it v   Hall,  for  tno 
dies   for   hauling  garbage;  also  for 
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J/more 

y^       per  dollar 


The  excerpt  below  is  from  a 

letter  written  by  a  large  user 

of  Dumorite  for  contracting 

operations. 


^ 


"I  am  in  receipt  of  yours  of  the  8th  inst.,  asking  my  expe- 
rience with  your  Dumorite  dynamite,  and  beg  to  advise  that  I 
have  been  using  it  now  for  the  past  sixty  days  in  hard  limestone 
rock  and  find  that  it  does  all  that  you  claim  for  it. 

"My  foremen  claim  that  they  get  better  results  from  the  same 

number  of  sticks  of  Dumorite  than  they  do  from  40^ ,  and  in 

addition  to  that,  it  has  the  advantage  of  not  freezing.   Since 
using  it,  I  have  heard  no  complaints  from  headache. 

"I  prefer  a  bulky  dynamite  like  Dumorite,  as  it  seems  to  go 
farther  with  equally  good  results." 


O.  K.d  by  the  Severest  Judges 


NO  ONE  is  better  fitted  to 
judge  the  value  of  an 
explosive  than  the  contractors 
who  shoot  it. 

We  have  stated  that  Dumorite 
does  the  work  of  40°^  dynamite, 
stick  for  stick.    Above  is  an  ex- 


Duluth  . 
Huntingto 
Kansas  City 


Spokane,  Wa 
oduct3  Exhibit.  A 


NON-HEADACHE 


cerpt  from  one  of  many  letters 
from  contractors  testifying  to 
this  fact. 

Remember  that  Dumorite 
gives  you  35  to  40  sticks  per 
case  more  than  "40^",  at  the 
same  price.  Get  in  touch  with 
our  nearest  branch  and  let 
Dumorite  savemoney  foryou,too. 

Address  our  nearest  branch 
office   for    full   information. 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 

Explosives  Department 

Wilmington,  Delaware 

NON-FREEZING 


DUMORITE 

THE  LATEST  OF  A  COMPLETE  LINE  OF  DU  PONT  EXPLOSIVES 
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Vol.  ?7;  No.  26. 


■ 

R.     I.,    Providence— I'mil    -  IS    i 

■ 


Railways 


BIOS   ASKED. 


- 


Mich..     Detroit 


SI  .    for 

nd 

•■    ■ 


■ 
Mich..    Detrc  • 

N.  Y.,  New  York— The  pan 

point    approx 

mpton    rounii 
O..    Cincinnati  —  Pun 

:     101.    511 

until 
uly  :).   for  S   bi 
mill. 
O.,     Cincinnati— The     Cleveland.     Cincin- 
-   Ky  .  pursue 
der  I'f    the    Int'  relate    Coram' 


. .    bids   up  t>-  i n    .1  uiv   :. 

105-lb.    Dudli 
ran    i 

■  di  r   rails.    Penn.   Steel 

fj:.:    1,2 

i    angle 
II   lb       brace      plat. 

L8 

point,   C,  i'    a-  st.   i.    Rj       w    .1. 
Miner,    Purchasing    Agent,    .".II    W 

PROSPECTIVE   WORK. 
Aril.,     Phoem. 

III.,     Mt.     Vernon 

■  :     the     \      I ' 

e    State 

Btructton 

R,  u.  from   Mi     \  ■  ■  i to  a  polnl 

le  t\\  ii 
Md..    Baltimore  — A  rom    the 

Hamllto 

Iways    to    provide    an 

from     II  -  rmlnus    .it     Hamilton 

.    •  ild   Harford    i 
Md..    Baltimore-  T!  .  nla  R.   R. 

Is    Inviting    bids    for  ,  kg    and 

revising  line  on  the-  Northern  Central   i:\\. 
—  nix.    Md.;    work    includes    about 
n.    1.300   yds.   mason- 
ry   2  ml.  of  track  material  to  be  unloaded 
and    laid,    also    "■.000   \.  ,   be   un- 

loaded.     .i    \n     Craig,  Asm 

Mi] 
Md..      Hagerstown  —  Pennsylvania      asks 
ompletlon   of   its  engine   ter- 
minal   facilities    at    Hagerstown.      \v      K. 
.Martin.    Engr.  of  Const'n,   Harrisburg,  Pa. 
N.   Y..   Albany — Approval   has  beei 

in  plans 
for    a    new    undererosslng    of    the 

i  ,v-  Pittsburgh  R.  R..  on  the  War- 
■  ■    Pi  iers     Md  highway. 
Okla..   Oklahoma   City     Tl 

rporal  Ion 


I  nger,  Chootaw   County,   in 

i     a     IV,)- 
P«..      Philadelphia      Philadelphia        Rapid 


Temi 


Mill.  - 

or  con- 
1     high-speed 


Chattanooga  -  -  The     Chattanooga 

lend    Its 

ral  miles  up  Dry  Val- 

Edgar.  2nd  Vice-Pri  -    and  G.  M. 

Tex..   Byers — A  survey  Is  being  m 

CVaurlka  extei  Wichita 

Vail. 

Tex..   Dallas— Steps  have   been    taken   by 
•  iimmlssioners.  Dallas.   Tex., 
the   II.  A  T.  C.  R.  R.  O 

•imated    cost    to    city 

of  Da  11 

Tex.,    Austin  i  i  i,     Kansas    & 

ved    permission   from 

ion   tn  dismantle   it^ 

ind  roundhoui 

i  lenlson,  called  Ray  Fart 
mated   cost,   >"<.noo,000. 
Utah.   Salt   Lake  City— General   Improve- 
i     $1,690    will    be    undi 

n     Short     Line 

i.  coordlng    to    tnfoi  n 

by    II.    V.    Piatt,    General    Manager       Work 

dbuble    tracking 

iddltlonal    trai  irde    at 

Nampa,      additional      trackagi       il      Soda 

Sprints     and    additional    trackage    and    im- 

hop  equipment   in  Sail    Lake   City 

Wash..   Deer   Park— Merk    1'    M.  i 
Si 

r    Park.    ha«    made   application    to 

vice  commission   for  a   fran- 

operate    an    electric    railway    bet. 

Park,    Clayton    and    Loon    Lake    to 

Sprlngdale. 

Wash.,   Olympia — The  "Wenatchee   South- 
ern   Ky.    has    made    application    to    the    In- 
terstate   Commerce    Commission     for    per- 
mission  to  build  a  line  connecting  Wenat- 
nd  Orondo.  "Wash 
Wyo.,  Casper— The  Burlington  Ry.  Co.  is 
surveys  for  a  railway   line   t..  the 
reek    and    Teapot    oil    fields.    45    mi. 
north  of  Casper,  Wyo.     Harry  v.  Sinclair, 
th   i  mi   Co  .    in'. 


Efficient 
\J  Qrvlce  _ 

KINNEAR  [ROLLING  i 
arc  right  mechanically.  Skill  in 
design  and  care  in  construction 
have  produced  rolling  doors  for  unfail- 
ing service  in  every  situation.  They 
are  easily  and  quickly  operated  by 
hand,  mechanically  or  by  motor. 


For  durability,  perfect  action  and 
economy  of  space  leading  architects 
specify  Kinnear  Steel  Rolling  Doors. 

Offices  and  agencies  in  principal 
cities,  where  our  own  expert  men  will 
do  erection,  thus  insuring  perfect 
installations. 

Our  Engineering  Department  is 
at  your  service  for  consultation  on 
special  problems  of  installation. 
Write  for  illustrated  book  O-Iu. 

The 

KINNEAR     MANUFACTURING 

COMPANY 

M0940  Fitld  At..  COLUMBUS,  OHIO 
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LIDGERWOOD 

Steam — Electric — Gasolene 

HOISTS 


To  meet  every  type  of  contracting  work. 

Our  gasolene  hoists  have  the  same  perfection 
in  design  and  workmanship  that  has  estab- 
lished the  reputation  of  Lidgerwood  Steam 
and  Electric  Hoists 


Derricks 


Cableways 


LIDGERWOOD  MFG.  CO. 

96   Liberty   St.,   New   York 


^ 


(SHM:-      v***sfe 


ERIE  Shovel  owned 
by  Bent  Btos.,  of 
Los  Angeles,  Cat., 
digging  a  7 -mile 
trench  at  Oklahoma 
City,  Otla. 


"Could  not 
be  better 
for  trench 
excavation 


"We  have  used  many  shov- 
els, but  like  the  ERIE!  best. 
It  couldn't  be  better  for 
trench  excavation.  It  is  on 
the  job  all  the  time,  turning 
out  a  good  big  yardage. 

"We  have  found  the  ERIE 
a  mighty  satisfactory  invest- 
ment, not  only  for  trench  ex- 
cavation, but  also  for  road 
grading  and  rock  work." — 
Arthur  S.  Bent,  Bent  Bros.,  Los 
Angeles.  Calif. 

The  ERIE  is  unequalled  for  trench  execration. 
Large  boulders  do  not  stop  it.  Digs  through 
hard  shale.  And  after  a  trench  cut,  the  ERIE 
Shovel  is  ready  for  street  grading,  cellar  digging 
—any  kind  of  excavation,  or  handles  clamshell. 

We  will  be  glad  to  send  you  a  bulletin  showing 
just  what  the  ERIE  can  do.     Write  for  Bulletin  E. 

digging: 

Erie  Steam  Shovel  Co.,  Erie,  Pa.,  U.  S.  A.   ing  and 


ed   1883.       For 


rly  Ba 


H3D 


Shovels 


"W  halcver 
your  problem 
may  be,  what- 
ever your 
question,  if  it 
concerns  con- 
J  "ii  will 
find  it  in  these 
volumes." 

:>ui  Engi- 
neering News 


4  volumes 
2502  pages 
2000  illustra- 
tions 
$20.50 
per  set 


reasons 

i  "^^^    The  Great 

Wny  >v       work  on 

you  should  examine    ^*^     Concn 

HOOL'S 

Concrete  Engineers'  Library 

1.  It  gives  the  best  modern  practice  on  every  phase  of  con- 
crete   construction. 

2.  It  shows  you  how  other  engineers  have  handled  problems 

3.  It  is  practical  all  the  way  through.  The  books  offer  you 
additional   knowledge   to  back   up  your  own  experience. 

4.  It  explains  methods  that  will  save  you  time  and  effort.  It 
gets  right  down  to  the  object  of  your  efforts — better  re- 
sults at  less  cost. 

5.  It  contains  material  derived  from  actual  practice — facts 
of  proven  value. 

The  Whole  Story  of  Concrete 

In  these  four  books  is  told  the  whole  story  of  concrete,  with 
a  thoroughness  of  detail  that  has  established  them  as  the 
standard  reference  books  on  modern  concrete  construction 
practice.  They  should  be  in  the  library  of  every  designer 
tructures.   of  every   builder,   of  every   contractor,   of  every 


civil 


riKin 


Sent  on  approval — No  money  down     Small 
monthly  payments 


K.".l 


nati 


ely  agree   to   retl 


,oc  the  books.  You 
the  books,  postpaid,  within  10  days 
lit  $2.60  in  10  days  and  $3.00  month- 
price  of  the  library — $20.50 — is  paid, 
red   tape.      YOU   decide. 


7  tee  Sjxmwialwn  Ccupcn 


N. 


'ou  may  send  me  the  Hool  Concrete  Engineers'  Library  for 
If  the  books  prove  satisfactory  I  will  send  $2.50 
IC  da  ;.nd  $3.00  per  month  until  I  have  paid  the  price  of 
books.  $20.50.  If  the  books  are  not  what  I  want.  I  agree  to 
irn    them    postpaid    within    10    days   of    receipt. 


Member  of  the  Am.  Soc.  C.  E. 
Subscriber  to  Eng  and  Cont. 
Signed      


Addres 


Official    Position 


of    Company. 


il  to  retail   pure!,  i 
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(gLLS  FOR  BIDS 


Copy  received 

until 
Monday  noon 


-J 


DEPARTMENT    OF     PUBLIC 
WORKS. 


N      -i       Jill 


b<     n 

•  ■in      3. 
i i u k .    until    11:0 
for  tli.-   following 
1st. 

■ 

■ 

full  i 

' 

to  pun  ■ 

city   the   right 

the    prli  a   In   said    b 

months   from   the   date   of 
.  r  Buch  bid. 
i  racl  "f  land  nol 

i  dlroad    and    no! 
lea    from    tli. 

Ion  atoi  in. unt.  nance 

•  ,  In. -ration    or      reduction       plant. 
Bidden   must    give   a   full    -. 

erty,  price  per  acre  or  terms  f"r 

a    lias.-    for    a    period    Of    >iars.    BU 

pur.  has. •   by   tin-   city,    and 
city   the    right   to  purchase   the   same,   at 
-.tinned     in     saiil    toil,     for    a 

■     in   tin-   date   of 
tin    opening  of  such  bid. 

3rd.      For  the  necessary  machinery  and 
equipment  for  the   Incineration  or  reduc- 

•    ill  garbage  collected  bj    I 
of    Buffalo,    which    machinery    and   equip- 
ment   must    have    a    I 

mUBl      Mil. mil 
ii,.ns    showing     their 
method   of  Incineration  or  reduction,   in- 
.  ludlns     IN     ."si     of    operation     per    ton. 
imercial   value  of  the    residue,  tin- 
■  .  :  •■   similar    plants   are 
.  .i   and   a    guarant)    that   no 
us    gases    or   odors    will    P.     cre- 
ated   through     operation.     No     proposal 
will    p.-   considered   unless   it    be    accom- 

'■•■    a    certified   ch<  ■ 
th.     order    of    the    Department    of    Public 

in    an    amount   eq1; 

cent   of   thi    cost  of   said   machinery   ami 

equipment    or  .■  i...nd  in  conformity    with 

law.    which    bend    shall   be    fifty    per  cent 

sum  named  In  the  proposal. 

4th.      For      th<-      necessary       n 

.1     for    the     incineration     or 
■    ,,f  the 
City   of    Buffalo,   which    said      n 

i    must    have   b   capacity  of 
tons   per  day.      Bidders   must 
submit   detailed   plana  and    -p.-ciflcatlons 
showini  ration  or 

i  uding    the    co   I    of   opera- 
tion pit  ton,  the  commercial  val 
of  cltlei    "■  ) 
..     being    •  1  'rated     and      a 
guaranty    thai    no    obnoxious    cases     or 
ited  through  operation, 
oposal    will    be    considered    unless 
..nicd    by    a   certlfli  d 
■..   i  hi    ordi  t   of   ' 
,.i    Public   Works,   in   an  amount   equal    to 

..f   the    cost     of 
chln'-rv     and    equipment,   or   a    bond    in 
mity    with    law.    which    bo 

I    the    sum    named    In 

d<  sired    Information    in    rei 
,■1    be    had    on    applii 

?..   Munli  Ipal    Building,   on 

I  ... 

light    to 

City  of 
of   May. 

i.s.   City 
June  I».  20,   I*,  IT. 


O.    Bo 

at  11    2     P      M 

■ 

■ 

formation   on  applb  I 


NOTICE  TO  CONTRACTORS. 


,    ,1  an, in     File    No       1,80'    ""1 

and 

n    F     .... 
Trunk    Line    Route    No      17,    In    Leon) 

Township.     Jackson     Coum>. 

Jackson,   Mich. 

lis  «  ill  be  i I\  ed  at   the 

i .  .,i,i  hi  i  lount)  Road  Corn- 
's Han- 
son 81  llichlgan,  urn  II  i  DO 
r  m  .  Central  Standard  Time,  1 
.tub  6,  1922,  bj  Frank  F  Rogers,  State 
Highway  Comn 

\     Improving   .396    mllei 

.     i,  ..I.      i  ounty, 
Umll     ol  tbi 
as  Seel  Ion   P  •  I    Pi  a 
, 

■    tructure 

for    an    undercrosslng    passing    under    the 

Railroad      Company's 

,t     a    point    about    midway    in    the 

inject. 

I  .KS<  OF    WORK. 

\         This    group    is    to    include 
,n   earthwork    In    th<  luslve  of 

thai    portion    between    stations    ir,u-7n    and 
lill-OO  which  is   Included   under  Group  "B." 
mately  15,442  cu.  yds.  of  excavation 
and   816   CU.   yds.  of  fill  is  involved. 

Disposition  of  all  waste  material  of  the 
entire  project  Is  included  under  Group 
-  A  Wast.-    material    is    to    be    used    for 

forming    a    temporary    road,    and    surplus 
|e   to   be   disposed   of   In   the   mill 
pond   as  shown   on   the  plans,   and  as  may 
Be  further  directed  by  the  Engineer. 

Group   "A"  also  includes  the  removal  of 

an    existing    culvert    and    the    construction 

w    concrete   slab    culvert   requiring 

about   80.4    cu.    yds.    of  concrete   and   1,926 

lbs.   of  reinforcing  steel. 

Group  "B." — The  following  work  Is  In- 
cluded   under   this   group: 

(a)  Masonry. — The  construction  of  two 
plain  concrete  abutments  for  the  pro- 
posed undercrossing.  Approximately  1.40fi 
,.,,  yds  ol  i  liad.  i  '  .  mil  rote  and  20,600 
lbs.    of   reinforcing   steel   is    Involved 

(b)  Drainage. — The  construction  of  the 
main  drain  from  the  subway  to  outlet,  in- 
cluding  connecting  surface  drains  and 
abutment  drains.  This  item  includes 
about  1,040  lln.  ft.  of  12-in.  vitrified  tile. 
334  lln.  ft.  of  8-in.  vitrified  tile.  8  inlets 
and   2  manholes. 

(c)  Earthwork.— Includes  all  excavation 
and  backfill,  with  free  overhaul,  between 
Stations    160-70    and    164-00. 

Falsework.— Is  now  being  placed  by  the 
M.  C.  R.  R.  and  will  be  removed  by  the 
Rallorad  Company  when  the  superstruc- 
ture  Is   erected. 

ol     Way    and    Water    Difficulties. 

All    right   of   way.    and    flow-ago  rights    In 

connection  with  the  mill  pond  adjacent   to 

Bite,    and    all    land    and    property   damages 

sen    taken    care    of    and    mill    pond 

control    will    be    turned    over    to    the    con- 

Gates   to  the  dam  will   1 pencil 

prloi  to  the  award  of  thia  contract 

■  n a  arc  that  ma- 
.i    ailty    or    clay    gravel     for     full 
f    excavations.      Contractors    must 
this,  however.     It  is 
table    that    piles    will    be    required. 
although    a    unit    price    will    be    taken    to 
■    item. 
tincture  Is  not  a  part  of  the  pro- 

and    Curb     and    Gutter    are    not 
in    this   work 
Groups    A    and    B    will    necessarily    be 

ty,    Put    with    • 

ublet  the  work 

the  written  approval  of  the  State  Highway 

Th<-  concrete  mixes  called 

the  bridge  plans  are  to   be  slightly 

I  ghwai    Si I 

ni  on  this  work  will  be  furnished 

on  ti>i ntrat  t 

Groupi    A    and    II    must    be    com- 
,,r   before    Di 

ii  blanks 

writing     thl 
ding    witii    ai 

■ 

i     condition.       Plan' 


i'.i 

■mm.  ni. 
Ann    \ilior.   or  at   the   office   ol    the   State 

II  !      ■ 

\  .ii   check    in    the   amount   of   $500 

Is  ri  quired  w  iih    ill   proposals 

PR  INK    F     Ii.  iGERS, 

i 
I 


BIDS     FOR     CONSTRUCTION     OF 

CURB    AND   GUTTERS    AND 

SEWERS. 

proposals  will  bi    recelvi  d  by   the 
Board  ol    Publli    Wor]        Vni     Vrboi 
■an,   i  hrough   the  City  Clerl      on  oi 

i  !•■.    .luly 

14.    1922,    for  thi  concrt  te 

urb   and    gutter   dls- 

i  elusive    also  for  the 

■on  of  lateral     sewer     In    Lateral 

s.-\\.  i    District    No.    112,   and    fot    a    storm 

sewi  i-    on    Brooke    St.,    from    Pearl    St.    to 

Killer  A\ e.     Approxlma te  qua 

con I  c  urb  and 

680  lln.  ft.  10-in    \  Itrlfled 

lln.  ft.   12-ln.   vitrified  plpi 

l  ,240  lin.  ft.  l.'i-m    vitrified  pipe. 

250  lin.  ft.   iv  in    vitrified   pipe. 

180  lln    ft.  22-in.  vitrified  pipe 

2.000  cu.  yds     -  ■  kfilllng. 

Plana  and  specifications  are  on  tile  In  the 

■    r's    office      a    certified   check 

fot  "i    the  bid    must    ace pain    each 

-uai-antce  of  good  faith  of  bidder 
and  the  Board  of  Public  Works  reserves 
the  right   to  reject  any  and    ill  bids, 

ISAAC  G.   KKVNiH.ns, 
City  rierk. 


Bids   received   until    12    U    July   7.    1922. 
SEWAGE  TREATMENT   PLANT. 
Geneva.  Ohio. 

Sealed   bids   will  be   received   until   n 

.ini.v  T.  1922.  by  the  Village  ni  Geneva,  Ohio. 
for  constructing  a  Sewage  Tri 
and  Pumping  Station.  Plana  ami  specifi- 
cations Mom  Burgess  and  Nlpie,  Columbus, 
Ohio  on  receipt  "f  ten  dollars,  of  which 
Bvi    ii.. liars   will   I..-   refund'  d. 

w       i:     MORGAN, 
Village  Clerk. 


TREASURT  DEPARTMENT,  Office  of 
the  Supervising  Architect,  Washington, 
D  C,  June  14,  1922.  SEALED  PROPO- 
SALS win  be  opened  In  this  ..Mice  at  3 
p.  m  .  .Tulv   14,  192  to  the 

United  States  Posl  Office  at  Lowell,  Mass 
I  M  awinga  and  spi  i  Iflca  I  lona  may  be  ob- 
tained from  the  Custodian  at  Lowell,  Mass.. 
,i    ;,i    tins   office    in    the   discretion    of   the 

rchlt 
A.tiiig  Supervising  Architei 


TRE  VS1  l:v    I  >EP  UtTMENT,     Su 

mg    (Vrchlti  el       i  "P.  e.  Wa  I 

June  24     1922      SE  \l.Kl'   PRt  iPOSALS  will 

|  ,    opi  ,,,  ,i    in   ii,  ii    m  .  July  20. 

.-.     mailing   shed 

,  ,i    stai.  s    Pot  I    '  iffli  ■      Sheboygan, 

u  Drawings  and  specifications   may  be 

obtained   from  the  Custodian  at   the  bulld- 

.,!    thia  office,    In   the  .iism-ilon  of 

enrli  Ins     \i.  I  \     Wei  - 

..I.      \ 


r     s     ENGINEER   OFFICE     P    0     Box 

t  ■     i...uis\  in.-.    Ki      Sealed 

til    2    p      m  .     ■ 
ruly  it.   r.'22.  and   then  opened,  for 
ill  ml    Work   for 
No      44.     Ohio 
Further    Information    on 


i      s     ENGINEER   I  iftalo.   N". 

n      Sealed   proposala  will  be  r Ived  here 

until    ii    a     m     (Standard   time).   July   17. 

.i    ii,,  n    ..p.  in  •!  f"i    constructing 

,  m,  1,  ion 

ii,,..,  ii     Further  in- 

■i   on   application.  


CALLS  FOR  BIDS  ON  PAGES  32  AND  34. 


linn  28,  1922. 
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PERFORMANCE  IS  THE  REAL 
TEST  OF  WORTH 

You  will  never  know  how  much    rimi  .  ti  o  and   expensive  delays  you 

DAKE  SWINGING  ENGINE 


on    one    of   >.'in   hnll    wheel   ilcrneks.                 1 

Alter  tlut  it'sa  matter  dI  mulriplica- 

tion.      You   »,ll  «Jnt   them   on   all             J 

,urd 

SB  Type 

Eight?  percent  of  our  sala  in  rfc   last 

with  automat 

twelve   months  were    r.  i-rar  orders. 

Brake 

Isn'r    that    the    best    proof   thar    the 

DAKE  ni.il. 

Write  for  full  information. 

Built  to  Carry 
Big  Contracts 


Designed  and  Built 
for  Strength,  Me-' 
chanical  Simplicity 
and  thorough  mix- 
rng  action.  All  sizes 
are  featured  by  Low- 
Charge,  Batch-Hop- 
per and  power  load- 
ing devices. 


Write  today  for  new  catalogue  No.  70  showing  especially  the 
4-S,  7-S  and  10-S  sizes. 

Atlas  Engineering  Company 

Milwaukee,  Wisconsin 


;:,, 


THEY  USED  BATES  WIRE  TIES  by  th 

Hill  (Idaho)  l'rojecr  of  the  U.  S.  Reclamation  Service     Ni. 

one-half   miles  of  reinforced  concrere  flume  were  buih 

Wire  Tie  holding  fast  every  intersection.  Report*  of  the  work 
it  wit  possible  10 
nd  tying  rools — 


y  thar  111  placing  th 
do  the  job  three  time: 
instead  of  ordin?r     pi 


Enforcing  steel  in  fo 
1  fast  by  using  wire  t 
1  and  straight  ,wire. 


FREE  TRIAL  OUTFIT— The  Bates  FREE  Trial  Rod  Tying 
Outfit  consisting  of  one  Pistol  Gr.p  Tv,nK  Tool  1.  illustrated  above 
•nd  liberal  samples  of  the  various  sizes  of  wire  ties  will  be  sent  on 
pt  of  your  signed  agreement  to  try  it  on  your  work  and  within 
rial  ties  cost 


1  the  tool,      The 


BATES  VALVE  BAG  COMPANY 

7328  South  Chicago  An. 


American  Gasoline  Locomotives 
Are  the  "One  Best  Bet" 


The  American 
losses  arc  kept  to 


"Gas-O-Motive"  giv 
stly  auxiliary  equipn 


i  the  le 


pensive   haulage  because 
as  sub-stations,  etc.      Powei 
ips  when  the  motor  stops. 

The  "Gas-O-Motive"  embodies  the  latest  engineering  practice — in  actual 
operation  it  is  astonishing  in  performance.  Built  for  fast,  heavy  duty  service 
it  is  satisfactory  under  most  trying  conditions. 

Justify  yourself  by  using  only  justifiable  haulage  equipment — the  An 
"Gaa-O-Motive." 

Complete  Data  and  New  Catalog  on  Request 

HADFIELD-PENFIELD  STEEL  CO. 


BUCYRUS 


OHIO 
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Copy  received 

until 
Monday  noon 


HYDRO-ELECTRIC  PRO.IIXT. 

i'. .Hi. in 

■  '     Ull.ll       ill       tli. 

.'mi.     until     %     ■■'.  M 

■    l-hlllg     Ml.lt.   I 
High    HlllIT  .11    th.     • 

•    iv  i    mil.  -   • 
■ 

■ 
■     - 
earth  dai  pill  way.  nl  mmenta 

use,   and  the  turn): 
hlner) . 
U  :ij. proximate  quantities  ln- 
■         \\  i  n  g  : 

,,tlon. 
.11.  \.ls    of  embankment. 
..f    concreti 

i  ounda  of  relnforctni 
;  ounda  of  Btructural  Bt<  •  I   work. 
Turblni  i         ■  ■  ra    and 

auxiliary    po*  lipmenl     for    a 

Installation  ol  approximately  3.000 
BHP  ca]  units. 

A  transmission  line  twenty-one  and  one- 
half  (UH)  mllea  long  at  44,000  volts  pres- 
sure. 

Plans  ami  spi  re  "ii  HI o  at  the 

office  of   tin-  City   Clerk,   at    Dothan,   Aia- 

l.atna.  and  at  the  otiicc  of  Tli.'  Ludlow  En- 

Balem,    N.    C,    where 

they  may  be  examined  bj   pn    pectlve  bld- 

Coples    of    the    plans    covering    the    con- 
struction  ilotails  of   this   project    and    two 
(  the  specifications  attached  to  the 
form  of  proposal  and  contract  will  he  fur- 
nished bv  The  Ludlow  Engineers    Wlnston- 
v     c.,    upon  i>y    pro- 

ompanled    by 
00)    dollars    to    cover 
the    cost.    or.    separate    prints,    and    extra 
copies   of   specifications   and    form    of   pro- 
■   one   ($100)   dollar  each. 
Each    bid     must     he    accompanied     by     a 
certified  check  for  approximately  five  (5%) 
per   cent   of   thi  _, 

Proposals  will  be  received  at  tire  City 
Hall  Dothan,  Alabama,  and  opened  puh- 
llclv  with  the  right  reserved  to  accept  any 
bid  or  to  reject  anv  or  all  bids  as  the  best 

I    DI.OW 
ENGINEERS     INC.,    Winston -Salem.    N.  C. 
.     .!•  PNES,    Mayor. 
R    W    USENBT,    City   Clerk. 

COUNTY    ROAD    WORK. 

Geneva     in 

1  Xotic    i?    hereto! 

I  o 
i^ountv.    Bald   road   w,.rk   known   as   Section 
\  ,n   Route 

,.!ii  i...  r.  ceh  •  ■  lounty  of 

unty  Superin- 
tendent  of   Highways   in    the  <',.urt  House 
nols,    until    2    o'clock    P.    M.. 
'       D-.     "?2.     at 
which    time   and    place    said    proposals   will 

2  Detailed    information    ..f    the    work   to 

ininatlon 
on    file   In 
intv    Sunpi-rintendent 
unty. 

■    all   pro- 

.i  lilies. 

(      Th-   engineer's   ■  '>"'   pro- 

■   .rk   Is  Thirty  »d,  nine 

i.. liars  for 

V-15d  and  T-  -ix  hun- 

•hty-elght    and    56/100    ($10,688.55) 

dollars. 

I      .Tune    24.    1922. 

THE   COUNTY   OF   KA\K., 

Claude  T,    Hanson 

r  Highways. 


IS'  250  Old  Land 

•    Wnshlnir"' 

here    until    12 

17.  1922.   and  i   for  the 

■■  ■  It  •  m    b,     Section 

I.   and   Item    c 

2    and 

pivMor,  ipl.lv  conduit 


!     until    July     llth,     l'.'l'J 

CONCRETE    FILTER   PLANT 
SUBSTRUCTURES. 
CONTRACT  NO.  1. 

Buffalo.    N.    Y. 
or  the  const)  notion  of 
itlng  basin,  clear  » 

i  hi  .■  ,.(  pumpli 
tlon,  COndUItS  and  other  appili  l  i-nances  in 
connection  with  the  Miter  plant  for  the 
City  of  Buffalo,  N  v  .  will  be  received 
Commissioner  of  Public  Works  at 
In  the  Municipal  Building.  Huf- 
falo,  x  X  .  until  eleven  a.  m.,  daylight 
saving  time,  on  Tuesday,  the  eleventh  day 

Of     .llllN 

Copies    of    the    plans    and    specifications 
i   the  office  of  the  Engineer 
Of    the     Filtration       Division.       Bui. 

Porter   Avenue,  Buffalo,  N.  Y.,  and 

copies  of  the  plans,  sp,  contract 

in   of  proposal  may  be   obtained  at 

on    the   deposit   of   $25.00   for 

i     furnished,    which    sum    will    be 

■  i  if  the  plans  and  specifications  are 

returned    within    SO    days    after    bids    have 

been  received  and  acted  upon.     Plans  and 

specifications    may    also    be    seen    at     the 

FAiller    &    IfcCIIntock,    Consulting 

Engineers.   170  Broadway,  New  York. 

Proposals  must  be  made  on  the  blank 
forms  furnished  and  must  be  8. 
endorsed — "Proposal  for  Filter  Plant  Sub- 
structures." Each  proposal  must  be  ac- 
companied bv  a  certified  check  In  the 
amount  of  $1",0. 000.00. 

The  principal  estimated  quantities  are 
approximately   as   folli 

non,   350,000  cu.  yds. 
Earth   embankment,   110.000  cu.   yds. 
Rock  excavation.   7.000  cu.  yds. 

Bte   masonry.   60.000  cu.   yds 
Steel  reinforcement,   3,500  tons. 
Placing  piping  and   iron   and   steel  work 
by  the  City.   5S0  tons. 

The  principal  structures  are  a  rein- 
forced concrete  coagulating  basin  about 
304  ft.  x  408  ft.  x  26  ft.  average  depth,  a 
reinforced  concrete  clear  water  reservoir 
330  ft.  x  ",10  ft.  x  2.".  ft.  average  depth  and 
40  reinforced  concrete  filter  boxes  each 
about  33  ft.  x  50  ft.  x  0  ft.  deep. 

The  work  is  located  in  the  City  of  Buf- 
falo, on  the  water  front  south  of  Jersey 
Street. 

The  City  reserves  the  right  to  reject  any 
or  all  bids  in  case  this  is  deemed  to  be 
for  the  interest  of  the  City. 

GEORGE  C.   ANDREWS, 
Engineer,  Filtration  Division. 


REINFORCED    CONCRETE   SET- 
TLING BASIN. 

Ft.   Collins.   Colorado. 

Colorado,    will 

until   eight   o'clock   a.   m.,   July  8. 

1922.   sealed    proposals   for   construction    of 

$13,000    reinforced    concrete    settling    basin 

ooo.ooo   gallons  capacity. 

CITY    ENGINEER. 

Ft.  Collins.  Colo. 


TREASURY.     DEPARTMENT,    I 

Ing   Architect's  Office,    Washington.   D.  C, 

June    19,    1922— SEALED   PROPOSALS  will 

be   opened    In    this   office  at   3    p.   m..    July 

for  furnishing  wire   grilles   for  the 

IT.    S     '  !     pltal,    Augusta,    Ga.. 

with    the    specifications  and 

i    a      .i  me,    which    may    be 

,       .  |  J       ;  'in,.   I     lit,   ii.  I,  III 

i    mi.     Hospital    sit,.,    or 
from    this   office,    In    the   discretion   of   the 
Jaa      \.    Wetmore, 
Ictlng  Sup,  i  \  i-  Ing  Architect 


PROPOSALS  FOR  STEEL  LADDER, 
PIPE,  ETC  D  s  Engineer  Office,  329 
Customhouse,  New  Orleans,  La—  Sealed 
proposals  will  be  received  hero  until  11  a 
in  .  July  17.  1922,  and  tin  n  opened,  for 
ictlng  and  delivering  steed  ladder, 
irs  and  shafting  for  U.  S  Dredge 
"Guifnort."      Further    Information    on    ap- 


i'     s     Engineer   Office,    Pittsburgh.    Pa. 
proposals  will   he   received    lure   un- 
til  12  noun    (Eastern   time),   July    19,   1922 
and    then    opened,    fur    furnishing   and    de 
•  el  derrick  boat   hull      Pnr- 
....    application. 


CONCRETE  FLOOD  GATE  AND 
APPURTENANCES. 

i, mi.  nsas. 

ed  b)    the 
th     i   .  i  all     i .  ike   Levee  Dls- 
i  ■  Jar  Ion  Hot  el.  Lit  tie  Ra 

i    ■  DO    P      \i      'I'm    da]  ,    Julj 

he  const!  ucl  Ion  ol   a  I  Jon 
I  ppurti  nances  at  Big 
Kyou  Meto,  Glllett,  Arkansas  County,  Ax- 
i.  Following    are     the    a  proximate 

Excavation,  50, iu    yds 

Round  Foundation   Plli  -.  21.000  lln.   ft. 

st-  .  l  Sheet  Plli  Cul  Off  Walls,  20,000 
sq.    ft. 

i     yds. 

l;.  infi.i. -ing    St,  ,  1.    200    tons. 

I     tons 

Hand    Rail,    2    In     Q]    r and    Fittings. 

in  ft. 

Hand  Rail  l>  In  '11  Pipe  and  Finings. 
1,000   lln.    n 

Hoisting    Ipparatu      SO  tons. 

Detail     Plans,     specifications    and    Blank 

(forms  of  Proposal  are  on  file  at  the  office 

of  A.   W.    Dobyns,    Attorney,   Little  Rock. 

■  iii.   ..iii,-,    of  Ai  res  &  Mll- 

I,  ,     m.i.i  Memphis.    Tennessee. 

Detail  Plans,  Specifications  and  Propo- 
sal Forma  will  be  furnished  upon  applica- 
tion accompanied  by  a  certified  cheek  for 
twenty    ($20. 00)    dollars. 

Each  proposal  Bhall  in-  accompanied  by 
.-,  certified  check  tor  fifteen  thousand  ($15.- 

ii". lollars,    made   payable  to   ti 

oi    iii.    Board 

This  cheek  is  to  be  conditioned  that,  if 
the  bid  is  accepted,  a  contract  will  be  en- 
tered Into  and  the  performance  of  same 
secured  within  ten  (10)  days  after  notifi- 
cation of  acceptance  of  bid.  Successful 
bidder  will  be  required  to  furnish  B 
bond  In  an  acceptable  surety  company  in 
the  sum  of  fifty  (60<a  )  per  cent  of  the 
contract  price. 

The  right  is  reserved  to  rejeel  any  oi 
all  bids  and  to  waive  any  technical  defects. 
as  the  interests  of  the  district  may  re- 
quire. 

The  Engineres.  or  tln-ir  assistants,  will 
be  at  Glllett.  Arkansas,  from  July  10th 
to  July  16th.  to  Bho\i  prospective  bidders- 
over  the  work. 

JOHN    M    GRACIE,  Chairman, 
Board   of  Commissioners. 
J.  R    QUINN.  Secretary, 

i  Hill  11,       \rl:ii 

VYRES  a   MILLER.  Engineers, 

Mud, ling.    M.-mphis.    Tenn. 


Bids   received    until   July   1st,    1922. 
NOTICE  TO  CONTRACTORS. 
Pontlac.    Mich. 
Until    10   A.    M..    July    1st,   for  one   deck 
girder  four  span  length   250  ft.,   total  con- 
crete. 1.073.6  yards:  total  reinforcing  steel. 
122.890   pounds.      Plans   and    more   detailed 
information    may    be    had    by    writing    to 
Oeorge   F.    Burch,    State   Bridge    Engineer. 
Department    of    Public    Works   and    Build- 
ings.   Division     of    Highways.     Springfield. 
Illinois.    A  certified  check  of  ten   per  cent 
will  be  required  with  all  bids. 


Bids   received   until   July    19.    1922. 
NOTICE  TO  CONTRACTORS. 
New  Orleans.   La. 
Sealed  proposals  will  be  received   by  the 
Sewerage    and    Water   Board    of    New    Or- 
leans,  up   to   12   o'clock   noon.   Wednesday. 
July    19th.    1922.    for    furnishing    one    6,000- 
k.w.   Turbine  and   accessories. 

Specifications  and  blank  forms  of  pro- 
posals may  be  obtained  at  room  303,  No. 
626  Carondelet   Street,   New   Orleans. 

The  right  Is  reserved  to  reject  any  or 
all  bids. 

CEO     C,     KARL    General    Supt 
A.    G.    MOFFAT.   Secretary. 


Proposals  for  4  Diesel  Electric  Seagoing 
Hopper  Dredges — Office.  Chief  of  Engi- 
neers. Room  2802  Munitions  Bldg..  Wash- 
ington, D.  C.  Sealed  proposals  will  be  re- 
ceived here  until  12  o'clock  noon,  August 
2.  1922.  and  then  opened,  for  the  construc- 
tion of  4  Diesel  Electric  Seagoing  Hopper 
Dredges.  Further  Information  on  applica- 
tion. 


CALLS  FOR  BIDS  ON  PAGES  32  AND  34. 


June  28,  1922 
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plates 
shapes 
and  bars 


The  extensive  facilities  of  this  com- 
pany permit  us  to  serve  you  promptly 
and  to  your  best  advantage.  Control 
of  manufacture  from  the  ore  in  the 
ground  to  the  finished  product  insures 
-trict  supervision  all  alonq  the  line. 
"<  arnegie"  stamped  on  steel  is  a 
guarantee  of  faithful  and  exacting 
workmanship. 

Your  inquiries  will  receive 
prompt  attention 

Carnegie  Steel  Company 

General  Offices:     Carnegie   Building.  Pittsburgh.   Pa. 


*      to 


<■] 


&''- 


INLAND 
BOND  BARS 

For 

Reinforcing 
Concrete 

NEW 
BILLET  STOCK 

(All   Grades) 


Sizes  y%  to  1 3^";  lengths 
up  to  85  feet;  weights 
same    »s    Plain    Bar. 


INLAND 

BASIC  OPEN  HEARTH 

STEEL  PRODUCTS 

BILLETS,  BARS,  PLATES,  SHAPES,  SHEETS,  RAILS 

INLAND  STEEL  COMPANY 

38  So.  Dearborn  Street  -  -  Chicago 


Lumber 


As  sole  buying  and  selling  agents  for  the 
Trexler  Lumber  Co.  with  yards  at  Allen- 
town,  Penn.,  Norfolk,  Va.,  and  Carthage, 
N.  C,  and  mills  at  Allen,  S.  C,  with  our 
offices  at  Hattiesburg,  Miss.,  and  Jackson- 
ville, Fla.,  and  representing  several  large 
Middle-Western  Yards,  we  are  in  a  po- 
sition to  supply  any  quantity  of  Red 
Wood,  Red  Cedar,  Port  Orford  Cedar, 
Idaho  White  Pine,  California  White  Pine, 
Western  White  Pine,  California  Sugar 
Pine,  Douglas  Fir,  Western  Hemlock, 
Larch,  Spruce,  Yellow  Pine,  White  Pine, 
Oak  Flooring,  Maple  Flooring,  Hemlock 
and  Millwork  for  either  yard  or  mill 
shipment. 

Our  yards  carry  and  our  mills  manu- 
facture a  complete  line  of  timbers,  plank, 
dimension,  flooring,  ceiling,  partition, 
roofers,  boards,  etc. 


We  ship  by  rail,  lighter,  or  motor 
to  any  point  desired. 

EASTERNER  COMPANY 

J  I     M    C    O    P    P  O   ft   «T« 

30  CHURCH  ST  NtWYOHK.NY 
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becoming 

the  standard 

reference  book 

of    the    entire 

construction  field! 


Hool  and  Johnson's 
Handbook  of  Building  Construction 

Editors-in-Chief 

George  A.   Hool  and    Nathan   C.  Johnson 

Assisted  by   Forty-six   Specialists 

r»«   Volnmea    (ao4   nU   separately)    1474   paces,  6x9, 
flexible,  Dliutmted,  (10.00  per  set. 


hi?     invaU 

i.'.  •■is    conn 

information    that    h 
ess    has     t 

in    use — ti- 


isacs    nothing-  slights 
lo    the    smai. 

ad  construction 

lUbllflhed 

Thousands     of    the 

m    1h   growing   greater 


two   VI 
'   ■ 
fort]    ala  an    expert    In 

particular  branch   of   building   design    and   construe- 


enic-nt   and 

thorough    In    its   t 

reatment  of  every 

the    mom 

•    book     for    every 

chitect,    cor 

structiot. 

■lor,    and 

i    in   building   <l<-sign   and 
■'M    should    have,    and     wants    to    have,    these    two 
To    facilitate   thin,    we   offer 

Our  Convenient  Deferred  Payment  Plan 

will    for- 
unei  in  days'   rr.-.-  examination.    Look 

ictlon — put  them 
l  ither   re- 
Itlal    payment   of  $4.00. 
18.00    la    paid    !»•    making    two    monthly    re- 
making 
"ks. 

Just  Send  the  Coupon 


7^ee6xam/mitumCbupcn 


Mrf.row  -Mill   Ilnok   Company,   Inc. 

3*0  BaftTaBfa    \  >■  >»rk. 

days'  approval  Hool  and  Johnson's  Handbook  of 
Bolldlng  <  ..n.irii.  Hon  (In  2  volumes).  1  agree  to  return  the 
book*  ■  fir  them  within  10  days  of  receipt. 

•wo   months 

Signed  

Addre>E  

Name   of   Company..  

Official    Position  

'  ill    purchasers    In    D.    8.    and 
Oannda 


Increase  the 
Slewing  Speed, 
get  more  work 

out  of  your 
Derrick 

You  can  increase  the  slewing  speed 
of  your  derrick  and  materially  enlarge 
the  day's  output  by  installing  an 
"AMERICAN"  Independent  Slewing 
Engine. 

In  derrick  work,  fast,  accurate  slew- 
ing is  just  as  essential  as  power  and 
speed  in  hoisting,  and  it  won't  take  an 
"AMERICAN"  Independent  Slewing 
Engine  long  to  pay  back  its  cost. 

The  installation  of  an  "AMERI- 
CAN" Independent  Slewing  Engine  at 
once  makes  the  slewing  entirely  inde- 
pendent of  hoisting.  All  motions  are 
controlled  with  the  throttle  lever;  no 
slewing  brake  required.  Engine  is  al- 
ways under  complete  control — starts 
and  stops  smoothly. 

American  Hoist  &  Derrick  Co. 

S.inl  Paul  Minnesota 


Build 
Hoisting  Engines 
Electric  HolBt 
Dorrlcks 
Locomotive  '  'i 


"AMERICAN" 

Railroad  Ditchers 
Logging  Equipment 
Marine  Deck  Machinery  and  Tackle 
h  Sugar  Cane  Machln 

o  '•CROSBY"  Wire  Rope  Clip 


June  2S,  1922. 
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Higher  Quality  —  Lower  Prices 


Chargers 
Water 

I    nil.. 

Hoists 
Pumps 

t       lllll.-H. 


Sizes  3 '..,  6,  lOcu.ft. 


and  up 


Stocks  In  All  Large  Cities  for  Prompt  Delivery 

Any  trial  or  comparison  you  wish  to  make  will  convince 
you  that  the  REPUBLIC  line  represents  the  greatest  mixer 
value  to  be  found.  Lower  price  is  not  effected  by  cheaper 
construction  but  bv  concentrating  on  a  few  sizes;  building 
them  In  large  quantities,  and  by  operating  on  a  very  small 
margin    of   profit. 

The  REPUBLIC  "THREE"  is  a  small  light  mixer  for  the 
small  builder  and  cheap  enough  to  enable  anyone  to  own  it. 
The  REPUBLIC  "SIX"  is  a  medium  size  outfit,  and  the 
REPUBLIC  "TEN"  a  compact  sack  size  machine  for  gen- 
eral work.  These  lasting,  durable  mixers  will  do  your  work 
with  the  least  trouble  and  expense  and  at  minimum  cost 
for  operating  and  moving.  GET  CATALOG  AND  PRICES 
FROM    YOUR    NEAREST    STOCK. 

Republic  Iron  Works 

Box  606 
Tecumseh,  Mich. 


PATTEN   HOISTS 


Be  assured  that  you  not  only  get  a  SERVICE- 
ABLE Hoist  but  that  your  Engine  is  the  Heavy 
Duty  continuous  rated  type  with  a  generous  ex- 
cess over  your  H.  P.  requirements,  a-n-d  that  you 
can  be  assured  of  INSTANTANEOUS  Service  at 
all  times. 

Patten  SERVICEABLE  Hoists  are  equipped  with 
a  22  H.  P.  "Fordson"  continuous  service  heavy  duty 
Engine  in  the  15  H.  P.  Size.  Ford's  8,000  or  more 
dealers  who  carry  a  full  line  of  parts  and  give  serv- 
ice on  the  Fordson  Engine  are  positive  assurance  of 
instantaneous   service. 

Write  today  for  catalogue  and  prices. 

Patten  Manufacturing  Company 

Chattanooga,  Tenn. 


Complete  Line  of  Portable 
Rock  Crushing 
Plants 


You  will  find  the  same  ruggedness  in  'Allis-Chalmers" 
Portable  Crushing  machinery  as  found  in  all  of  their  pro- 
ducts, the  result  of  a  half  century  of  experience.  Let  our 
Engineers  figure  on  your  requirements. 

Write  for  Information 

Allis-Chalmers  Manufacturing  Co. 

Milwaukee,  Wisconsin 


On  Your  Next  Contract 

Figure  on  Using  an 

O.  K.  Hoist 


0.  K.  Hoists 
represent  the 
very  top  notch 
of  efficiency, 
their  superior- 
ity has  been 
thorough \y 
demons  tra  ted 
by  years  of  se- 
vere service. 

Our  line  includ- 
es single,  double 
and  reversible 
hoists  adapted 
for  use  under 
all     condition-. 

Seod  For  our 
booklet. 


O.  K.  Clutch  and  Machinery  Co. 

Columbia,  Pa. 


able  territory  open  for  exclus 
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1  NGINEE  RING    AND    i  I  IN  I  R  \i   11  N ■  i     S 


\  ol.  ^7  ;  N 


For  Use  as  a  Transit 


"Sterling" 
Convertible  Level 


unsighll 
mini  full 
lee  of  o». 


distinct  step  fa 


,  11  . 


UCtlC 


Direct    from   factory  to  you 

rvice  and  nuIuc  and  but  one-  pronl 

VI, He    today    lor    illustrated    folder    1.  wit 

ion    and    details    of    our  Free   Ex 

nidation  Offer  and  Easy  Payment  Plan. 

■ 

WARREN-KNIGHT  CO. 


136  N.  12th  St. 


Pliil.delpfii 


When  a  Reinforcing  Bar  Needs  To  Be  Bent 

It  needs  to  be  bent  then  on  the  spot,  any  angle, 
no  slipping  or  creeping       bent  the  way  wanted. 


Contractors  can't  afford  to  be  without 

The  Waterloo  Bar  Bending  Machine 

It's  ma.l.  guaranteed  to  bend  bare  •»  follows:  N 

cold  reinforcing  ban  indudini  i ' ,  in.  round  01  square;  Prici  Sio.oo.  No.  3 
ban  indudini  1  ti  in.  round  or  iquare;  Pi 
nvenienct  in  handling. 

Shippe-I 

WATERLOO  CONSTRUCTION  CO.,  Waterloo,  Iowa 


Send  for  Circulars  on  the 

WOOD  BROWNIE  DRILL 

A    tripod    drill    made    to    be 
handled  by  one  man.    The  light- 
est  drill    made.    Weighs  only  83 
lbs.  unmounted.    Drills  holes  to 
7  ft.     Get  your  copy  now. 

Wood  Drill  Works 

30-36  DALE  AVENUE 
PATERSON.N.  J. 

Hammer    Drills    and    Piston    Drills 


Kardong  Bar  Benders 


Our  Giant  Bai  Bend 

the  market   that   Inn 


is  the  only  hand  bender  on 
Is  right  and  left,  saving  the 
time  and  labor  of  reversing 
bars. 

The  Kardong  Power  Bar  Bender 

will  bend  reinforcing  bars  up  to  one 
and  one-half  inch  round,  square  ol 
deformed.  A  patented  gauge  Rives 
any  angle  desited  and  distance  be- 
tween bends.  Ir  is  equipped  with  an 
attachment  for  In  nding  ban  for  radius 
work.      8 


Kardong  Brothers,  Minneapolis,  Minn. ,  U.  S.  A. 


[  It  Stands  Up  -  because 

Triangular  ConsUuct..n:  Inevery  WlLI  IAMB  Clamshell, 

the  In -.i.l  hearing  is  held    perfecrly  rigid   by   the  corner 

,.,  J  nan  in 

,tdigtin*,thereiano"wabble"toaWii  i  lAtu. 

Large  One-Piece  Hinge  Bearing,  take!  the  place  of  five 
ll  ,1  on  most  clamshell,.     Keiluces  rhe  moving 
pans  From  '    <  10  out.       A  much  simpler  and  srronger 
constnution,  which  results  in  a  stronger  bucket. 

Gel  the  Wu  i  JAMS  Catalog.    1  r  shows  many  inrcrcsting 
nhotos  of  ever  v  kind  ofcUmshrll  work,  and  blueprints 
,.,..i  Mm. am,  bucket*.    Glad  to 
no  obligation. 
G.  H.  WILLIAMS  CO..  Erie.  Pa.,  U.  S.  A. 


QUICK  ACTING  CLAMSHELLS 

All  PartsCuaranteedAgatnst  Btenkage 


QjjB   Bilge  Pump 

Ok- 


Write 

for 
Folder 


Immediate  Shipment 

C.  H.  &  E.  Manufacturing  Company 

2S4    Mineral   Street  Milwaukee.    Wi 


Standard  Since  1885 

s3\ 


Vitrified  Salt  Glaied 
SEWER  PIPE] 

Kansas  City,  Mo.  I 


war 


Consistent JJnfailingService. 


fune  28,  1922. 
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HERCULES  (Red  Strand)  WIRE  ROPE 

is  dependable,  and  the  qualities  that  give  it  dependability 
also  make  it  safe  and  economical  for  use  on  cranes,  cable- 
ways,  excavators,  derricks,  dredges,  steam  shovels,  and  for 
other  purposes  where  the  work  is  hard.  1  ts  one  red-strand 
is  our  guarantee  that  its  quality  is  constantly  maintained. 

ESTABLISHED   1857 

A.    LESCHEN    &    SONS   ROPE   COMPANY 


York 


ST.  LOUIS,  MO. 

Chicago  Den 


THE  ECONOMY  EXCAVATOR 


prontal 
Low  c< 
"Econo 


its  unusually  wide  operating  range,  easy  portability, 
nan  operation,  the  Economy  Excavator  is  the  most 
machine  for  all  kinds  of  trench  and  ditch  excavation. 
of  wrecking,  transporting  and  erecting  enable  the 
"'  to  show  a  protit  on  small  jobs  where  a  heavier, 
bersome  machine  could  not  even  be  considered, 
complete  catalogue,  which  will  be  sent 
;quest,    gives   full    details.     Write   for  it. 


Oil 


Economy 

Excavator  Co. 


0.  S.  Dependable 

Locomotive  Cranes 

and  Buckets 

General  Construction  Work 

Low  Maintenance 
Cost  and  Efficiency 
distinguish    them. 

Orton  &  Steinbrenner  Co. 

Shops:    Huntington,  Ind. 
Main  Office:    Chicago 


Dobbie  Derricks 

and  Hoists 

Stock  of  Fittings,  Blocks, 
Sheaves,  Winches,  etc.,  car- 
ried by  our  agents — 

G.  S.  Green  Co.,  New  York 

Beckwith  Machinery  Co.,  Pittsburgh, 
Cleveland,    Charleston,  W.  \  a. 

P.  I.  Perkins  Co.,  Boston 

DOBBIE  Foundry  &  Machine  Co. 

Manufacturer! 

Niagara  Falls,  N.  Y. 


Chicago  Bridge 
&  Iron  Works 

Elevated  Steel  Tanks 

Storage  Tanks,  Stacks 

Heavy  Plate  Metal  Work 

Write  for  Catalog  No.  13 
SALES  OFFICES 


2102  Old  Colon;  Bld|. 

3112  Hudaon  Terminal  Bld|. 

Roll;  Bide 

1030   For., In  Bldj. 

1603  Praetorian  Bldg. 

1015  Rijlio  Bldg. 

Wright  &  Callendar  Bldg. 

L.  C..Smith  Bldg. 

1001  Bank  of  Toronto  Bldg. 


Shops   at  Chicago, 


Chicago.  HI. 

New  York,  N.Y.    - 

Charlotte.  N.C.  - 
Atlanta.  Ga.     - 
Dallas.  Trias         • 
San  Fr.nci.co.  C.I. 
Lo.  Angeles.  CI 
Seattle.  Waah. 
Montreal.  Que.     ■ 

I.,  Greenville,  P».,  ind  Bridgeburg,   Ontirio* 


Weller  Material  Handling  Equipment 


Coal  and  Aah  Handling  Eqi. 


.  Drag  Conv, 
■vyors.  Portable  Conveyor*.  Truck  but 
,  Car  Pullen..  Car  Cnloadere,  Screen* 
teller  Made  Sleel  Chain 
merit      Bulletin  1QS-E  Sent  on  Reque. 


Weller  Mfg.  Co.  . 

Chicago 


Use  LACLEDE  BARS 

For  Reinforcing  Concrete 

Manufactured  by 

LACLEDE  STEEL  COMPANY,  St.  Louis,  Mo. 

Works  at  Madison,  III.,  Alton,  111. 


MECCO 

ROLLING 

STEEL 

INTERLOCKING     STEEL 
SLAT    CURTAINS 

Manual.    Chain.    Automatic   > 
Electric  Motor  Operation 

Beit  for  Fire  and  Thelt  Protect 


Ear,, 


afe*  on  Request 


The  Moeschl-Edwards 
Corrugating  Co. 

Cincinnati.  Ohio 


DOORS 
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CAST   IRON    PIPE 

AND    FITTINGS 

American  Cast  Iron  Pipe  Company 

Birmingham.  Al.t. 
SALES   OFFICES   IN   PRINCIPAL   CITIES 


JAMES  B.  CLOW  &  SONS 

General  Office*: 
534-546  S.  Franklin  Street,  Chicago 

Work,: 
Co.hocton.  O.  Chic«,o,  111  Ncwcomer.town,  O. 

Sales  offices  in  all  principal  cities 

Manufacturers  of  Cast  Iron  Pipe  and  Fittings 


DONALDSON  IRON  CO. 

EMAUS,  LEHIGH  CO..  PA. 

MANUFACTURERS  OF 

CAST   IRON    PIPE 

FOR  WATER  AND  GAS 
ALSO  SPECIAL  CASTINGS  AND  FLANGE  WORK 


GLAMORGAN  PIPE  &  FOUNDRY  CO. 

LYNCHBURG, VA. 

GENERAL  FOUNDERS  AND  MACHINISTS 


Ma 


.if... 


of 


Cast  Iron  Pipe 

For  Water  and  Gas,  Flange  Pipe  and  Fittings 
Wr.tcrn  Office:  S43  The  Rookery,  Chicago 


LYNCHBURG  FOUNDRY  COMPANY 

CAST  IRONPIPE 
AND   FITTINGS 

Afoin  Office;  LYNCHBURG,  VA. 
Worki.it  Radford,  Vn.,  Lynchburg.  Va 


U.  S.  PRODUCTS 

CAST  IRON  USICAST 

PIPE  CASTINGS 

United  States  Cast  Iron  Pipe  &  Fdy.  Co. 

General  Offices:  Burlington,  N.  J. 


Warren  Foundry  &  Machine  Company 


Mi 


.ifactu 


IHM    and    Spigot  -Flanged -Flexible    Joint 

CAST    IRON    PIPE    \      Culvert  -Tube.,   Milled  and    Plain   Eld. 

SPECIAL  CASTINGS  |  R^!HSh!K2i; 
Sizes  2"  to  60" 


National  Ca 

st  Iron  Pipe  Co. 

Blrmi 

ncham,  Ala. 

MANUFACTURERS  OF 

Cast  Iron  Water  and  Gas  Pipe 

5a 

People.  Ga.  Building 

Chicago.  III. 
Creat  Southern  Life  Build 
Dalla..  Texa. 

It,  Office. .- 

Commerce  Tru.t   Building 
Kanaa.  City.    Mo. 
ng                                 Rialto  Building 

San  Francisco.  Cal. 

Erie  Tandem  Rollers 

ERIE  MACHINE  SHOPS 

Erie,  Penna. 

Catalogue  on  Request 

Traylor  Compressors 

The  Non-Vibrating  Portable  Compressor  which  com- 
bines large  capacity  with  small  overall  dimensions. 

*  til.    for  detail,  covering   Ihcc 


CEMENT-GUN  CO. 


of  the"  Cement-Curt") 

ALLENTOWN,  PENNA. 


BRONZE 


Castings  -  Ingots  -  Forgings  -  Rods 


We  have  had  a  wide  ex 
making  large  valve  bodi 
and    .tern.,    al.o    Turbir 


AMERICAN  MANGANESE  BRONZE  COMPANY 

Holme. burg.  Philadelphia,  Pa. 


UNKERSfilffPIEE 

NO  PACKING     NO  CALKING      NO   BELL    HOLES— EVERY  JOINT  TIGHT 

THE  CENTRAL  FOUNDRY  COMPANY 
41  E.  »J.I  St..  New  YoiL  Also  Chicago.  Atlanta,   Dallas,  S^n   Fraadaco 


FLORY  HOISTS 

S.  FLORY  MFG.  CO.,  BANGOR,  pa. 

>•>  Libtrlr  St..  No  Toik  Mon.dnotk  Blcxk,  Chic.jo.  III. 

H.uir  Bu.U.nf.  Piltibutfh.  P.. 
Che.    T.  Lehm.n  Birmingham.  Ala. 

Finlay-Mlirelrr.  Inc.  .  Buffalo.  N.  Y. 

K.  B.  Noble  Co  ...  .         Hartfoid.  Conn. 

Faiquhar  Machinery  (  ...       .  Jacksonville.  Fla 


"Marions"  Speed  L'p 
Heavy  Excavating 
Work 

The  Marion  Steam  Shovel  Co 

Marion,  Ohio,  U.S.  A. 


THE  LEE  LINE  WAY 

MAKES  MOTOR  TRUCKS  PAY 

the  LEE  LINE.  Write  for  detail*. 

*  Iff  adv.  in  fir  it  it  jut  each  month. 

LEE  TRAILER  &    BODY    CO. 

2331  So.  La  Sail*  St.  Chicago.  III. 


Browning  "Buckets  that  Bite" 

The  Browning  Company 


I  la 


IALESOFFICES:  NEWYORK.  CHICAGO.  SEATTLt.  PORT 
LAW.  WASHINGTON.  D.  C.  SALT  LAKE  CITY.  LOt 
ANGELES.  SAN  FRANCISCO.  MONTREAL.  BIRMINGHAM 

Reeved  i  ■  lam  Shell     quick!) 

-  iplrn- 


rd)  d< 


.I..I     .1 


*.:>i 


Tunc  2S.  l-L'2. 
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Clyde    Derricks 

Are  built  by  specialized  engin- 
eers and  not  by  £uess  work. 
You  may  depend  upou  every 
part  to  develop  full  efficiency 
under  more  than  the  maximum 
rated  load. 


Clyde  Iron  Works  Sales  Company 

DULUTH,  MINN.,  U.  S.  A. 
Sole  Distributors  for  Clyde  Iron  Works 


Car  Dumpers 

Pile  Drivers 

Railroad  Equipment 

Locomotive  Cranes 

Shipbuilding  Cranes 

Coal  and  Ore  Handling  Machinery 


The  McMyler  Interstate  Co. 

•'CRANE  HEADQUARTERS" 
Cleveland,  Ohio 

Works  at  Bedford,  Ohio  (Cleveland  Suburb) 


KEYSTONE 


The  KEYSTONI-:  is  a  highly  versatile 
traction  steam  shovel  with  all  the  effi- 
ciency  of  specialized  design,  usable  with 
three  different  interchangeable  scoops 

Ditcher  and  Clamshell — for  Road  Grading.  Trenching, 

ig,   Pit  Mining,   Loading,  Unloading  and 

ipped  with  electric  motor  drive  for  use  I  I  buikUnp. 

Saves  first  cost,  moving  coil  and  upkeep, 

and  is  readily  sold  or  rented  for  any  sort 

nion  job.     A  reliable  road  shovel 

lahlr   adaptability   to  other   uses. 

Model  4 


Keystone  2)rf//er(bmpany£eaver¥a]\s#i. 


mmmm®  sHtiw^e 


IT 


POSITIONS  WANTED 


POSITION  WANTED— by  man  36;  with  10 
years  experience  on  floating  dredge  and  3 
years  on  dragline.    F.  B.  Neuhaus,  Milo,  la. 


I    BEST    EXTENSIBLE    TRENCHING    BRACE    MADE 


KALAMAZOO 


-jiiiiMininiMiiiiiiiniiiiiiiiiiiii'iiiiini 


FOR  SALE 

One  Sauerman  Dragline 
Cableway  Excavator  Outfit 

Complete  with  fabricated  steel  mast, 
cables,  1  yard  capacity  bucket,  boiler 
and  hoisting  engine.  All  in  first-class 
condition.  Will  make  an  interesting 
price.  THIS  IS  A  BARGAIN.  Full 
details  promptly  furnished. 

Write  P.  O.  Box  No.  235 
Galion,  Ohio 


Saves  time  distributing  papers 

Automatically  sorts  and  routes  mail, 
memos,  orders,  etc.,  for  all  to  whom 
mail  is  distributed.  It  holds  reference 
papers  out  of  the  way  but  immediately 
at  hand  when  needed.  Very  convenient. 
A  Steel  Sectional  Device 
Add  cm  .partrnents  as  required.  Sections  $1.20 
roth.  Fifteen-compartment  Kleradesk  illustrated 
lielo'.r  only  $19.20.  Indexed  front  and  hnek. 
Write  for  free.  inslruetive,  illustrated  folder, 
•How  to  Get  Greater  Desk  Efficiency." 
Ross-Gould  Co.,  1 45  N.  10— St.  Louis  (2 ) 
New  York         I'luladelpbl*        Chicago        Cleveland 


Buy  and  Sell  Through 
The  Clearing  House 


Clearing  House  Rates 

WANT  ADVERTISEMENTS  In  plain 
leaded  type,  two  cents  a  word.  Mini- 
mum charge,  50c.  Miscellaneous  Wants, 
Business  Opportunities  and  For  Sale  ad- 
vertisements set  In  plain  leaded  type, 
with  heading  in  black  face  type  three 
cents  a  word  with  an  additional  charge 
of  30  cents  a  lino  for  the  black  face  type. 
Wants,  Business  Opportunities,  Employ- 
ment Agencies,  Representatives,  Educa- 
tional, Surveying,'  etc..  displayed,  $1.50 
per   Inch. 

All  orders  amounting  to  less 
than  $5.00  must  be  accompanied 
by  remittance. 


FOR  SALE  ADVERTISEMENTS 

Advertisements  In  display  type  cost  as 

follows:    1  Inch $3.80 

(To  be  used  In  one  or  four  Issues! 

1   to     3   Inches $3.50  an  Inch 

4  to  11  Inches 3.30  an  Inch 

12  to  28  Inches 3.10  an  Inch 

(To  be  used  within  one  year  from 
1st   insertion) 

27   to     44   IncheB $2.90  an  Inch 

45  to     49  Inches 2.50  an  Inch 

100  to  200  Inches 225  an  Inch 

Space    covered    by    contract    will    be    di- 
vided to  suit  requirements  of  advertiser. 
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Alvord,  Burdick  & 
Howson 

John    W.    Alvord.    Charles    B. 

Burdick.    Louie    R.    Rum 

EofflnMn    for 

Water    Work! 

Water    Purification 

Flood    Relief 

Sewerage 

-•  tr»g»    Disposal 

Drainage 

Appralaals 

Hewer    Generation 
v'h'cago  Hartford    Bid* 

Black  &  Veatch 

1  uooultlng  F.nglnrrre 
Sewerage.  Sewage  Dispose! 
Water  Supply  Water  Purl 
flcatlon.  Electric  Lighting 
Power  Plants  Valuation. 
Special  Inveetlgetlona  and 
Reports. 

E.  B.  Black.  N.  T.  Veatcb. 
Jr.  Kansas  City.  Mo.  In 
teretate    Building. 


Blanchard,  Arthur  H. 

M.    Am.    Soc      C.    E..    M.     E. 
lul.   Can.    Consulting 
Hl|hw»T    Engineer 
Inv.  AtlKatlona     Traneporte- 
tlon,         Surveye.  Reporte. 

Specifications.         Estimates. 
I.ltliatlon    Caaea. 
Ana  Arbor.    Michigan. 


Chicago  Paving 
Laboratory 


CViaenltlag  and  Inspecting 
Engineers  —  Pavements  end 
Paving  Materials 
Consultation,  design,  apeclfl- 
catlona,  reporta.  testing  In 
epectlon  and  research 
Ill    N.    Well*    St..    Chicago 


Fargo  Engineering  Co. 

Coaeultlng    Engineers 
Jaokaon.    Mlcblaan 
HTDRO-ELECTRIC        AND 
STEAM     POWER    PLANT8. 
DIFFICULT     DAM      FOUN- 
DATIONS 


Fowler,  Charles  Evan 


at.   Caa 

Engineer 
Bridges.  Foundations. 
Dredgee.  Dredging.  River 
and  Harbor  Improvement. 
New  Tork  City.  II  Cburcb  81. 


Fuller  &   McClintock 

Engineers 
George     W.     Fuller 
iamee     H      McClintock 

K     Gteeey 


K!r 


G      Manahan 


Una 
Wellington     Donaldson 
Kred    r.     Cunningham 
Hsrvey     P      Jonea 
Lawrence    G      lt!c 
IT*    Broa.lw.y.    New    Tork    City 


Summit'    I. • 


Ohio 


Hldg..     Toledo, 
nidi  . 


Hazen,  Whipple  & 
Fuller 

Allan  Hasan.  Q.  C  Whipple. 
W.  K.  Fuller,  C.  M  Everett. 
1.  N.  Babbitt.  H.  Malcolm 
Plrnle. 

Consulting,  Hydrnatle  and 
Sanitary  Engineers 
Water  Supply.  Sewerage. 
Drainage.  Valuatlone.  Su- 
pervision of  Construction 
and  Operation 
New  Tork  City.  10  E.  4lnd  St. 


Hunt.  Robert  W..  &  Co. 

Robert    W     Hunt. 
Jno.  J.  Cone. 
D.    W.    McNaugher. 
Knglneere,    Inspectors, 
Metal  In  relate.    Chemlate. 


0 


Resident  Inspectors  at  Man 
ufacturing   Plants. 
Chemical.   Physical.   Cement 
I.aboratorlea. 
Chicago,   New   Tork. 
Pittsburgh.     San     Francisco. 
Montreal.    London. 


Hall,  B.  M.,  &  Sons 

Clrll,  Mining  and  Hydraulic 

Ed  closers 

Southern  Water  Powera 

Dralnace 

Irrigation 

Atlanta.    Qi  .    Peters    Bids. 


Hubbell.  Clarence  W. 

M.  Am.  Soc.  C.  E. 
Consulting    Engineer 
Sewerage.    Sewage    Dlspaaal 
Water   Supply   and    Munlcl 
pal    Engineering. 
Detroit.    Mich..    1141    Penob- 
•cot    Building. 


Maury,  Dabney  H., 

Consulting    Engineer 
Water  works  Sewerage 

Power  Plants  Appraisals 

Chicago,    III..     U4(    Monad- 
nock   Bids. 


Metcalf  &  Eddy 

Watar    Works.    Seweraae 
Dlapoaal    of   Sewage   and  In 
dustrlal     Wastes        Supervi- 
sion   of    Operatlone.     Valua- 
tions 
Boaton.  Maee  .  14  Beacon  St. 


This  Directory  reaches 
the  officials  with  whom 
rests  the  responsibility 
for  the  bulk  of  the  mu 
nlclpsl.  state,  govern 
ment  and  Industrial  en- 
gineering works  In  the 
United  Statea.  It  of 
fers  you  a  dignified  and 
ethical  means  of  culti- 
vating a  wider  ac- 
quaintance among  pro 
HWOtlva    clients. 

RATE—  II. 26  per  Inch 
per  Issue  or  150.00  per 
year     paid     In     advance. 


Pride  &  Fairley 

Consulting  Engineers 
Specialising  In: 
Drainage,  Flood  Prevention, 
Reporta  and  Investigation. 
Joe  P.  Pride,  formerly  Chief 
Engineer.  St.  Francis  Levee 
District. 

O.  M.  Fairley.  formerly  As- 
sistant Engineer.  Bureau 
of  Drainage  Investigation. 
Department  of  Agriculture. 
W.  H.  Poe,  Hydraulic  Engr. 
Blythevllle.   Ark. 


Potter,  Alexander,  C.E. 

Hydranlle   Englaeer  and 
Sanitary  Expert 
Sewerage  and   Sewage    Dis- 
posal.    Water     Supply     and 
Purification. 
New  York.   60  Church  Street 


Randolph  -  Perkins  Co. 

Engineers-Managers 

Successors  to: 

leham  Randolph  A  Co. 
Edmund  T.  Perkins  Eng'g  Co. 
George   B.    Massey  Co. 


Land    Drainage,    Levees    and 

Pumping  Plants 
Flood   Protection 
Watar    Power    Development 
Water    Supply     and     8ewage 

Disposal 
Excavation    Specialists 
Stripping     Properties     Pros- 
pected. 


Rossiter,  Edgar  A. 

Consulting  Engineer 
Water  Suptly  and  Purifica- 
tion. Municipal  Engineering. 
Farm  Drainage,  Sewerage. 
Room  <06,  117  North  Dearbora 
St..   Chicago 


Smith  &  Co.,  C.  E. 

Consulting    Engineers 
2016-76    Railway    Exchange 
Uldg..    St     Louts 
1I1S   Steger   Hl.lg  .    Chicago. 
104    Live    stock    Exchange, 

Kansas    City. 

Investigations,  Reports, 
Appraisals.  Expert  Testi- 
mony, Bridge  and  Struc- 
tural Work,  Railway  Prob- 
lema.  Electrification,  Grade 
Croaslng  Elimination. 
Foundations,  Highways. 
Docks.  Water  Supply.  River 
and  Flood  Protection. 
Drainage  and  Sanitation, 
Power  Plante.  Naval  Ar- 
chitecture. 


Steinman,  Dr.  D.  B. 

M.   Am.   Soc.   C    E..   Am.    Ry. 

Eng.     A. 
Consulting      and      Dealgnlng 

Engineer 
Bridges  and  other  Struc- 
tures. Engineering  Projects. 
Design.  Supervision,  Investi- 
gations. Reports.  Valua- 
tions. Advisory  Service). 
New    Tork  16  Church  St. 


Stone  &  Webster 

Incorporated 
EXAMINATIONS 
REPORTS  APPRAISALS 

ON 
INDUSTRIAL       *       PUBLIC 

SERVICE    PROPERTIES 
New  Tork      Boston      Chicago 


Waddell,  Dr.  J.  A.  L. 

Consulting  Engineer 
Steel  and  Reinforced  Con- 
crete Structures.  Waddell'a 
Vertical  Lift  Bridge.  Diffi- 
cult Foundations,  Reports, 
Checking  of  Designs,  Ad- 
visory Services,  and  Ap- 
praisals. 
16  Nassau  Street.  New  Tork 


THE  J.  G.  WHITE 
ENGINEERING 
CORPORATION 


Industrial  Planta.  Buildings. 
Steam  Power  Planta.  Water 
Powers,  'las  Planta,  Steam 
and  Electric  Railroads. 
Tranemlaalon    Syatema. 

41  Excbange  Place        New  Tork 


Tune  28,  1922. 
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AUIs-Chalmers    Mfg     Co.   ..  3, 

Am.   Cast   Iron    Pipe  Co 10 

\m.    Hoist  &   Derrli  k.  Co 
American  Mam 

Co 40 

American  Steel  &   W  Ire  Co.  18 
Atlas  Engineering  Co.    .  . 

Austin    Mchy.    Corp 0 

B 

Ball    Engine    Co 31 

Barrett  Co..  The L'.". 

Bates  Valve  Bag  Co 33 

Baj     City   Dredge   Works...  4i; 

Blaw-Knox   Co 13 

Browning   Co 40 

Bufl  &    Buff  Mfg.  Co IG 

Byers  Machine  Co  .  The.  16 


Carey  Co..  Philip.  The 14 

Carnegie  Steel  Co 35 

Cement  Gun   Co..   Inc 40 

Central   Foundry   Co 40 

C.  H.   &   E.  Mfg.   Co 88 

Chicago  Bridge  &  Iron  Wks.  39 

Chicago  Pneumatic  Tool  Co.  --' 

Clow  &  Sons.  James  B 40 

Clyde  Iron  Works  Sales   C.>  n 
Concrete    Engineering   Co... 

Second     '  V.vei 

Construction  Mclry.  Co 6 

Crane    Co 27 

Crescent  Sales  &  Mfg.  Co. .  .  46 


Page. 
D 

Dake  Engine  Co 33 

Dicki      i  i .)■-    Mi       Co     w     S.  38 

Dobb     i  oundrj  8  Mach.  Co:  39 

i  ions  dson    Iron    i  !o 40 

in    I  •■■        :■     Kfei n      S    Co 

In.    .     E.     I 

E 

Economy    Excavator    Co....     39 

Erie    Machine  Shops 40 

Erie   Steam   Shovel  Co 31 

F 

Flory  Mfg.   Co..  S 40 


General  Concrete  Const.  Co.  Ifi 

Glamorgan  Pipe  &  Fdy.  Co.  40 

Great   Southern  Lumber  Co.  LO 

H 

Hadfield-Penfield     Steel    Co. 

33-46 

Hein    Furniture    Co 46 

Ingersoll-Rand    Co 21 

Inland    Steel   Co 35 

Insley    Mfg.     Co 20 

K 

Kardong    Bros 38 

Keystone  Driller  Co 41 

Kinnear  Mfg.  Co..  The 30 

Koehring    Co 12 


Laclede  Steel  Co 89 

Co 40 

i...    Rol    Co. Fronl    >'"\  ■  i 

I.esehen    .V-     Suns,     A.,    Hope 

Lynchburg   Pdy,   Co In 

M 

Mi  Ora-w    Hill    Book    Co 31-36 

McMyler  Interstate  Co 41 

Marion  Steam  Shovel  Co.  10 

Metal    Forms   Corp 15 

Milwauki  e    I  !on  ugal  Ing    I  !o.  ■' 
Moesehl-Edward  i torrugating 

Co 39 


National  Cast    iron  Pipe  Co.     40 
North     Western      Expanded 

Metal  Co 11 


O.  K.   Clutch   &  Machy.   C> 
Orton   &   Steinbrenner  Co. 


Pacific  Lumber  Co.,    The...       8 

Patten    Mfg.    Co 37 

Portland    Cement     Assn 16 

Proposals    32-34 


Rai '"lie.   Maohy.  Co. 

Third    Coyer 

Raymond   Concrete  Pile  Co.  7 

i.   i            iron    Works 37 

Roebling's  Sons  Co..  Jolm  A.  46 

Ryerson,   Jos.   T..    &   Son...  3 

S 

ised    Products    Co....-  46 

Smith  Co..   T.    L.,   The 5 

Spray   Engineering   Co 46 

Sterling    Wheelbarrow   Co...  18 

Sterner,  E.  J.,  Co 35 

Sullivan   Machinery  Co 46 

T 

Thew   Shove]  Co 46 

u 

r    S.  Cas<  Iron  Plpi    *  Fdy. 

Co      40 

W 

Warren  Fdy.  &  Mach.  Co...  40 

Warren-Knight    Co 38 

Waterloo   Construction  Co..  38 

Webster   Mfg.    Co 17 

Weller    Mfg.    Co 39 

Western     Wheeled     Scraper 

Co 46 

Weyerhaeuser  Forest   Prod- 
ucts    Back  Cover 

Williams    Co..    G.    H 38 

Williamsport  Wire  Rope  Co.  19 

Wood    Drill    Works 38 
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Acetyl  ens,    Apparatus,    Lights, 

Carbide,    Eta. 
Air    Cosnpreeeere. 

American    Well    Works. 
Bucyrue   Co..    The. 
earnest    Gun    Co. 
Chicago  Pneumatic  Tool  Oo. 
Domestic     Engine     A     Pomp 

Co. 
Hell   Co.,   The. 
IngereoU-Rand  Co. 
Mundle  Mfr    Co.,  Tba. 
SuUlnn    Machinery    Co. 
a:r   Keaa. 
Chicago  Pneumatic  Tool  Oo. 
Ingoreoll-Rand  Co. 
Air     Reaeatsn,      Aftarcoolara. 
Receivers,    Eta. 
Oblcaco  Pnenmatlc  Tool  Oo. 
Ingersoll-Rand  Co. 
Air    Motor*. 

Chicago  Pnenmatlc  Tool  Co. 
Dake   Bnglae   Co. 
!n persoll -Rand    Co. 
Asbestos   Froduota. 

Servlclsed    Products   Co. 
Asphalt    Paving. 

Asphalt    Association. 
Barrett    Compsnj. 
Barber    Asphalt    Company. 
Kentucky   Rock   Asphalt  Co. 
Standard  Oil  Oo.    t  Indiana  i. 
Asphalt    Machinery. 
Acme   Road   Mach.    Co. 
Austin     Machinery    Corp'a. 
Barber  Asphalt   Co. 
Clark  Trnctractor  Co. 
Connery   &  Co.,    Inc. 
Cummer,    F.    D  .   A   Sona. 
Erie   Machine  Shop. 
Honboret    Co.,     Joa. 
Littleton!  Broa. 
Back    Fillers — Trench. 

Austin     Machinery     Corp'a. 
Erie    Steam    Shovel    Co. 
Domestic   Eng     ft  Pump  Oo. 
Ball  Engine  Co. 
Parsons    Company. 
Pawling      A     Harnlacbfeger 

Oo. 
Waller    Mfg.    Co. 


Ballast   T/nloaders.    Spreaders. 
Osgood    Co.,    The. 
Heltzel    Steel    Form    ft    Iron 
Co. 
Bar   Cutters   and   Benders. 
Kardong    Bros. 
Koehring    Machine    Co. 
Ransome     Concrete      Mach. 

Co. 
Waterloo    Construction    Oo. 
Bars,    Concrete    Reinforcing. 
(See      Steel      Reinforcing 
Concrete.) 
Bins.    Iron  and  Steel   Storage. 
(See      Steel,       Structural 
Work.) 
Blast    Furnaoee. 


Bla 


Kn 


Co. 


Blasting     Supplies. 

(See     Dynamite     and     Pow- 
der.) 
Blocks — Snatch    and    Tackle, 

Dobble    Fdry   ft    Mach.    Co: 

Insley    Mfg.    Co. 

Leschen  A   Sons  Rope  Co 
Blocks,      Building.      Segment, 
Flashing. 

W.  8.  Dickey  Clay  Mfg.  Oo. 
Blocks,    Granite    Paving 

Granite  Paving  Block   Mfra. 
Assn. 
Blowers. 

Ingersoll-Rand    Co- 
Blue    Print    Machines. 

Wlckes    Bros. 
Bine   Print   Filing    Cases. 

Economy  Drawing  Table  Co. 

Warren-Knight    Co. 
Books. 

McGraw-Hill    Book    Co. 

Walker.    F.    R..    Oo. 
Boiler   Breechlngs. 

Honhorst     Jos.,    The.    Oo. 

Uttleford    Bros. 
Brick,      Fire      and      Building 
Blocks. 

W.  S.  Dickey  Clay  Mff.  Co. 
Brink,    Paving. 

Nafl    Paving    Brick     Mfra. 
Aasn. 


Bridges,    Roofs,    Trusses,    Etc. 

Blaw-Knox   Co. 

Chicago      Bridge     A      Iron 
Worka. 

Highway   Iron   Prodncta  Co. 

Pittsburgh-Dee  Moines  Steel 
Co. 

Penn    Bridge  Oo. 

Raymond  Concrete   Pile  Go. 

Strauas    Bascule    Bridge   Co. 
Bronze. 

Am.   Manganese  Bronte  Oo. 
Buckets     Clamshell   A    Orange 
Feel,    Grab. 

Austin     Machinery     Corp  n. 

maw-Knoi    Co. 

Browning  Co.,  The. 

Brown   Hoisting   Mach.    Co. 

Halaa  Mfg.    Co. 

Hayward    Co.,    The. 

Insley   Mfg.   Co. 

McMyler   Interstate  Co. 

Ohio  Locomotive  Crane  Oo. 

Orton   A  Steinbrenner  Co. 

Owen    Bucket    Company. 

Pawling     A     Harulachfeger 
Co. 

T.   L.   Smith  Oo. 

Williams   Co..   G.    B. 
Bucketa.    Concrete. 

Insley    Mfg.    Co. 

Ilansome      Concrete      Mach. 
Co. 

Smith    Co.,   T.    L. 
Bunk — Contractors ' . 

Haggard    A    Marcueeon. 
Bulldinga,    Industrial. 

Blaw-Knox  Co. 

Traacon    Steel    Co. 
Buildings,    Portable    Steel. 

Blaw-Knox    Co. 
Cableways — Wire    Rope. 

Blaw-Knox    Co. 

S.    Flory    Mfg.    Oo. 

Leschen   A  Sons   Rope  Co. 

Udgerwood    Mfg.    Co. 

Roebling's    Sons,    John    A. 

Sanerman  Bros. 
Calcium    Chloride. 

Dow    Chemical    Co. 


Cars— Contractors'     Industrial. 

Austin    Machinery    Corp'n. 

Clark   Trnctractor  Co. 

Insley    Mfg.    Oo. 

Koppel     Industrial     Oar     ft 
Equipment    Co. 

Kllbourne    ft   Jacobs. 

T.    L.    Smith    Co. 

Tread  well   Eng.   Co. 

Weller  Mfg.   Co. 

Western    Wheeled    Scraper. 
Carta   for   Concrete,    Eta. 

Clark    Trnctractor   Oo. 

Insley   Mfg.    Co. 

Smith.   The  T.   L.,   Co. 
Castings,    Iron   and   Steel. 

Central    Foundry    Co. 

Link   Belt  Co. 

Marlon    Steam    Shovel    Oo. 

South    Bend   Foundry. 

Treadweli    Eng.    Worka. 

!.:.     S.    Cast    Iron    Pipe    A 
Foundry   Co. 
Castings    Street   and    Sowar. 

Central    Foundry    Co. 

Connery    A   Co.,    Inc. 

Edwards.    C.    D..    Mfg.    Co. 

0.    S.    Cast     Iron    Pipe    A 
Foundry    Co. 
Catch    Baain    Covara. 

Dobble    Fdry.    ft    Mach.    Co. 

Edwards.    C.    I).,    Mfg.    Co. 

Vulcan    Iron    Worka. 
Cement. 

Portland    Cement    Assn. 
Cement    Guns. 

Cement — Cement     Appliances. 

Cement    Gun    Co. 
Cement     Bag      Cleaners      and 
Balers. 
Wlllsea    Works.    The. 
ilandy    Sack    Baler   Co. 
Centers.    Sewer    Construction. 

Blaw  Knox    Company. 
Chains — Dredge.     Shovel      and 
All    Types    for    Elevating. 
Conveying     and     Power 
Transmission    Purpose*. 
Bucyrus   Company,    The. 
Chain    Belt    Co. 


Chanellers. 

lngereoll  Rand    Oo. 

Sullivan  Machinery  Oo. 
Chimneys. 

Chicago  Bridge  A    Iron  Ce. 

Connery    A   Co..    Inc. 

General  Concrete  Coast.   Oa. 

Chimney    Topa. 

W.  S.  Dickey  Clay  Mfg.  Co. 
Chloride    of    Lima. 

Pennsylvania  Salt  Mfg.   Co. 
Chlorine  and  Ohlorlnatoa-a. 

Electro    Bleaching   Gaa  Co. 

Wallace   A  Tlernan. 
Chatoa     and     Elevatere— Csn- 

Olark    Trnctractor    Co. 

Insley   Mfg.    Co. 

Jaeger   Machine  Co. 

T.    L.   Smith    Co..    Tba. 

Weller    Mfg.    Oo. 
Clamps — Form    (See    Forms). 
Clay    Working    Machinery. 

Qadfleld-PeoOeld    Steel    Ce. 
Clay    Diggers. 

Cnlcago      Pneumatic       Tool 
Oo. 

Ball   Engine   Co. 

Erie  Steam   Shovel   Co. 
Coal    and    Ash    Handling    Ma- 
chinery. 

Austin  Machinery   Corp'n. 

Bill    Engine   Co. 

Barber-Greene  Co. 

Bay    City    Dredge    Worka. 

Brown   Hoisting  Mach.  Co. 

Byers  Machine  Co.,  John  F 

Chain    Belt   Co. 

Clark    Tructractor    Co. 

Rail   Engine   Co. 

Erie   Steam    Shovel    Co. 

Main.    Geo.    «".,    Mfg.    Oo. 

Lldgerwood  Mfg.  Co. 

McMyler     Interstate     Crane 
Co. 

Weller   Mfg.    Co. 

Webster  Mfg.   Co..  The. 
Coal    Tipples. 

Webster   Mfg.   Co..    The. 
WeUer    Mfg.    Co. 


H 
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Lyle   Corr  i'ert   Co. 

"l«ryl*nd   i'.j!     A    Mrtil  Co 


Ceacrot*    Block    _ 

wills**    w„rii.    Tk*. 
Con-rat*    C   :^*: ruction. 

0«n*r*l  Concrete  Ooost.   0*. 
Ctacrau     DUtributi**;      Plasi 

iSe*    ' 
0*ncr*t*    Hardcaor. 

Chemical      Co 
'•■n«r!  n  tyt*"l. 
Oeocret*     Mixer*      i.lee     Mli 

M), 
0*nor*t*     Reinforcing      Mats- 
ruL.       (8n      Steel       Rela- 
ford ag  i . 
Otidtuwi      Law     Laval     Jat, 
Smite*. 

Ingeraoll  Rand    Co. 

McOowan   Co..    John    H. 
Contractor*'      Buildings      (Sao 

Buildings.    IndustrUii. 
Oentrol.    Elaotrlo. 

W*II*r  Mfg    Oo. 
C*ntro!.    WaUr    Velv*. 

Ham*    D**n.    Limited 
Conrayora.     Bolt. 

Arm*    Road    Mace.    Co. 

B*rber-Greene  Oo. 

M.thew*     Gravity     Carrier 
Oo. 

Russell    Grader    Mfg.    Co. 

Webater    Mfg.    Co 
Ocnraror*.    Portable. 

Arm*    Road    Macb.    Co. 

Barber  Greene    Co 

''bain   Bolt  Co. 

Conner?  A   Oo..    Inc. 

Balaa.    Geo.    r\.    Mfg.    Co 

Matbew*      Gratify      Carrier 
Oo. 

Ras**ll  Grader  Mfg     Oo. 

Smith    Engr.     Work* 

Waller    Mfg.    Co. 
Oarnice*     and    Skylights. 

Milwaukee    Corrugating    Co 
Cupling*.    Air   Hoao. 

(Jilraro  Pneumatic  Tool  Co. 

IngeraoURand    Oo. 
Crana* — Locomotive 

American    Holat    A    Derrick 
Co. 

Anatln    Machinery    Corp'n 

Browning  Co..   The. 

Brown  Hoisting  Mach.  Oo 

Byera.   J.    p..  Machine  Co. 

Ball    Engine    Co. 

Brie   8team    Shorel    Co 

Industrial    Worka. 

MeMrler    Interstate   Co 

Northwest  Engineering  Oo. 
Orion  A  Stelobrenner  Co 
Pawling     A      Harnlachfeger 

Penn    Bridge   Co. 

Tbew  Shorel  Co. 
Cranea— Anto. 

Byera.   The    John     P..     Ma- 
chine Co. 

Penn   Bridge  Oo. 
Crane*— Motor. 

Bay   Olty   Dredre    Worka. 
Bridge   Co. 
Cranea — Traveling. 

Bncrrna    Co. 

Brown    HoUttng    Macb.    C*. 

MrHyler  Interstate  Co 

Pawling     A     Harnlacbfeier 

Penn    Bridge   Co 
>eo«oted  Blncki.  Piling    Tlee. 
Barber    Aaphalt    Paring   Co. 
B.  Tatt    Company.    The. 
Republic   Creoeotlng   Co. 
Oruahere  and  Pulveruer*. 
Acme  Road  Mach.  Co. 
AilU-Chalmer*    Mfg.    Co. 
Anatln    Mfr.    Oo. 
OmentGun    Co. 
Good  Roada  Mach.  Co..  lac 
Link    Belt    Oo. 
Orton  A  Stelnbreoner  0». 
Smith    A    Bona    Mfg.    Oo. 
Smith    Engineering    Worka. 
Universal    Cruaher   Oo 
r'nlrereal  Road  Macb.  O*. 
Webater    Mfc    Oo.,    Tha 
WeUar   Mf*.    Co. 
William*'      Patent     Crnahar 

A    PnlTertaer  Co. 
Culrart   Forma  and   Mold*. 
Blaw  Knox    Oo. 
Highway  Culr.rt  Porta  Oo 
HeltMl    Steel    form   A    Iroa 

Oo. 
Fonte  Coocrete   Macb.   Oo. 
Oulvert*. 

American    Rolling   Mill   Oo. 
American      Sheet       A       Tin 

Plata    Co. 
Armco       Iron      Culvert       A 

Plnm*   Mfra. 
Bark    Rlrer    Bridge   A   Cole. 

Co. 
California    Corr.    Col»     Oo. 
Canto*)    Culrert    A    Silo    Oa. 
Dllle    Colrert    A    Metal    Co 
Dtrkey.     W      S..    Olay    Mrg. 

Oa 
Bdwarda,    C.    D.    Mff.    On. 
Mardeety    Mfg 
Highway    Iron    Product*  Oo 
niinol*     Corrugated      Metal 

Oo. 
lndepeodesca  Culvert    Oa. 
Kentucky   Culvert    Mff     Co. 
Kl*o*r   Mfc.   Oo. 


-.  ... 

"rffg.   Oo. 


c< 


.-vada    Metal    Vf,     , 

New    Eng      Mctml    Culv.    Co. 

Newport   Cnlrart  Oo. 

Ohio   Corr     i       vert    Co. 

Penna.    Metal    Culvert    Co. 

Road   Su;  A    Metal   Co. 

Rnaaell    Oradoi     Mfr.     Co. 

Sloni    Pa    -    Metal   Co. 

Sp-kane    i  A    Tank    Oo. 

Tenn.    Men     •     lrert   Oo. 

Ctab    Crr   rated    Cnlrert    A 
Flume 

0.     8.     Caat      Iron     Pip*     A 
Fonndn    Cc 

Virginia    Met.;    Corp. 

w**t»rn   Metal    Mfr.    Oo. 

Wyatt  Metal   A  Boiler  Wka 
Cerb    Bote.    ,  See    Meter*). 
Curb  and   Outer  Forma. 

Blaw  Knoi    Cc 

Godwin      \v      s       io 
Curb    Guardi     steel. 

Godwin.     W.    8..    Co 

Heltxel    8trel    I'  tin    A    Iroa 
Oo. 

Truacon   8tc*l    Co 
Derrick  and    Derrick   Flttlnga. 

American    Holat    A    Derrick 
Oo. 

Byera.    The    John     T  .     Ma 

ChlCr 

Clyd*    Iron     Work.. 
Dak*    Engln*    Co. 
Pittsburgh    -    Dea       Moln** 

Bridge  A    Iron   Co. 
Dobble    Fdrr.    A    Mach.    Oo 
HarwatM   c, 
lnal*y   Mfg.   Co. 
Lldgerwood    Mfg.    Co 
McMrl.r    Interstate  Co. 
Penn    Bridge   Co. 
Ditching    Machinery. 

American     HM«t    A    Derrick 

Co 
A.i.tln    Machinery    Corp'n. 
Ball     Engine    Co. 
Bay  ritv    Dredge  Worka. 
Browning   Co..    The. 
Bnckere     Traction     Ditcher 

Co. 
Bocrnte    Company.    The 
Byera    J.    p.,    Machlna  Co. 
Kerxtone    Driller    Co 
McMylcr   tnteratate  Co. 
Monlghen    Machine    Co 
Myera  Whaley    Oo. 
Paraona  Co..  Th*.- 
Pawllng     A      Harnlachf*g*r 
Thew    8hor*l    Co. 
Doora.    HoDing   Stool. 

Moeachl  Edwarda    Co. 
Drafting     Room     Eo.nlpmant, 

(See  also   Englneera1   Bnp- 

Pom). 
Economr       Drawing      Table 

Co. 
H*ln    Ptirnttor*   Co. 
Klnnear  Mfg.  Co. 
Koleerh    A    Co. 
Warren-Knight    Co. 
Dragline  Scraper*.   Eicarator. 

and  Bucket*. 
Anatln    Machinery    Corp'n. 
Ball    Engln*   Co. 
B«ach    Mfg.    Co. 
Brown    Holatlng    Machinery 

Bocyrna  Co. 

pobbl*  FMry.  A  Macb.   Co. 

Lldgerwood    Mfg.    Co. 

Monlghan     M*chln*    Co 

Oagood    Co..    The. 

Pawling     A     Harnlachfeger 

Sauerman     Broa. 
Dradgea     and     Dredging     Ma- 
chinery. 

Anatln    Machinery    Corp'n. 

Ball    Engine    Co. 

Bay   City    Dredge    Worka. 

Bocyru*   Co..    The 

Erie   Steam    Shore!    Co 

LJdgerwood     Mfg.     Co 

Oagood   Co..    The. 

Th»w   Sborei    Co. 
Drill*— Cor*. 

American  Well  Work*.  Th« 

Chicago  Pneumatic  Tool  Co. 

IngeraolMUno     On 

S')lllr*n    Machinery    Co 
Drill*.  Portable.  Air  and  Elao- 
trlo. 

Chicago  Pneumatic  Tool  Co. 

Ingeraoll  Rand    Co 
Drtlla,    Book. 

Chicago       l"neumatlc       Tool 
Oo. 

Domestic   Eng.   A   Pump  Co. 

lng*r*oll-Rand    Co. 

K«y«on.    Drill*r    Co 

Holllran    M*rl,ln.rr    Co 

Wood    Drill    \l 
Drill    St**!    Sharpener*. 

Ir.geraoll   Rai    ' 

Solllran    Machinery    Co 
Drilla.    Submarine. 

Ingenull  Bau 
Dump  Car*   cSee  caraj. 
Damp      Bodle*       (Sm 

Trock    I  . 

Damp  Wagon*. 

Acm*    Ro*d    Ma 

We.tern     Road     Ma 
cMn»t 

Clark  Troctractor  Co. 


Eagle    Wagon    Worka.    The. 

Ku*aell  Grader  Mfg.    Co. 

Smith    A    Bona   Mfg.    Co. 

Stroud    A   Co. 

TUnn    Wagon    Co. 

Troy  Wagon  Wk*.  Co. 

W**t*m     Wh*eled     Scraper 
Co 
Dual    Prerantlre. 

Barher   Aapbalt    Paring    Co. 

Barratt    Co..    The. 

Dow  Chemical  Co. 

Standard  Oil  Co.   (Indiana). 
Dynamite    and    Powder. 

do  Pont  de  Nemour*  A  Co.. 
E.     I. 

Hercnle*   Powder  Co. 
Dynamlt*      Magazine*.      Port- 
able   Powder. 

Uttleford    Broe. 
Educational    Berrice. 

Alexander     Hamilton     In.tl 
tnt*. 
Elector*     (See    Sewage     Elec- 
toral 
Eleotnc    Equipment    (See    Mo- 
tor*). 

By*r*  Machine  Co..  Jobn  P. 

Chain    Belt   Co. 

C.    H.    A    E.    Mfg.    Co. 

Inaley    Manufacturing   Co. 

Smith   Co..    T.    L. 

Web»ter  Mfg.   Co..  The. 

Well*r  Mfg.  Co 
Elevator*.    Buoket. 

Barber-Greene   Co. 

Hala*  Mfg.  Co..   Geo. 

Link-Belt   Co. 

Ohio  Locomotlre  Crane  Oo. 

W'.-t.ster   Manufacturing    Oo. 
Elevator*.      Contractors'      Ma- 
terial. 

Byera  Macb.   Co. 

Halm  Mfg.   Co.,   Geo. 

Insley  Manufacturing  Co. 

Ransom*    Con.    Mcby.    Oo. 
Engineer*'   Supplies. 

Reckman.  L.,  Co. 

Buff   A    Huff   Mfg.    Co. 

Economy  Drawing  Table  Co. 

Heln   Furniture  Co. 

Lufkln  Rule  Co. 

Warren-Knlgbt  Co 
Engine — Gaa.   Oaaoline.    Oil. 

Arery   Co. 

Bearer  Mfg.  Co. 

Chicago  Pneumatic  Tool  Co. 

CUmai    Engineering    Co. 

Oushman  Motor  Wks. 

Domestic  Bug.  A  Pump  Co. 

Kalrbanka   Morse   A   Co. 

Fate-Root  Heatb    Co. 

Fuller  A  Johnson   Mfg.   Co 

Ingeraoll-Rand  Co. 

Lerol  Company. 

Milwaukee  Locomotive  Mfg. 
Oo. 

New-Way    Engine   Co. 

T.  L.  Smith  Co..  The. 

Whitcomb,  Geo.   D..   Co 

Wisconsin  Motor  Mfg.  Co. 
Engine* — Steam. 

Chicago  Pneomatlc  Tool  Co. 

Dake    Engine    Co. 

Darenport  LocomotiT*  Wka. 

Ingereoll-Band  Co. 
Excavator* — Cableway. 

Blaw- Knox  Co. 

Bull    Engine    Co. 

Brie    St. am   Shovel   Oo. 

Flory.    S..    Mfg.    Co. 

LIdgerwood   Mfg.   Oo. 

Sauerman    Bros. 
Excavators — Dragline. 

Austin   Machinery   Corp'n. 

Ball    Engine  Co. 

Brown   Holatlng  Macb.   Co. 

Bucyrus    Company,    The. 

Bull    Engine    Co. 

Erie  Steam  Shore!   Co. 

LIdgerwood    Mfg.    Co. 

Monlghan  Machine  Co. 

McMyler   Interstate   Co. 

Ohio  Locomotlre  Cran*  Oo. 

Osgood  Co. 

Pawling     A      Harnlachfeger 
Co. 

T.    L.    8mlth    Co..    The. 
Excaratora    —    Trench       (See 

Ditching     Machinery). 
Exploalre*       (See       Dynamlt* 

and  Powder). 
Filing  Oaaea — Office. 

Economy  Drawing  Tab!*  Co. 

Heln   Furniture  Co. 
Filters.    Feed   Water. 

Simplex  V«lre  A  Meter  Co. 
Fire  Doors.    Eto. 

Klnne*r   Mfg.    Co. 

ir.ls      Corrugat- 
ing   Co. 

Milwaukee    Corrugating    0*. 
Furuac**.    OU. 

Ingeraoll  Rind  Co. 
Forging*,     Railway     and      In- 
dustrial. 

Lac!*d*  Steel  Co. 
Forma — Concrete  and   Cement. 

Blaw  Knox    Oo. 

("onnery    A   Co..    Inc. 

Heltxel    Steel    Form    A    Iron 


Gaa    Booster*. 

Ingeraoll  Kami    I 
Oatea — 81ulo*. 

Bourbon     Copp*r     A      Braai 
Works. 

Armco    Iron    Culvert    Aaan. 
Gates.    Water 


a 


Co. 


Oa 


Form  rrad  era. 

<'«rr     r.     G. 
Foundation*. 

Raymond   Concrete    Pll*  Co. 
Forgo*. 

Ingeraoll  R«nd   Co 
Oarage*     for     Tractor*.     Steal 
Portable. 

Flaw-ht     . 


Gauges    (See   Parln,;    Cnuge*). 
Gears.    Swinging. 

Make    Engine   Co. 
Generators,    Electric. 

Allls  Chalmers    i 

Fairbanks   Morse  A   Co. 
Gradera.    Earth,   Elrratlng. 

Acme   Road    Ms 

Adams,   J.    D..    A   Co. 

Auatln    Mfg.    Co 

Auatln  Weattra   lload   Mach 
Co. 

Baker   Mfg.   Co 

Ball    Engine    C 

Edwarda,   c.   D..    Mfg.   Oo. 

Erie   Sleam    Shovel    Co. 

Hug  Lumber  A   Conat.  Co. 

Koebrtng   Machine  Co. 

Kunell  Orad*r  Mfg.  Co. 

Smith    A    Sons    Mfg.    Co. 

Stroud    A    Co. 

T.    L.   Smith   C'>..  The. 

Western     Wheeled     Semper 
Co. 
Hammer*,    Pneumatic 

Chicago  Pneumatic  Tool  Co. 

Ingersoll-Rand    Co 

SuUlran   Mach.   Co. 
Holat*.    Contractor*'    Electric. 

AJlls  Chalmers    Mfg.    Co. 

Amer.   Hoist  A   Derrick  Co. 

Bay   City   Dredge    Work*. 

Brer*   Mach.   Oo. 

Dake   Engine   Co. 

Dobble    Foundry     A     Macb. 
Co. 


LIdgerwood    Mfg.    Co. 

Monlghan  Machine  Co. 

Mundy    Hoisting     Eng.    Co., 
J.    8. 

National  Hoisting  Eng.  Co. 

Patten   Mfg.    Co. 

O.   K.  Clutch  A   Mach.  Co. 

Ransome    Concrete     MachT. 
Co. 
Holata,      Contractor*'      Steam 
and  Gasoline. 

Allls-Cbalmer*   Mfg.    Co. 

Am.  Cement  Mach.   Co. 

Amer.   Hoist  A  Derrick  Oo. 

Byera  Mach.   Co. 

Clyde  Iron  Wks. 

Dobble  Fdry.    A   Mach.    Co. 

Flory     Manufacturing     Co., 
S. 

Ingersoll-Rand    Co. 

Insley   Mfg.   Co. 

LIdgerwood    Mfg.    Co. 
Mundle    M'e.    ('....    The. 

0.    K.   Clutch   A   Macb.   Co. 

Penn   Bridge  Oo. 

Treadwell    Eng.    Wk*. 
Hoists,    Pneumatic,    Portable. 

Chicago       Pnenmtalc       Tool 
Co. 

IngeraoU-Rand    Co. 

SuUlran   Machinery   Co. 
Hoists,   Motor   Truck. 

American   Truck    Body   Co. 

Auto  Truck  Service  Oo. 

Columbian  Steel  Tank   Co. 

Hell  Co..  The 

White  Co..   The. 
Hose,    Air. 

Chicago  Pnenmstlc  Tool  Co. 

Ingeraoll-Rand   Co. 
Hydrants. 

Clark,   H.   W.,   Co. 

Crane  Oo. 

Rensselaer  Valve  Co. 

Wood,   R.   D..    A  Oo. 
Insulated  Wires   A    Cable*. 

Roebllng'*  Sons.   Jobn   A. 
Hopper*,    Coal    and    Aah. 

Connery   A   Co  .    Inc. 

Weller   Mfg.    Co. 
Incinerator*. 

Stacy    Batea   Co. 
Joint    Filler— Paving. 

Barber  Asphalt   Paring  Co. 

Barrett  Company,  The. 

Standard  Oil   Co.    (Indiana). 
Joint* — Expansion    Paving. 

Barber   Asphalt    Paving   Co. 

Barrett    Company.    Th*. 

Carey    Co..    Philip.    The. 

Servlclsed   Product*  Co. 

Trus-Coa  Steel   Co. 
Kettle*.      Tar      and       Asphalt 
Heating  (See  Aaphalt  Ma- 
chinery!. 
Lighting,    Electric. 

Bueyrue   Co.    The. 
Hopper*.    Concrete. 


Wallar  v 

Wsbatai    ' 
Lights,    Contractor*. 

C.rtle    Mfg.    Co 
Locomotlre*.    Gas    and    8t*axn. 

Austin     Machinery     Corps. 

Acme    Roe.'    Mach     Oo. 

Darenport   I>-c., motlv*  Wk*. 

Ports*   «'o      II.    K. 

Pate-Root  Meath    Co. 

HadOeld  p.  nfleld    Steel    Co. 


Milwaukee   Locomotor*  Mfg. 

Oo. 
southern  Iron  A  Equip.  O*. 
Whitcomb.    Goo.     B..     Oo. 

Loader*.     Power. 

Austin     Machinery     Oorp's. 
Atlaa   Engineering  Co. 
Acme   Road  Macb.   Oo. 
Barber  Greene  Oo. 
Bay    City    Dredge    Work*. 
Hal**.    Geo..    Mfg.    Oo. 
Heltxel   Steel    Form   A    Ir.  ■ 

Co. 
Link    Belt   Oo. 
Leaders.   Skip  or  Bin. 

Heltxel    Steel    Form    A    Iroa 

Co. 
Weller    Mfg.    Co, 
Lumber. 
Great  Southern    Lumber  Co. 
Pacific   Lumber  Co.,   The. 
Southern      Cypress      Mans- 

facturera'  Aaan. 
Sterner.   E.   J.,  Co.,    Inc. 
Weyerhaeuser    Forest    Proa 

ucts  Co. 


Manhole    Cover*. 
Clark.    H.    W..   Co. 
Dobble    Fdry.    A    M 
South    Bend    Foundr. 


•h.    Co 


Caat    Iron     Pip*     A 
Fdry.    Co. 
Meters   and   Meter   Boxes. 

Badger  Meter  Mfg.   Co. 

Buff»l..    Mete- 
Clark   Co..    H.    W. 

W.  8.  Dicker  Clay  Mfg.  C*. 

Ford    U 

Gamon    Meter   Co. 

Hereey  Mfg.   Co. 

Neptune   Meter  Co. 

Pittsburgh    Meter    Co. 

Thomson     Meter    Co. 

Dnlon  Water  Meter  Co 

Worthlngton  Pump  A  Macb. 
Co. 
Meters,    Oa*   and    Oil. 

Pittsburgh    Meter  Co. 
Mixer*  —  C*m*nt     and     Oon- 
orete. 

Acme   Road    Mach.    Co. 

American  Cement  Mach.  Oo. 

Archer   Iron    Works. 

Atlaa  Engineering  Co. 

Austin   Machinery   Corp'n. 

Chain    Belt  Co. 

Domestic  Eng.  A  Pump  Co. 

Edwards,  0.    D  .    Mfg.   Co. 

Foote  Co.,  The.  Inc. 

Jaeger  Machine   Co. 

Koebrtng  Machine  Oo. 

Ransome      Concrete      Macb. 
Co. 

Republic   Iron    Works. 

T.    L.    Smith    Co.,    The. 

Truckmlxer   Co..    The. 
Mixers     Mortar. 

Austin    Machinery    Co. 

Ransome     Concrete     Macb. 
Co. 
Molda   (See   Forms). 
Motors,    Electric   and    Gas. 

Arery    Company. 

Blavr.Knox    Co. 

Cushmnn    Motor    Wks. 

Domestic  Eng.  A  Pump  0*. 

Fairbanks  Morse  A  Co. 

Le   Rol  Compsay. 

Waukesha    Motor    Oo. 

Wisconsin    Motor*   Co. 
Motor   Truoks. 

Acme   Motor  Truck   Co. 

Autocar   Company. 

Avery    Company. 

Eugol    Motor   Truck    Oo. 

General    Motor  Truck   Co. 

Kissel  Motor  Car  Co. 

Pterce-Arrow  Motor  Oar  Co. 

Packard  Motor  Car  Co. 

Republic  Motor  Truck  Co 

Tiffin   Wagon  Co. 
Motor  Truck    Bodies. 

American       Production       A 
Trading   Co. 

Anthony  Co..   Inc. 

Automatic    Dump    Car   Co. 

Auto   Truck    Service    Co. 

Colombian  Steel  Tank   Co. 

Eagle   Wagon   Work*.    Th*. 

H*ddon    Mfg.    Co. 

n*ll  Co..  The. 

Kllbourne     A     Jacob*     Mfg. 
Co. 

Lee   Loader  Co 

Mandt   Body   Co 

National  Steel  Products  Oo. 

Wood    Hydraulic     Hoist     A 
Body    Co. 
Motor  Triiok   Tire*. 

Kelly-Sprtngdeld   Tire   Oo. 
Municipal    Casting*. 

South    Benrl    Foundry  Oo. 
Offlo*    Furniture     ■  See     Draft- 
ing    Room     lurnlture". 
Oil*— Road. 

Barber  Aaphalt   Paring  Co. 
Oiler*,    Boad. 

K  loner     M  fa      Co. 

tlntrersal     Bd      Mach.     Co 

Ar*ry   Co. 

Coonerr     A     Co..     Inc. 
Etayrr.    E     I1  .    A    Oo. 

Austin  Weatern   Road  Macb. 
Co. 
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Paint    Sunt. 

Spray    Bagloeeiing    Co. 
Faring    Blocks.    Graalt* 

Granite  Paring  Block   Mfr*. 
Aus. 

Paints,   MetsJ   Proteetirs. 

Barrett  Co..   The. 

Carer  Co..    Philip. 

Eagle-Plcher  Lead   Co. 
Paints    aa*     Wood     Preeerra- 
Una 

Barber   Aaphilt   Paring  Co. 

Barrett    Company,    The. 

Carer  Co..   Philip. 

Servlclsed  Prodneta  Oo. 

Tnemee  Paint  a  Oil  Ot. 

Truscon    Laboratories. 
Parlor    Guards. 

Blaw-Knox    Ce. 

Godwin,    w.   »..    Oo 

International   Steel  Tie  Co. 

Truscon    Steel    Co. 
Paris*     Joints      (See     Jolnta, 

Paring). 
Faring    Gauges 

Roughen   Paring   Gauge  Co, 
Pile   Drivers   and   Jets. 

Browning   Co..    The. 

Udgerwood    Mfg.    To. 

McMrler  Interstate  Co. 

Vulcan  Iron  Works. 
Ptllnr — Concrete. 

Raymond  Concrete  Pile  Co. 
PUlag    Stool. 

Carnegie    Steel    Co. 

East    Jersey    Pipe    Oo. 
Plpo   Coverin*. 

Servlclsed  Prodncu  Co. 
Plpo  and  Fittings— Caat  Iron. 

Am.  Cast  Iron  Pipe  Co. 

Central  Foundry  Co. 

Donaldson   Iron   Oo. 

Glamorgan     Pipe     &     Fdry. 
Co. 

James  B    Clow  A  Sons. 

Lynchburg  Foundry  Oo. 

National     Cast     Iron     Plpo 
Co. 

H.    Mueller    Mfg.    Co. 

TJ.     S.     Cast     Iron    Pipe    A 
Ftlry.     Oo. 

Warren   Fonndry     &     Mach. 
Co. 

Wood.     R.    D.,    &    Co. 
Plpo  Joint   Compounds. 

Leadlte  Co.,   The. 


Independent    Concrete    Pipe 

Co. 
Lock  Joint  Pipe  Co. 
Michigan   Plue   Oo. 
Plpo,    Sower—  Vitrified. 
"      Dickey     Clay 
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■nseroon  Pump  A   Valra  Oo. 

Ooulda    Mfg.    Co. 

Ingersoll-Rand  Oo. 

Keystone   Driller  Co. 

Morris   Machine    Wks. 

McQowsa   Co  .    John    H. 

Pulaometer  steam  Pomp  Co. 

Parker.    A.    A. 

Smith  Co..   T.    L. 

WortMogton  Pump  A  Mach. 
Oorp'n. 
Pumps,  Deep  Well. 

American   Well    Works. 

Cook.    A.    D. 

C.  H.  A  E.   Mfg.   Oo. 

Domestic  Em:    A  Pump  Co. 

Economy     Pumping     Mach. 
Co. 

Fairbanks-Morse  Co.  of  Chi- 
cago. 

Goulds   Mfg.    Co. 

Ingersoll-Rand  Co. 

Keystone    Driller   Co. 

Layne  &  Bowler. 

McGowan  Co..   John    H. 

Worthlngton  Pump  A  Mach. 
Corp'n. 

Barnes    Mfg.    Co. 

C.   H.   A  B.   Mfg.  Co. 

Construction  Maeh'y  Co. 

"■■•up  Oo. 


i  A  Mach. 


Domestic  Enc 

Could!    Mfg. 

Smith  Co.,  T. 

Worthlngton  1 
Oorp'n. 
Pumps,   Diaphragm. 
Pumps,  Electric. 

Ingersoll-Rand  Co. 

McGowan  Co..   John   BL 
Pumps,    Power. 

Ingersoll-Rand   Co. 

McGowan   Co.,   John   H. 
Pumps,  Steam. 

Iugersoll'Rand    Oo. 

McGowan   Co..    John    H. 
Pnmpa,  Triplex. 

0.    H.    &    B.    Mfg.    Oo. 
Rails,   Steel. 

Carnegie   Steel   Co. 

Sweet's  Steel  Co. 
Rails,    Portable. 

Carnegie  Steel  Oo. 

Sweet's   Steel   Co 
Ready-Built    Houses. 

Blaw-Knox    Co. 
Reinforcing  Steel  (S 
Road    Finishers. 

Austin    Mach.    Corp'n. 

Heltzel  Steel   Fnrm    &  Iron 


Steel). 


Sand    and    Grarel    Plants. 
Link    Bait   0*. 
Russell    Under    Mfg.    Oo. 
Smith    Engineering    Works 
Sand    Rammers. 

Chicago  Pneumatic  Tool  Co. 
Cash    Steal. 
Carnegie  Steal  Oo. 
Trnscon  Steal  Co. 
Saw    Rues.    Portable. 

C.    11     A   B.   Mfg.   Co. 
Scanners 
Acme  Road  Mach.  Co. 
Adams,  J.   D  .   A  Co. 
Austin  Western     Rosd     Ma. 

cblnery  Oo. 
Arery   Company. 
Botfalo     Springfield      Roller 

Co. 
Edwards,  0.   I"..  Mfg.  Co. 
Good  Roads  Mach.  Co.,  Inc. 
Hussell    Grader    Mfg.    Oo. 
Smith    A   Sons   Mfg.    Oo. 
Bhaw-Hnochs  Tractor  Co. 
Stockland   Road    Mach.   Co. 
T.   L.   Smith  Co.,   Tho 
Western    Wheeled     Scraper 
Co. 
Scrapers — Drag   and    Whselod. 
Adams,   J.    I)..    A   Co. 
Austin-Western    Road     Ma- 
chinery   Co. 
Baker   Mig.    Oo. 
Edwarda,  0.  D.,  Mfg.  Co. 
Good  Roads  Mach.  Co.,  Inc. 
Green.   L.    P. 
Kllbourne     A     Jacobs     Mfg. 

Co. 
Pawling     A     Harnlschfeger 

Co. 
Smith   A   Sons   Mfg.    Oo. 
Shaw-Enochs  Tractor  Co. 
sauerman    Bros. 
T.    L.    Smith    Co..    The. 
WeBtern     Wheeled     Scraper 
Oo. 
Screens,  Sand,  Grarel.  Eto. 
Acme  Road  Mach.   Co. 
Austin   Mfg.   Co. 
Beach    Mfg.    Co. 
Good  Roads  Mach.  Co.,  Inc. 
Link    Beit   Oo. 
Smith    Engineering    Works. 
Stockland    Road    Mach.    Co. 

Weller    Mfg.    Co. 
Sewage  Ejeotors.  „„„h 

Economy      Pumping      Mach. 


Trnacon  Steal  Oo. 

Waterloo    Construction    Co. 

Steel    —    Btrnotural       Work, 

PlaUs    and   Shoots.    Eto. 

American      Shoot      *      Tto 
Plato  Co. 

Blsw-Knox    Co. 

Bncyrus  Company. 

Carnegie  Steel  Oo. 

Chicago  Brldg.  A  Iron  Wks. 

Conner/  A  Co.,  Inc. 

Honborst   Co.,    Jos. 

Inland  Steel  Co. 

Klauer   Mfg.    Co. 

Laclede  Steel  Co. 

Memphis    Steel    Const.    Oo. 

National  Steel  Prodneta  Co. 

Pittsburgh    -    Des       Molnee 
Steel  Co. 

Ryerson,   Jos.   T.,    A   Son. 
Steel   Sash. 

Truscon  Steel  Co. 
Steel    Smokestacks. 


Truokmlxers. 

Truckmlxer  Co.,  The. 
Tunnel    Lining. 


Ulnv 


Oo 


Co. 


Bla 

Hell  Co.,  Tbe 
Bonhorst 


The,   Oo. 


Inaley    Mfg.    — 
Trnscon  Steel   Oo. 
Turbines. 

Allts-Chalniers    Mfg.    Co. 

DeLeral  Steam  Turblao  Co. 

Universal    Road    Mach.    Oo. 
Turntables. 

Champion    Engineering    Co. 

Chicago     Bridge      a      lroa 
Works. 

Hug  Lumber  A  Const.  Oo. 

Inaley    Mfg.    Co. 

Pittsburgh    -    Des       Molaea 
Steel  Co. 

Western  Structural  Co. 
Unloaders,    Skip   or   Bin. 

Heltzel   Steel   A    Iron    Oo. 

Weller  Mfg.   Co. 
VsJvos    (See  also  Gates  I. 

American    Manganese    Bros 


Co.,    The 


Oo. 


Co. 


Mfg. 


Plpo     Bending     and     Cutting 
Machines. 

Kardoog  Bros. 

Treadwell    Eng.    Co. 
Plpo   Joints    and    Jointing. 

Central   Foandry  Co. 
Ft  pos— StoaL 

Americas    Spiral    Pipe    Co. 

Blaw-Knox  Oo. 

Connery  A  Co.,  Inc. 

National   Tab*   Co. 
Pipe,   Biretod. 

Connery   A   Co..    Inc. 

Bonhcnt  Co..   Jos. 

Uttleford    Bros. 
Pip*.   Steal  Dredg*. 


Views. 
Adam,   J.    D  ,    A   Co. 
Attstln    Mfg.    0*. 
A  re  rr   Co 

Edwards,  0.   D.,    Mig.   Os. 

RasseU   Grader  Mfg.   Co. 

Western     Wheeled     Scraper 
Oo. 

Wlard    Plow    Co. 
Paanmatlo  Tools,    Riveters. 

Chicago  Pneumatic  Tool  Co. 

Domes  tie  Bug.  A  Pump  Co. 

Iac*r*oll-Rand    Co. 
Pertabls  Cenreyor*   (So*  Con- 

Terors — Portable) . 
Partabl*  BnlUlaii    (Be* 

Buildings—  Portable  I. 
Powder   (Se*  Dynamite). 
Pre  tee  ted   Metal. 
Pamps.   Air  Lift. 

Chicago  Pneumatic  Tocl  Co. 

Inxersoll-Rand    Co. 

SnUlraa  Mach.   Oo. 
Pumps,  Centrifugal  and  Mnlti 
Stac*  High  Lift. 

American    Well    Worka^ 

0.   H.   A   E.   Mf£.    Co. 

D*  Laral  Steam  Turbine  Co. 

Domestic  Bng.   A  Pump  Co. 

Economy     Pumping     Mach. 
Oo. 


Goulds    Mfg.    Co. 
lngursoll-Rand    Co. 
Keystone   Driller   Co. 
Morris  Machine   Wks. 
Smith  Co..   T.   L. 
Worthlngton  Pnmp  A  Mach. 
Oorp'n. 
Pumps,    Contractor*'. 
American    Well   Works. 
Barnes   Mfg.    Co. 
0.   H.    A    E.   Mfg.   Co. 
Construction  Mach'y  Co. 
Domestic  Eng.  A  Pnmn  Oo. 
Economy     Pumping     Mach. 
Oo. 


Road    Drags,    Patrol  Scrapers, 

Road  Maintainors, 
Acme    Road    Mach.    Co. 
Adams.  J.   D..  A  Co 
Austin-Western   Road  Mach. 

Co. 
Arery    Company. 
Clark    Tructractor    Oo. 
Edwards,   C.    D.,    Mfg.   Oo. 
Gallon    Iron   Worka. 
Klauer    Mfg.    Co. 
Penn    Bridge   Co. 
Russell   Grader   Mfg.   Co. 
Smith    A   Sons   Mfg.    Co. 
Stockland   Road   Mach.   Co. 
Unlrersal  Road  Mach.  Oo. 
Wehr  Company 


Co. 


Yeoman's   Bros.    — 
Sewer   Cleaning   Machines. 

Champion  Oorporatlott. 

Turbine   Sewer  Machine  Co. 
Sewer  Inlets. 

Klauer  Mfg.   Co. 
Shafting    Equipment. 

Weller   Mfg.    Co. 
Shovels    (See  Steam   Shovels). 
Shoveling    Machines. 

Myers-Whaley    Co. 
Skylights. 

^Dickey.    W.    S.,    Clay    Mfg. 
Co. 


Wester 
Co. 


BlCa'rneEle  Steel  Co. 
'fiSw     Scraper     »£«.  W>«  (and  Valrea)    xu.    W j*Jk»    S.wer 


uonnorst,  job., 
Llttleford   Bros. 
Barnes  Mfg.  Co..  The. 
Stone  Spreaders   (See  Spread- 
Street    Cleaning    Machinery. 
Austin- Western     Road     Ma- 
chinery Co. 
Baker  Mfg.  Co. 
Universal    Road   Mach.    Co. 
Switches — Electria. 
Tempera — Power. 
Austin  Machinery    Corp'n. 
Domestic  Eng.  A  Pump  Oo. 
Ingersoll-Rand   Co. 
Pawling     A     Harnlschfeger 
Co. 
Tanks,    Air    Compressor. 
Chicago  Pneumatic  Tool  Co. 
East  Jersey  Pipe  Co. 
Ingersoll-Rand  Oo. 
Tanks,    Towers — Standplpes. 
Blaw-Knox   Co. 
Caldwell.    W.    B.   C. 
Chicago  Bridge  A  Iron  Co. 
Connery  A  Co.,   Inc. 
Dickey.    W.    8.,    Clay   Mfg. 

Oo. 
Hei.  Co.,  The. 
Honborst,   Jos.,   Tbe,  Co. 
Uttleford    Bros. 
National  Steel  Products  Co. 
Pittsburgh    -    Des       Moines 
Steel  Co 
Tanks,     Steal     Waliast,     Fa* 
every      purpose,      gasoline 
stoTago,       pressure       and 
storage    (See   Steel    Plate 
Construction). 
Tar    Kettle*,    Stationary    and 
Portable. 
Blaw-Knox  Co. 
Connery    A   Co.,    Inc. 
Honborst,   Jos..   The,   Co. 
Uttleford  Bros. 
National  Steel  Products  Oo. 
Tents,     Awnings,     Tarpaulins. 
Eto. 
D.  S.  Tent  A  Awning  Co. 
Testing    Instruments. 


Co. 


Co. 


Road    Fabric. 

Nat'l  Steel   Fabric   Co. 
Rama,  Hydraulic 

Goulds    Mfg.    Co. 
Reinforcing     Concrete     Aoo*e- 

Concrete   Eng.   Co. 
Truscon   Steel  Co. 
Riveting    Machines. 
Chicago  Pneumatic  Tool  Oo. 
Ingersoll-Rand    Co. 
Road    Finishing    Belts. 

C.   H.   A  B.   Mfg.  Co. 
Road    Planes. 

Austin    Mach.    Corp'n. 
Koehring  Co. 
Maxon  Co..  The. 
Road  Sprayers. 

Austin-Western    Rd.     Mach. 

Co. 
Kinney   Mfg.    Co. 
E.    D.    Etnyr*   A   Co. 
Roads     and     Steal     Presarra- 
tives    (See   011a;    See   As- 
phalts). 
Rollers,   Road. 

Austin  Western  Road  Mach. 

Co. 
Arery  Oo. 

Barber  Asphalt  Paring  Co. 
Buffalo     Springfield     Roller 

Co. 
Erie  Machine  Shop*. 
Good  Roads  Mach.  Co.,  Inc. 
Unlrersal    Road   Mach.    Co. 
Western     Wheeled     Scraper 
Co. 
Roofing. 

American     Sheet 

Plate   Co. 
Barber  Asphalt  Paving  Co 
Barrett   Company.   The. 
Carey.    Philip,   Co. 
Klauer    Mfg.    Oo. 
Servlclsed    Products   Co 


Crane  Oo. 

Rensselaer    \  aire   Co 
Smoke    Stacks     (See     Steel- 
Structural). 
Snow    Plows. 

Avery   Company. 

UwVrdf  a'.  S°;  Mfg.  CO 
Good  Bonds  Mach.  Co..  Inc. 
Halss,   Geo.,   Mfg.   Oo. 
Russel  Grader  Oo. 
Phoenix   Mfg.  Co. 
Spreaders. 


AuBtln-Western 
cblnery  Oo 


Road     Ma- 


Tin 


Western     Wheeled     Scraper 

Sprinkling    Wagons,    Flu*h*rs. 

Acme    Road   Mach.   Co. 

Austin-Western  Road  Ma- 
chinery Co. 

Kinney  Mfg.  Co.  ^^^ 
Reinforcing  Concrete  Acces- 
sories- _■         n« 

Concrete  Engineering  Oo. 

Truscon    8teel    Co. 

Tiffin    Wagon   Co 

Waterloo   Construction   Co. 

Western     Wheeled     Scraper 

Co-  ■    „ 

Rolling    Stool    Doers. 

Klnnear   Mfg.   Co.  , 

Moeschl-Edwards  Corrugat- 
ing Co.  - 

Milwaukee  Corrugating  Co. 
Steam    Shovels. 

Austin  Machinery  Corp  n. 

Bell    Engine    Co. 

Bncyrus  Co.,   The. 

Brie   Steam   Shovel   Oo. 

Keystone    Driller    Co. 

Marlon    Steam    Shovel    Co. 

Osgood   Co.,   The. 

Tbew  Automatic  Shovel  Co. 
Ste*l,  Hot  Rolled  Strips. 

Laclede  Steel  Co. 


Servlclsed    rroducts    \jo.  uscime   1""i   *""- 

Rope     (See    Wire    Rope,    also    Steel—  Reinforcing Ooner*te. 


Cordage). 
Rules   and   Tapes. 

Lufkln    Rule   Co. 
Sack  Balers  and   Cleaners. 

Handy   Sack   Baler  Co. 

Schutt.    W.    A...   Mfg.    ( 

Willsea    Works.    Tbe. 


Carnegie   8teel   Co. 
Concrete   Engineering  Co 
Highway   Iron   Products  Co. 
Inland    Steel    Co. 
Laclede  Steel  Co. 
National  8teol  Fabric  Oo. 
Ryerson,    Joa.   T.,    A   •oat. 


Tile,  Mains,  Etc. 
Dickey,    W.    8..    Clay    Mfg. 
Co. 
Tool  Hensea. 

Llttleford    Bros. 
Traok,    Industrial    and    Porta- 
ble. 
Sweet'e  Steel  Co. 
Koppel     Industrial     Oar     A 
Equipment  Oo. 
Traction   Engines. 
Avery  Co. 
Lerol  Company. 
Traction  Shovels  (Steel  Steam 

Shovels). 
Tractors. 

Archer  Iron   Works. 
Arery  Co.        __--»,. 
Aultman     A     Taylor   Mach. 

Co. 
Batea    Machine    A    Tractor 

Oo- 
Best,  C.  L-,  Tractor  Co. 
C.   H.   A    E.   Mfg.   Co. 
Clereland   Tractor   Co. 
Clark   Trucktractor   Co. 
Jobn  Deere. 
Holt  Mfg.   Co. 
Minneapolis   Steel    A    Mach. 

Co-  -^ 

Shaw-Enochs  Tractor  Co. 
Trailers.  __ 

Eagle  Wagon    Works,    The. 

Lee  Loader  Co. 

Tiffin   Wagon  Co. 

Trey   Wagon    Works   Co. 
Transits   and    Levels. 

Beckman,   L.,   Oo. 

Buff   A  Buff   Mfg.    Oo. 

Warren-Knight  Co. 
Transformers — Electrio. 
T  r  a  t  e  1 1  n  g     Cranes     (See 

Cranes). 
Trenoh    Braces. 

Kalamatoo    Fdry.    A    Mach. 
Oo. 
Trench   Filler*    (See    Backflll- 

er,> •  ,     - 

Trenoh     Machines    and     Bap- 
plies     (See    Ditching    Ma- 
chines) . 
Trucks,    Industrial    . 
Clark   Tructractor   Co. 
Hug  Lumber  A  Const.   Oo. 


Olark,    II. 

Crane   Oo. 

Emerson  Pump  A  Valre  O*. 

Golden-Anderson   Valre   0*. 

Kennedy   Valre  Mfg.   Oo. 

11.    Mueller    Mfg.    Co. 

Payne  Dean.   Ltd. 
Simplex  Valre  A  Meter  Oo. 
Wood,    R.    D.,   A  Oo. 
Valve*.    Foot.  _ 

Emerson  Pnmp  A  Valre  O*. 
Kennedy  Valre  Mfg.  Oe. 
Rensselaer  Valrn  Co. 
Valve  Control.    Water. 

Payne  Dean,  Ltd. 
Ventilators. 
Detroit   Steel    Products   0*. 
Milwaukee  Corrugating  0*. 
Wagons    (See    Dump   Wagons, 
also    see    Sprinkling     Wag- 
ons). 
Wagon   Loaders. 
Barber-Greene  Co. 
Chain   Belt  Oo. 
Halss  Manufacturing  Co. 
Lee  Loader  Oo. 
Link    Belt   Co. 
Russell    Grader   Mfg.    Co. 
Weller  Mfg.  Co. 
Washing   Plants  —  Sand   and 
Grout. 
Smith    Engineering    Works. 
Weller  Mfg.   Co. 
Water   Purification. 

Electro  Bleaching   Gas   Co. 
Pennsylvania  Salt  Mfg.  O*. 
Wallace  A  Tlernan  Oo. 
Water   Main   Cleaning. 

National     Water    Mala 
Cleaning  Co. 
Water    Surreys. 

Pltometer  Co..   The. 
Waterproofing. 
Barber  Asphalt  Paving  O*. 
Barrett   Co..   The. 
Carey.  Philip,  Oo. 
Crescent  Sales  A  Mfg.   Oo. 
Truscon    Laboratorlee.    Th*. 
Welding,    Electrio,    Oxyaoety- 
lene,  Forge  and  Hammer. 
Well   Drilling    Machinery. 
American    Well   Works. 
Ingersoll-Rand    Co. 
Keystone  Driller  Co. 
Layne  &  Bowler. 
Well   Screens. 
American  Well   Works. 
Cook,   A.  D. 
Welding  Wire. 

Roebllng'B    Sons.    John     A. 
Wheelbarrows. 

Kllbourne    A    J*co 


Mfg. 


Co. 


Sterling   Wneelbarrow  Oo. 
Winches. 

iro'wn  °xiX5»i      "«bU. 


Co. 

Chicago 
Co. 


Pneumatic      Tool 


Dake   Engine  Co. 
Windowa,     Ventilator. 

Detroit   Steel   Prodneta   O*. 
Dobble    Fdry.    A    Mach.    O*. 

Flory  Mfg.  Co 

Udgerwood    Mfg.    l*o- 
Wlnduutaea. 

Dake   Engine  Co. 

Dobble  Fdry.  A  Mach.   Co. 

Weller   Mfg.,  Co. 
Wire    Rope    Cllpa. 

Am.  Hoist  A  Derrick  Co 
Wire    Hope,     Fitting*,     SUs* 
Sheaves,    Blocks, 

American  8toel  A  Wire  O*. 

Bucyrus  Co.,   The. 

Bobble  Fdry.  A  Mach.  Co. 

Leschen  A  Sons  Bop*  Co. 

Roebllng'B  Sons.  John  A. 

Sauerman   Bro*. 

Servlclsed   Products  Co. 

Wllllamsport  Wire  Rope  Co. 

Wood    Borers,     Portable     and 

Electrio.  .    _    ,  _ 

Chicago  Pneumatic  Tool  O*. 

Wood        Preserratires        (8** 

Paints     and     Wood     Pr*- 

serratlTes;    see    also    Cre- 

osoted    Blocks). 

Wrenches  and  Ratchets. 

Lowell    Wrench    Oo. 
Wrenches,    Alligator. 

Roebllng'B    Sons.    John     A 
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1      EXPANSION 


JOINT 


Type  I'  irllul.r  Fibre  Joint  (Solid 
Edf..  and  Side.  Self-Expanding.) 
Typo  C—  Sidewalk  Joint  H*  a  Specialty. 
For  Concrete  Roads  —  Granite  —  Brick 
and  Wood  Block  Paving  —  Buildings- 
Bridges— Walls  and  Ro.ervoirs. 


SERVICISED     PRODUCTS    CO.      1SJNATL  LDG. 


Manganese  Steel  Parts 

[f  you  use  it  why  Dot  the  he^t : 

Prompt  response  to  inquiries  for 

Hadfield's  "Era"  Brand 

Manganese  Steel 

THE  HADFIELD-PENFIELD  STEEL  CO. 


BUCYRLS.  OHIO 


WIRE  ROPE  FtTTINGS  WELDING  WIRE 

JOHN  A.  ROEBLING'S  SONS  COMPANY,  Trenton,  N.J. 


Byers  Hoists 

vara  wurk,  operating,  of  derrick*  aad  pile  dnv< 
Steam  ot  gasoline  engine,  or  belt  ot  electric 
-    -,    riper.ence  build, ne  II 

Stndtor  Bullttin  E 
THE  BYERS  MACHINE  CO.,  R.venn. 
Builders  of  Bven  Clan.  ^  I 


A  PRACTICAL  REFERENCE 
GUIDE  FOR  WATERPROOFING 

Not  a  picture  book,  but  a  descriptive  catalog 
of  waterproofing,  dampprooflng  and  other 
building  protective  products. 

Write  for  this  catalogue 

CRESCENT  SALES  &  MFG.  CO. 
903    We.tmin.ter    Bldg.,   Chicago 


SPRACO 

-is 


COOLING  PONDS 
AIR  WASHERS      ' 
SPRAY    NOZZLES*; 
PLOW  METERS     ^ 
PAINT  GUNS 


AY   ENGINEERING   C2 


GENERAL  CONCRETE  CONSTRUCTION  CO. 


CONCRETE  CHIMNEYS 


CHICAGO 

43IS.0E:*RB0ftr<or 


..NEW   YORK 

PCH  ST. 


H 


nd 


ein      Drawing      Tables 
Filing  Cases 

PAY  FOR  THEMSEIA  tS  THRU  THEIR  CONVENIENCE 


Illustrated  Calalcy 


yo 
tables  or  filing  cases  bv. .  ■ 
your  own  design  and  specifica- 
tions we  would  be  pleased  to 
give  you  our  figures. 
Every  inquiry  receives  the  per- 
sonal attention  of  our  compe- 
tent and  experienced  Designing 
and  Engineering  Department. 
•  on  Application. 


The  Hein  Furniture  Company 


TOLEDO,  OHIO 

Factory  and  Office:     126-136  S.  Hi 


<^sloi;n7 


BUFF 


62  Years  of  Reputation 

SrnJ/or  ffm  Calalot  So.  27 
BUFF  &  BUFF  MFG.  CO.,  Bo. ton  30,  Maaa. 

Branches:   a6  Dry  St  .  V  Y.  City 

:.\  N.  Wells  St.Chicaeo 


WESTERN  EQUIPMENT 

,t   Forty  years'  service  nave  made  our 
|\*-Mt?I  My    trmde-oame.    "Wsstsrn",    stand    for 
^■*--  —  *r       efficiency  and  eicilence.  wbetber  in 
n  Urge  toots  or  email    Western  earth  moving 

Uump  CtrS  oguipmcnt  Is  tbc  best  tbc  world  produces.        Elevating  Gr  JfJflrj 

SorkhrBr0,.KS     Western  Wheeled  Scraper  Co.    °Dum5  *jrs 

Screening  Plants  AU>0BA>  ILllr,0.«  Roid  Pl"w» 


■ftYCITY  PfcOtOBOa*--! 

*y& 

EXCAVATORS 
LAND  DREDGES 

Walking,  Track,  Crawler 
and  Floating  Type 

&&iZMi 

■  Ipi    ■ 

Bay  City  DredgeWorks 

A*  /< 
Comprr**or  Booklet 
No.  SI  2  I 


y±i 


S  U  L  L  I  V^rX  N 

AIR      COMPRESSORS 


LJPower  Shovels 

THE  THEW  SHOVEL  COMPANY     LOBAIN  OHIO 


0)  T> 

w  in 


University  of  Toronto 
Library 


Ph  e-  (a 


Acme  Library  Card  Pocket 

Under  P»t  "Rel  Iidcx  FDe" 

Made  by  LIBRARY  BUREAU 


■ 


